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Background: Primary care for a panel of patients is a central
component of population health, but the optimal panel size is
unclear.

Purpose: To review evidence about the association of primary
care panel size with health care outcomes and provider burnout.

Data Sources: English-language searches of multiple databases
from inception to October 2019 and Google searches performed in
September 2019.

Study Selection: English-language studies of any design, in-
cluding simulation models, that assessed the association be-
tween primary care panel size and safety, efficacy, patient-
centeredness, timeliness, efficiency, equity, or provider burnout.

Data Extraction: Independent, dual-reviewer extraction; group
consensus rating of certainty of evidence.

Data Synthesis: Sixteen hypothesis-testing studies and 12 sim-
ulation modeling studies met inclusion criteria. All but 1
hypothesis-testing study were cross-sectional assessments of as-
sociation. Three studies each provided low-certainty evidence
that increasing panel size was associated with no or modestly
adverse effects on patient-centered and effective care. Eight

studies provided low-certainty evidence that increasing panel
size was associated with variable effects on timely care. No stud-
ies assessed the effect of panel size on safety, efficiency, or eg-
uity. One study provided very-low-certainty evidence of an asso-
ciation between increased panel size and provider burnout. The
12 simulation studies evaluated 5 models; all used access as the
only outcome of care. Five and 2 studies, respectively, provided
moderate-certainty evidence that adjusting panel size for case
mix and adding clinical conditions to the case mix resulted in
better access.

Limitation: No studies had concurrent comparison groups, and
published and unpublished studies may have been missed.

Conclusion: Evidence is insufficient to make evidence-based
recommendations about the optimal primary care panel size for
achieving beneficial health outcomes.

Primary Funding Source: Veterans Affairs Quality Enhance-
ment Research Initiative.
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key component of population health is the primary

care physician, who is responsible for the care of a
defined number of patients. Determining the optimal
panel size for a full-time primary care physician is a
complex undertaking that requires balancing the de-
mands of the system (patient access to care, clinical
effectiveness or quality, patient experience, and cost)
with the needs of the provider team (physician and
team satisfaction, adequate time for care, and avoid-
ance of physician and team burnout). Primary care
panel size varies considerably in the literature (from
<1000 to >4000 patients per full-time physician), and
whether this level of variability is justifiable is unclear.

A common method for calculating a provider's
panel size has been to multiply the number of available
slots each day by the number of days the provider
works in the clinic and then divide the product by the
average number of visits each patient will make each
year (usually the actual number of visits in the previous
year). This method does not account for many tasks
that occur outside traditional face-to-face clinical visits,
including patient communication (letter writing, tele-
phone calls, e-mails, and form completion), test follow-
up, panel management activities, and care coordina-
tion. It also ignores the division of work among primary
care teams and the effects of different panel sizes on
clinical quality. For example, studies have estimated
that it would take 7.4 and 10.6 hours per day, respec-
tively, to deliver guideline-recommended care for pre-
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vention and treatment of 10 chronic illnesses in a panel
of 2500 patients (1, 2), implying that a smaller panel
than this was necessary for high-quality care to be deliv-
ered. To help providers and policymakers make data-
based decisions about panel size, we conducted a sys-
tematic review on the association of panel size with 6
major aims of quality health care and provider burnout.

METHODS

This review is part of a larger review commissioned
by the Department of Veterans Affairs (VA) (3). The pro-
tocol for it was developed and submitted to the VA
Evidence Synthesis Program Coordinating Center.

Data Sources and Searches

We searched PubMed, Scopus, EMBASE, and Web
of Science from inception to 3 October 2019 using the
terms panel size, primary health care, patient concen-
tration, panel design, patient panel, patient sample,
physician panel, physician workload, and practice list
size (Appendix Table 1, available at Annals.org). We
also searched Google on 30 September 2019, starting
with the term primary care practice size and then using
the Google-generated terms Medical Group Manage-
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ment Association (MGMA) panel size, primary care
panel size benchmark, patient panel size worksheet,
Kaiser Permanente primary care panel size, and risk ad-
justed panel size. We looked at the first 50 results for
each Google search. We also reviewed references of
relevant articles. Because our focus was U.S. or similar
health care systems, we restricted the searches to
English-language articles.

Study Selection

Three authors (N.M.P., E.A.A., and P.G.S.) indepen-
dently screened titles and abstracts in triplicate. Dis-
agreements were reconciled through group discussion.
Full-text review was conducted in duplicate by 2 inde-
pendent team members, with disagreements resolved
through discussion. We selected research (regardless
of study design) with original data that examined the
association between panel size and an outcome of in-
terest or that presented a model that related panel size
to a health care outcome. The patient population could
include adults, children, or both. Outcomes had to in-
clude provider burnout or 1 of the 6 aims of quality
health care proposed by the National Academy of
Medicine (formerly the Institute of Medicine) (4): safety,
efficacy, patient-centeredness, timeliness, efficiency,
and equity. We considered clinical quality, access, and
costs as measuring aspects of efficacy, timeliness, and
efficiency, respectively.

Data Extraction and Quality Assessment

Data extraction was done in duplicate. All discrep-
ancies were resolved via full group discussion. We ab-
stracted data on practitioner type, study design, sam-
ple size (number of practices), panel size range, other
factors used as control variables, and the aims of health
care plus provider burnout. The one interventional
study we identified was assessed for quality using the
National Institutes of Health's Quality Assessment Tool
for Before-After (Pre-Post) Studies With No Control
Group (5).

Data Synthesis and Grading

Our synthesis is narrative and considers studies in 3
groups. The first group included hypothesis-testing
studies for which the primary explanatory variable was
panel size and the dependent variable was 1 or more of
our outcomes of interest. The second group included
hypothesis-testing studies of some other explanatory
variable on outcomes of interest, for which the investi-
gators also reported panel size as a covariate. We dis-
tinguished these groups by whether “panel size” (or an-
other term that the authors then defined as panel size,
such as “provider workload”) appeared in the title of
the article. If it did, we considered the study to be in the
first group; if not, we classified it in the second group.
The third group included studies that built simulation
models to determine panel size and reported an out-
come of interest. These studies were assessed by a
modeling expert (J.D.G.). This involved evaluating the
degree to which the studies addressed aspects of a
logic model that underlies the motivation for optimiz-
ing panel size, including patient demand for primary
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Figure. Evidence search and selection.
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care provider visits and other non-face-to-face primary
care provider services and effort; supply of available
primary care provider appointments and time for other
non-face-to-face primary care provider services and ef-
fort; outcomes; and value, meaning a combination of
the range of benefits and costs to determine whether a
certain panel size is ultimately worth the costs.

Evidence certainty, preliminarily assessed by 1 au-
thor (P.G.S.) and confirmed by consensus discussion,
was assessed using criteria adapted from the GRADE
(Grading of Recommendations Assessment, Develop-
ment and Evaluation) approach (6).

Role of the Funding Source

Funding was provided by the VA Quality Enhance-
ment Research Initiative, which had no role in the de-
sign and conduct of the study; collection, management,
analysis, and interpretation of the data; preparation, re-
view, or approval of the manuscript; or the decision to
submit the manuscript for publication.

REsuLTS

Of 1251 screened titles, 77 publications underwent
full-text review. Forty-nine of these were excluded (Ap-
pendix Table 2, available at Annals.org), leaving 28
publications that met the inclusion criteria (Figure). De-
tails of the included studies are presented in Appendix
Tables 3 and 4 (available at Annals.org) and in the full
evidence report (3).

Hypothesis-Testing Studies of Panel Size
Ten studies (7-16) had a stated primary purpose of
evaluating the association between panel size and an
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outcome of interest; 9 of these were cross-sectional.
The remaining study was a pre-post study of a new
method of constructing panel sizes based on patient
characteristics (10). Settings included the VA (13-16);
U.S. academic health centers (7, 9-12); and Ottawa,
Canada (8). The mean or median panel size was about
1200 patients in 4 studies (11, 13, 14, 16), was less than
600 patients in 2 studies (9, 12), was much greater than
1200 patients in 3 studies (with upper limits 2 to 4 times
that) (7, 8, 10), and was reported as being above or
below the “optimal” panel size in 1 study (15).

Safety and Efficacy (Clinical Quality)

No study assessed the relationship between panel
size and measures of patient safety. Three studies as-
sessed the association between panel size and mea-
sures of clinical quality (7, 8, 13). In a VA study based on
data from 2004, Stefos and colleagues (13) used multi-
variable logistic regression to assess the association of
panel size (mean, 1206 patients) with 8 measures of
clinical quality in 1 fiscal year, mainly via chart review.
Additional variables were included in the model, such
as number of examination rooms, staff full-time equiva-
lent, patient age greater than 65 years, sex, distance
between the patient and the treating facility, and a
measure of patient risk. Multivariable analysis showed
that increasing panel size was associated with lower
standardized odds of a patient receiving appropriate
pneumococcal vaccination and being screened for al-
cohol misuse (adjusted odds ratios [AORs], 0.95 [95%
Cl, 0.91 to 0.99] and 0.94 [CI, 0.89 to 0.99], respec-
tively). This translates to an estimated 5% decrease in
vaccination and a 4% decrease in alcohol screening
with a 1-SD increase in mean panel size from 1206 to
1566 patients. Of the other 6 clinical quality measures,
4 had ORs of worse care that were not statistically sig-
nificant (hemoglobin A target of <9% for patients with
diabetes, hyperlipidemia screening, full lipid profile
among patients with ischemic heart disease, and dia-
betic retinal examination), 2 had an OR of 1.0 (colorec-
tal cancer screening and blood pressure target of
<140/90 mm Hg for patients with hypertension), and
none had an OR of better quality with increasing panel
size.

In a study of 36 clinicians in the Family Medicine
Department of the Mayo Clinic, Angstman and col-
leagues (7) assessed the relationship of panel size with
a composite measure of clinical quality for patients with
diabetes over monthly or quarterly periods. The ad-
justed panel size ranged from 1876 to 4828 patients.
The multivariable analysis was adjusted for patient dif-
ferences using the Hierarchical Condition Categories.
Increasing panel size was negatively associated with
clinical quality of diabetes care (P = 0.03).

The third study (8), from Ottawa, Canada, assessed
the relationship between panel size for 4195 physicians
and measures of cancer screening, chronic disease
management, admissions for ambulatory care-sensitive
conditions, and emergency department visits over 2
years. Panel sizes ranged from 1200 to more than 3600
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patients (clinicians with panels of <1200 patients were
excluded from the analysis). Analyses adjusted for pa-
tient complexity found that the likelihoods of being up-
to-date on screening for cervical, breast, or colorectal
cancer decreased slightly as panel size increased. For
example, colorectal cancer screening ranged from
45.6% in practices with the smallest panels to 44.4% in
those with the largest panels. Six performance mea-
sures for patients with diabetes showed no statistically
significant differences across panel sizes. The likeli-
hood of a patient with heart failure getting an echocar-
diogram increased with increasing panel size (from
69.4% [Cl, 67.3% to 71.3%] to 75.5% [Cl, 72.9% to
77.8%]). Admissions for ambulatory care-sensitive con-
ditions increased with increasing panel sizes (by 1.25
admissions per 10 000 patients), whereas emergency
department visits decreased (from 19.5 to 17.4 per 100
patients per 2 years).

Patient-Centeredness

Three studies assessed the association between
panel size and patient-centered care, generally mea-
sured as patient experience or satisfaction (7, 13, 15).
Two of these were described in the previous section (7,
13); both reported no statistically significant association
between panel size and patient satisfaction. In the third
study, Mohr and colleagues assessed the association of
workload (defined as panel size) with 3 measures of
patient experience taken from the VA Survey of Health-
care Experiences of Patients (15). In their multivariable
analysis that controlled for patient and organizational
characteristics, workload (panel size) was associated with
more patient complaints (AOR, 1.71 [Cl, 1.19 to 2.47]),
worse provider time availability (AOR, 0.61 [Cl, 0.44 to
0.86]), and fewer positive ratings of overall visit quality
(linear regression estimate [+ SE], —0.20 + 0.08).

Timeliness (Including Access)

Eight of 9 studies assessed timeliness of care, mea-
sured as either access or continuity. Three of these
studies have been previously described. In the study by
Stefos and colleagues using VA data, a 1-SD increase in
panel size was associated with a 2.04-day increase (SD,
0.278 day) in waiting time (difference between the date
scheduled for a primary care appointment and the ac-
tual date seen in the clinic), but this was not statistically
significant (13). The study by Angstman and colleagues
from the Mayo Clinic found that increasing panel size
was associated with longer times to the third next avail-
able appointment (P < 0.01) (7). The study from Ottawa
found a shallow, U-shaped curvilinear relationship be-
tween deciles of panel size and continuity, with a differ-
ence between the highest (panel size of 2400 or 2100
patients) and lowest (panel size of 1200 patients) con-
tinuity scores of about 3% (8).

Two studies, 1 from the VA (mean panel size, 1178
patients) and 1 from Oregon Health & Science Univer-
sity (mean panel size, 577 patients), used multivariable
models and found no statistically significant association
between panel size and the Usual Provider Continuity
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Index (12, 14). However, a study of 114 primary care
physicians in the Ohio MetroHealth system (mean
panel size, 1146 patients) found that the time to the
third next available appointment was positively related
to panel size (r= 0.22; P = 0.032) (11). A multivariable
analysis in a study of medical resident clinics during a
9-week period, with a mean panel size of 55 patients,
found that patient continuity decreased by 1.4% (SE,
0.3%) for every 10 additional patients in the resident's
panel (9).

In the only longitudinal, interventional study we
found, Kamnetz and colleagues evaluated the effect of
panel weighting during a 4-month period (panel size
range, 1244 to 2315 patients before weighting and 949 to
2705 patients after weighting) on access among 112 pri-
mary care providers in the University of Wisconsin system
(10). After weighting panels by patient age, sex, and in-
surance type (Medicare, Medicaid, or other), the total
number of active patients increased by 2%, but the num-
ber who strongly agreed that an appointment in general
internal or family medicine was available when needed
also increased (from 70% to 75% [depending on the
clinic] to 75% to 80%; P < 0.05). This study was judged as
fair-quality due to its retrospective design, with only a sin-
gle time point before and after the intervention.

Efficiency (Including Cost) and Equity

No study assessed the relationship between panel
size and efficiency or cost. One study assessed the as-
sociation between charges and panel size (7), but
charges are not a good measure of cost. No study as-
sessed the relationship between panel size and mea-
sures of equitable care.

Provider Burnout

One cross-sectional study assessed panel size as a
primary explanatory variable for physician burnout (16).
This study assessed 1517 VA primary care physicians
(response rate, 32.9%) who responded to an online sur-
vey during 2 months in 2014 about their work experi-
ence, then linked the responses to VA data on primary
care workload. Panel overcapacity was defined as a
panel size greater than 1200 patients for a full-time cli-
nician. Physician burnout was measured using a single
item from the Physician Worklife Study (17) on self-
reported level of burnout using a 5-point scale. In uni-
variate analyses, burnout was higher in respondents
who had overcapacity than in those at or under capacity
(53.3% vs. 48.0%). In a multivariable analysis that con-
trolled for other aspects of practice, such as whether the
primary care team was fully staffed or working extended
hours, the degree of clinic staff turnover, and average pa-
tient comorbidity, panel overcapacity had an increased
AOR of burnout (1.19 [CI, 1.01 to 1.40]).

Hypothesis-Testing Studies of Other Questions
That Included Panel Size as an Explanatory
Variable

Six studies reported results of tests of the associa-
tion between panel size and an outcome of interest
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(18-23). These studies had mixed results, and were re-
ported in insufficient detail to judge the findings, in-
volved health care systems or countries with panel sizes
that would be extraordinary by U.S. standards, or were
judged to be at high risk of publication bias.

Modeling Studies to Determine Panel Size

Twelve studies created and evaluated models to
determine how to optimize panel size in primary care
(24-35). These involved 5 distinct models in 2 studies
by investigators at the University of California, San Fran-
cisco (24, 28); 6 studies by Balasubramanian and col-
leagues (25, 27, 29, 31, 33, 34); and 1 study each from
Columbia University (26), Miami, Florida (30), and
Tampa, Florida (35). Details of included studies and
how they were evaluated are presented in the Appen-
dix (available at Annals.org) and Appendix Table 4.

One of the earliest modeling studies was published
by Green and colleagues in 2007 (26). The authors de-
scribed 6 steps: identify the current panel size, estimate
the daily visit rate per patient, fix the number of daily
appointment slots, calculate the current overflow fre-
quency, set the target overflow frequency, and com-
pute the panel size based on the target flow frequency.
In sample calculations, the authors presented the calcu-
lated panel size under assumptions about the number
of daily appointment slots (20 or 24) and an overflow
frequency of 5%, 10%, or 15%.

Another early model was published by Balasubra-
manian, who with colleagues has published variations
of and improvements on it (25, 29). In the first such
study, the authors used data from the primary care clin-
ics at the Mayo Clinic to optimize panels on 2 measures
of access (the average time a patient waits to see a
provider and the number of a patient's visits that are to
his or her own provider) and 1 measure of resource use
(the additional capacity needed to be added for each
period). The authors reported that their model only
used age and sex for case-mix adjustment, and they
planned to include more variables to better capture
variations in demand. Subsequent versions of their
model (27, 34) included more sophisticated case-mix
adjustment, such as the presence of various chronic
conditions, and resulted in better optimization when
applied to panels of about 1000 patients in terms of
smoothing out imbalances in demand and improving
access. These results led the authors to conclude, "We
have shown that case-mix is an important consideration
in primary care.” They noted that the effect these
changes would have on quality of care remained to be
evaluated. In the group's most recent study (31), they
further attempted to refine their demand estimation by
retrospectively quantifying patterns of face-to-face vis-
its and care coordination events (emergency depart-
ment visits). They were able to predict the number of
weekly appointments needed for panel sizes of 1500
and 2000 patients. They also concluded, “As our results
confirm . . . there is no one size fits all to the question
[of what is the optimal panel size]. Each physician or
care team is likely to have a different size depending on
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a variety of factors such as case mix, practice style, and
available capacity.”

Rajkomar and colleagues tried to improve the de-
mand calculation by using electronic health record data
to classify patients into phenotypes based on the num-
ber of their encounters (visits, telephone calls, elec-
tronic messaging, and care coordination) (28). This al-
lowed them to weight panels on the basis of patient
demand and complexity. They concluded that these
phenotypes could predict future primary care use. With
this information, panel sizes could be decreased for
more complex patients or higher utilizers could be
spread over different panels.

Altschuler and colleagues used a different method
to calculate optimal panel size (24). Rather than taking
existing data about real patients and prior demand for
care, they estimated the work required to deliver pri-
mary care by using published estimates of the time
needed to provide preventive care as defined by the
U.S. Preventive Services Task Force grade A and B rec-
ommendations, the time needed to deliver care for 10
common chronic conditions, and the time needed to
deliver acute care. They then calculated the number of
patients to whom a primary care provider could deliver
this care, given a certain number of hours worked per
year. They did this calculation for 4 different assump-
tions of the amount of care that could be delegated to
other providers, such as nurse practitioners, registered
nurses, pharmacists, and health educators. In the
model with no delegation, a provider could care for a
panel of 983 patients, and in the model with the maxi-
mum amount of delegation, that number increased to
1947. Intermediate amounts of delegation produced
numbers between these extremes. Of note, their calcu-
lations were based on an average case mix, and times
per service were estimated and were not derived from
time-motion studies.

It is important to note that the previously discussed
study by Kamnetz and colleagues used modeling to
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improve optimal panel sizes by adding insurance status
to the age and sex variables used for case-mix adjust-
ments (10). Insurance status (Medicare, Medicaid, or
other) was used as "a proxy for patient complexity.” Be-
cause the study then assessed the effect of this change
in a panel size calculation method in a pre-post fashion,
it was categorized as a hypothesis-testing study and
discussed in that section.

Certainty of Evidence

There is low-certainty evidence that increasing
panel size has a modest negative association or no as-
sociation with care that is effective and patient-
centered; low-certainty evidence of variable associa-
tions with timely care; and very-low-certainty evidence
on associations with safe, efficient, and equitable care
and provider burnout. We judged the certainty of evi-
dence as moderate that case-mix adjustment of panel
size produces better access and that adjustment meth-
ods that include clinical conditions are better than ad-
justment using age and sex alone (Table).

DISCUSSION

Our principal finding is that the evidence about the
association between panel size and aims of health care
is surprisingly thin, given the importance of primary
care panel size to all models of population-based care.
The evidence consists of a handful of cross-sectional
studies that assess associations of panel size with clini-
cal quality, patient experience, access, and continuity
and show variable, no, or negative associations be-
tween increasing panel size and these outcomes. One
additional cross-sectional study found an association
between larger panel size and physician burnout.
These studies are limited by their design and therefore
cannot support strong conclusions about increasing
panel size causing any differences in outcomes. At best,
the studies signal that there might be causal relation-

Table. Certainty of Evidence

Outcome Studies, Limitations Consistency Direction of Effect Overall Certainty
n of Evidence
Association of panel size with health outcomes
Safety 0 NA NA NA Very low
Efficacy (clinical quality) 3 Serious Mostly consistent No association or negative Low
association of modest size
Patient-centeredness 3 Serious Inconsistent No association or negative Low
association of modest size
Timeliness (access, including continuity) 8 Serious Inconsistent Variable Low
Efficiency (including cost) 0 NA NA NA Very low
Equity 0 NA NA NA Very low
Provider burnout 1 Serious NA Increased burnout with Very low
panels with >1200 patients
Risk adjustment
Access 5 Not serious Consistent Better optimization when Moderate
panel sizes are adjusted
for case mix
Access 2 Not serious Consistent Risk adjustment that includes Moderate
clinical conditions is better
at optimizing access than
risk adjustment with just
age and sex
NA = not applicable.
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ships between larger panel size and worse clinical qual-
ity, worse patient experience, and provider burnout.
The remainder of the evidence consists of a handful of
studies that tried to model what should be an optimal
panel size, with “optimal” defined exclusively by access.
These modeling studies assumed that every patient
added to a panel is going to receive care of equal qual-
ity and patient-centeredness regardless of the total
panel size. The cross-sectional studies we identified
suggest that this assumption may not be correct.

The modeling studies seem to show that simple
models developed years ago can be improved. Not all
patients require the same amount of time, and the risk
adjustment methods that were tested vary from simple
(adjusting for age and sex) to complex (adjusting for
the number of health care conditions and the number
of medications). The resources available to primary
care providers, including the number of available
rooms in which to see patients, the ability to delegate
tasks to advanced practice providers, and the availabil-
ity of registered nurse managers and other clinical staff,
influence how many patients can be cared for. Imple-
menting this kind of model-based approach to optimiz-
ing panel size requires data and analytics that may not
be available to all primary care physician groups. Fi-
nally, since the early models were developed, there
have been many changes in health care that affect the
number of patients who can be cared for by providers.
These include the rise of non-face-to-face visits, tele-
health, secure messaging, and a greater load of informa-
tion for primary care providers to process and manage.

Non-face-to-face tasks take up an increasing amount
of clinician time. One study followed 57 physicians in 4
practices over approximately 1 month in 2015 (36) and
found that for every hour of direct clinical time with pa-
tients, almost 2 additional hours are needed to complete
electronic health record and desk work. Similarly, Farber
and colleagues found that a full-time primary care pro-
vider would spend an extra 7.8 hours per week caring for
their patient panel outside scheduled appointments (37).
Doerr and colleagues found that primary care providers
caring for a VA patient panel added 7.9 hours of work
between visits per week (38). Finally, Baron determined
that for his own panel of patients, over 1 year each patient
generated an average of 2.0 face-to-face visits, 2.6 tele-
phone calls, 1.3 prescription refills outside a visit, 1.8
e-mails, 2.1 laboratory reports, 1.2 imaging reports, and
1.5 reviews of a consultation (39).

The primary limitation of this review is the paucity
of hypothesis-testing studies. Cross-sectional studies
such as those we identified have limited ability to sup-
port causal conclusions. A second limitation is the pos-
sibility of publication bias, particularly for studies where
panel size was not the primary explanatory variable but
was tested as part of a multivariable regression analy-
sis. Such studies have been shown to be prone to pub-
lication bias because investigators report results only
for secondary variables that they consider “interesting.”
Third, although our searches were broad-based and used
multiple databases, we can never be certain we have
identified all relevant studies. Finally, all modeling studies
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have both strengths and limitations. They are inherently a
simplification of reality and may omit important features
of the problem. Therefore, models are best used to con-
sider problems for which it is not feasible to empirically
evaluate all alternatives and to inform rather than to make
decisions based on their results.

In summary, the evidence about the association be-
tween primary care panel size and the aims of health
care is modest at best. The few available studies pro-
vide a signal that increasing panel size may be associ-
ated with modest worsening of clinical quality and pa-
tient experience. Modeling studies support the idea
that risk adjustment and practice-level variables influ-
ence the optimal panel size for patient access to care.
Current recommendations about panel size are based
more on historical experience than on evidence.
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APPENDIX: DESCRIPTION OF SIMULATION
MODELING STUDIES

Studies use predicted patient demand based on
their own analyses of primary care provider data sets or
published literature. Some predictions are the same on
average for all patients, whereas others are conditional
on age, sex, or other relevant clinical characteristics.
Some studies allow for heterogeneity of demand
across and within patient types as well as stochastic
variation in demand. Of note, all estimates are based
on purely observational analyses that do not consider
change in demand as a function of changes in patient
characteristics, panel size, or organizational features.
The implication of this is that all studies assume that
individual patient demand will not change as panel size
and other organizational features are optimized or
changed.

What Features of Supply Do Studies Consider?

Supply is typically considered as patient appoint-
ment slots with the implicit assumption generally that
all appointments are of the same length. Some studies
relax this assumption and allow for heterogeneity of
appointment length and also consider complementary
supply of non-face-to-face services.

What Outcomes Do Studies Consider?

Most studies assume that all or the vast majority of
appointments should be offered on the day of the pa-
tient call, which is consistent with various articles by
Berwick and colleagues (40). This implies that one of

Annals.org

the main outcomes is ensuring that supply is equal to
or greater than demand for appointments so that back-
log is controllable. Some studies also consider the
amount of time patients wait when they arrive at a
crowded clinic to receive a same-day appointment.

No studies explicitly consider what services are de-
livered during appointments or via non-face-to-face
means. Implicitly, this assumes that regardless of orga-
nization, all necessary or indicated services are deliv-
ered in the confines of each appointment. These mod-
eling choices imply that the benefits gained and the
harms averted by each incremental step toward satisfy-
ing patient demand are equal to all other steps.

Do Studies Consider Value?

Almost all studies match patient demand to supply
without explicitly considering the costs of alternative
panel sizes or other organizational structures. This sup-
poses that meeting patient demand provides benefits
that greatly outweigh the costs and that maximizing this
outcome and/or closely related outcomes is therefore
the same as maximizing value.

One study (29) explicitly attached costs and re-
wards (benefits) for the outcomes it considered as a
function of panel size and combined these in an opti-
mization framework. Presumably, the reward for fulfill-
ing each demanded appointment (which, incidentally,
is not dependent on patient type) was a monetization
of the health gains and other benefits that come from a
timely appointment.

What Approaches Do Studies Use to Conduct
Their Analyses and Optimizations?

Some studies consider the total number of work
hours that a primary care provider has available. They
typically divide this into appointment sizes of a fixed
length and then determine (given average demand per
patient) how many patients could be in the panel.
Other studies use various optimization techniques
(such as analytic approximations or numerical optimiza-
tion) to find panel sizes, case-mix changes, and other
variables that satisfy the objectives they are trying to
achieve (for example, a low chance that demanded ap-
pointments exceed the supply in a given day, or short
in-clinic waiting times for patients).

Two additional articles we identified, 1 of which
was from the gray literature, did not fit this categoriza-
tion but are included here for completeness. One was a
Microsoft PowerPoint presentation (32) that examined
the effects of various factors when added to a “stan-
dard” panel size model calculator (probably similar to
what was proposed by Murray and colleagues [41]) but
is not about calculating optimal panel sizes per se. This
presentation reports that patient acuity (or comorbidity
or risk) “plays a small but perceptible role in observed
panel size calculations” for the primary care provider.
The other identified study assessed the relationship be-
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tween overbooking and no-show rates (35). In this
model, panel size was added as a control variable,
given that “panel size ... directly affects appointment
delay.” One conclusion of the model is that “there is a
critical panel size range (with and without overbooking)
in which both the patient show-up rate and the clinic's
expected profit decreases as the panel size increases.”

Annals of Internal Medicine

Appendix Table 1. Search Strategy

PubMed (inception to 3 October 2019)
Search strategy #1:
panel size*
Language:
English

PubMed (inception to 3 October 2019)
Search strategy #2:
capacity AND “primary care” AND (patient OR patients) AND (panel
or panels)
OR
"patient concentration”
OR
“panel design”
OR
("patient panel” OR “patient panels”) AND “primary care”
OR
“patient sample” AND “primary care”
OR
“Physician panel” OR “physician panels”
OR
"Physician workload” AND “primary care”
OR
“primary care” AND “practice list size”
OR
“primary care workload”
NOT
“panel size” OR “panel sizes”
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Appendix Table 2. Citations for Excluded Studies

Not about panel size (n = 17)

Bailey SR, O'Malley JP, Gold R, et al. Diabetes care quality is highly correlated with patient panel characteristics. J Am Board Fam Med. 2013;26:669-79.
[PMID: 24204063] doi:10.3122/jabfm.2013.06.130018

Carrier ER, Schneider E, Pham HH, et al. Association between quality of care and the sociodemographic composition of physicians' patient panels: a
repeat cross-sectional analysis. J Gen Intern Med. 2011;26:987-94. [PMID: 21557031] doi:10.1007/s11606-011-1740-7

Cheung A, Stukel TA, Alter DA, et al. Primary care physician volume and quality of diabetes care: a population-based cohort study. Ann Intern Med.
2017;166:240-7. [PMID: 27951589] doi:10.7326/M16-1056

Devlin RA, Hogg W, Zhong J, et al. Practice size, financial sharing and quality of care. BMC Health Serv Res. 2013;13:446. [PMID: 24165413]
doi:10.1186/1472-6963-13-446

Ellis R, Ash AS, Fernandez JG. “Good-enough” risk adjustment models for physician payment and performance assessment. Chicago: American Med
Assoc; 2015. Accessed at https://edhub.ama-assn.org/steps-forward/module/2702760 on 21 October 2019.

Huntley A, Lasserson D, Wye L, et al. Which features of primary care affect unscheduled secondary care use? A systematic review. BMJ Open.
2014;4:e004746. [PMID: 24860000] doi:10.1136/bmjopen-2013-004746

Liu N, Ziya S. Panel size and overbooking decisions for appointment-based services under patient no-shows. Production and Operations Management.
2014;23:2209-23. doi:10.1111/poms.12200

Mandel D, Zimlichman E, Wartenfeld R, et al. Primary care clinic size and patient satisfaction in a military setting. Am J Med Qual. 2003;18:251-5. [PMID:
14717383]

Martin-Misener R, Donald F, Kilpatrick K, et al. Benchmarking for nurse practitioner patient panel size and comparative analysis of nurse practitioner pay
scales: update of a scoping review. 2015. Accessed at https://fhs.mcmaster.ca/ccapnr/documents/np_panel_size_study_updated_scoping_review
_report.pdf on 21 October 2019.

Marx R, Drennan MJ, Johnson EC, et al. Assessing and increasing patient panel size in the public sector. J Public Health Manag Pract. 2011;17:506-12.
[PMID: 21964361] doi:10.1097/PHH.0b013e318211393c

Stempniewicz R, Cuddeback J. Primary care panel size: exploratory analysis. American Med Group Assoc; 2015. Accessed at www.amga.org/doc
/Meetings/AC/2015/Handouts/Councils/CIO/Understanding%20the%20Structure%200f%20the%20Care%20Team%20from%20the%20Data.pdf on 21
October 2019.

Thomas JW, Grazier KL, Ward K. Economic profiling of primary care physicians: consistency among risk-adjusted measures. Health Serv Res.
2004;39:985-1003. [PMID: 15230938

Vidal TB, Rocha SA, Harzheim E, et al. Scheduling models and primary health care quality: a multilevel and cross-sectional study. Rev Saude Publica.
2019;53:38.[PMID: 31066816] doi:10.11606/51518-8787.2019053000940

Wang JS, Lin SY, Sheu WH, et al. Effects of patient volume on quality of outpatient diabetes care. Diabetes Res Clin Pract. 2009;84:€27-9. [PMID:
19269708] doi:10.1016/j.diabres.2009.02.010

Wensing M, van den Hombergh P, Akkermans R, et al. Physician workload in primary care: what is the optimal size of practices? A cross-sectional study.
Health Policy. 2006;77:260-7. [PMID: 16129508]

Wensing M, Van den Hombergh P, Van Doremalen J, et al. General practitioners' workload associated to practice size rather than chronic care
organisation. Health Policy. 2009;89:124-9. [PMID: 18599149] doi:10.1016/j.healthpol.2008.05.008

Zantinge EM, Verhaak PF, de Bakker DH, et al. The workload of general practitioners does not affect their awareness of patients' psychological problems.
Patient Educ Couns. 2007;67:93-9. [PMID: 17382508]

Background (n = 16)

Advisory Board. Panel Size Expansion in the Medical Home. Washington, DC: Advisory Board; 2010. Accessed at www.advisory.com/research/health-care
-advisory-board/blogs/the-blueprint/2010/11/panel-size-expansion-in-the-medical-home on 21 October 2019.

Agency for Healthcare Research and Quality. Practice Facilitation Handbook. Module 20. Facilitating Panel Management. Rockville, MD: Agency for
Healthcare Research and Quality; 2018. Accessed at www.ahrg.gov/ncepcr/tools/pf-handbook/mod20.html on 21 October 2019.

Bavafa H, Hitt LM, Terwiesch C. The impact of e-visits on visit frequencies and patient health: evidence from primary care. Manage Sci. 2018;64:5461-80.
doi:10.1287/mnsc.2017.2900

Chamblee J, Ross S. White Paper: Using Patient Panel as a Principle Element in Primary Care Physician Compensation. February 2018. Accessed at https:
//cokergroup.com/wp-content/uploads/2019/02/Using_Patient_Panel_as_a_Principle_Element_in_Primary_Care_Physician_Compensation
_February_2018.pdf on 21 October 2019.

Chien AT, Kyle MA, Peters AS, et al. The degree to which practice configuration, size, and composition change while practices establish teams. J Gen
Intern Med. 2017;32:5335.

Chung S, Eaton LJ, Luft HS. Standardizing primary care physician panels: is age and sex good enough? Am J Manag Care. 2012;18:€262-8. [PMID:
22823555]

Edwards ST, Marino M, Balasubramanian BA, et al. Burnout among physicians, advanced practice clinicians and staff in smaller primary care practices.
J Gen Intern Med. 2018;33:2138-46. [PMID: 30276654] doi:10.1007/s11606-018-4679-0

Huang PY, Yano EM, Lee ML, et al. Variations in nurse practitioner use in Veterans Affairs primary care practices. Health Serv Res. 2004;39:887-904. [PMID:
15230933]

Hulshof PJH, Vanberkel PT, Boucherie RJ, et al. Analytical models to determine room requirements in outpatient clinics. OR Spectr. 2012;34:391-405.
doi:10.1007/s00291-012-0287-2

Institute for Healthcare Improvement. Manage Panel Size and Scope of the Practice. Accessed at www.ihi.org/resources/Pages/Changes/ManagePanel
SizeandScopeofthePractice.aspx on 21 October 2019.

Kivlahan C, Sinsky CA. Identifying the Optimal Panel Sizes for Primary Care Physicians. Chicago: American Med Assoc; 2018. Accessed at https://edhub
.ama-assn.org/steps-forward/module/2702760 on 21 October 2019.

Kivlahan C, Pellegrino K, Grumbach K, et al. Calculating Primary Care Panel Size. January 2017. Accessed at www.ucop.edu/uc-health/_files/uch-chqi
-white-paper-panel-size.pdf on 21 October 2019.

Mayo-Smith MF, Dooley D. Primary Care Panels in the VA. 2017. Accessed at https://mdedge-files-live.s3.us-east-2.amazonaws.com/files/s3fs-public
/Document/September-2017/021080047.pdf on 21 October 2019.

Schimpff SC. How many patients can a primary care physician care for? KevinMD.com. 23 May 2014. Accessed at www.kevinmd.com/blog/2014/05/many
-patients-can-primary-care-physician-care.html on 21 October 2019.

U.S. Department of Veterans Affairs. Patient Centered Management Module (PCMM) for Primary Care. VHA Directive 1406. 20 June 2017. Accessed at
www.va.gov/vhapublications/ViewPublication.asp?pub_ID=5430 on 21 October 2019.

Virani SS, Akeroyd JM, Ramsey DJ, et al. Health care resource utilization for outpatient cardiovascular disease and diabetes care delivery among advanced
practice providers and physician providers in primary care. Popul Health Manag. 2018;21:209-16. [PMID: 28994631] doi:10.1089/pop.2017.0090
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Appendix Table 2—Continued

Tool kits (n = 8)
Tantau & Associates. Panels and Panel Equity. Advanced Access Information Series. Accessed at www.improvingchroniccare.org/downloads/3.2
_panels_and_panel_equity.pdf on 21 October 2019.

The College of Family Physicians of Canada. Best Advice Guide: Panel Size. August 2011. Accessed at www.cfpc.ca/Best_Advice_Panel_Size on 21 Octo-
ber 2019.

Gupta R, Knox M, Willard-Grace R, et al. Toolkit for Empanelment in Teaching Clinics. San Francisco: UCSF Center for Excellence in Primary Care; 2018.
Accessed at https://cepc.ucsf.edu/sites/cepc.ucsf.edu/files/Toolkit%20_Empanelment%2018-0829.pdf on 21 October 2019.

Safety Net Medical Home Initiative. Right Panel Size. Accessed at www.safetynetmedicalhome.org/sites/default/files/Right-Size-Panel.xls on 21 October
2019.

Safety Net Medical Home Initiative. Empanelment. Establishing Patient-Provider Relationships. May 2013. Accessed at www.safetynetmedicalhome.org
/sites/default/files/Implementation-Guide-Empanelment.pdf on 21 October 2019.

Murray M, Davies M, Boushon B. Panel size: how many patients can one doctor manage? Fam Pract Manag. 2007;14:44-51. [PMID: 17458336]
Newman S, Nguyen D, Fisher T, et al. CP3 Population Health Toolkit. From volume to value: supporting care delivery transformation in the safety net.

Oakland: Center for Care Innovations; 2017. Accessed at www.careinnovations.org/wp-content/uploads/CCl-Population-Health-Toolkit.pdf on 21 Octo-
ber 2019.

UMass Panel Design Spreadsheet. Accessed at https://people.umass.edu/hbalasub/PanelDesignSpreadsheet.xlsx on 21 October 2019.

No outcome of interest (n = 3)

Chien AT, Kyle MA, Peters AS, et al. Establishing teams: how does it change practice configuration, size, and composition? J Ambul Care Manage.
2018;41:146-55.[PMID: 29474254] doi:10.1097/JAC.0000000000000229

Dai M, Ingham RC, Peterson LE. Scope of practice and patient panel size of family physicians who work with nurse practitioners or physician assistants.
Fam Med. 2019;51:311-8. [PMID: 30973618] doi:10.22454/FamMed.2019.438954

Poghosyan L, Liu J, Norful AA. Nurse practitioners as primary care providers with their own patient panels and organizational structures: a cross-sectional
study. Int J Nurs Stud. 2017;74:1-7. [PMID: 28577459] doi:10.1016/j.ijnurstu.2017.05.004

Duplicate (n = 2)
Balasubramanian H, Denton B, Lin QM. Managing physician panels in primary care. In: Yih Y, ed. Handbook of Healthcare Delivery Systems. Boca Raton,

FL: CRC Pr; 2011. Accessed at https://btdenton.engin.umich.edu/wp-content/uploads/sites/138/2014/07/Balasubramanian-Handbook-2009.pdf on 21
October 2019.

Mayo-Smith MF, Frisbee K, Harvey C, et al. Relationship of primary care panel size and healthcare outcomes in the VA. J Gen Intern Med. 2006;21:123.

Commentary (n = 1)
Keller AO. Does team-based task delegation affect patient panel size for primary care providers? J Am Acad Physician Assist. 2015;28.

Full text unavailable (n = 1)

Danforth KN, Slezak JM, Chen LH, et al. Risk factors for care-gaps in abnormal lab results follow-up within a large integrated health system. Diagnosis.
2017;4:eA118-eA119.

Nonsystematic review (n = 1)

Ahmadi-Javid A, Jalali Z, Klassen KJ. Outpatient appointment systems in healthcare: a review of optimization studies. Eur J Oper Res. 2017;258:3-34.
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