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BACKGROUND: There is significant promise in analyzing
physician patient-sharing networks to indirectly measure
care coordination, yet it is unknown whether these mea-
sures reflect patients’ perceptions of care coordination.
OBJECTIVE: To evaluate the associations between
network-based measures of care coordination and
patient-reported experience measures.
DESIGN: We analyzed patient-sharing physician net-
works within group practices using data made available
by the Centers for Medicare and Medicaid Services.
SUBJECTS: Medicare beneficiaries who provided re-
sponses to the Consumer Assessment of Healthcare Pro-
viders and Systems (CAHPS) Survey in 2016 (data aggre-
gated by physician grouppracticemade available through
the Physician Compare 2016 Group Public Reporting).
MAIN MEASURES: The outcomes of interest were
patient-reported experience measures reflecting aspects
of care coordination (CAHPS). The predictor variables of
interests were physician group practice density (the num-
ber of physicianpairs who share patients adjusting for the
total number of physicianpairs) and clustering (the extent
to which sets of three physicians share patients).
KEY RESULTS: Four hundred seventy-six groups had
patient-reported measures available. Patients’ perception
of “Clinicians working together for your care” was signifi-
cantly positively associated with both physician group
practice density (Est (95 % CI) = 5.07(0.83, 9.33), p =
0.02) and clustering (Est (95%CI) = 3.73(1.01, 6.44), p =
0.007). Physician group practice clustering was also sig-
nificantly positively associated with “Getting timely care,
appointments, and information” (Est (95 % CI) =
4.63(0.21, 9.06), p = 0.04).
CONCLUSIONS: This work suggests that network-based
measures of care coordination are associated with some
patient-reported experience measures. Evaluating and
intervening on patient-sharing networks may provide
novel strategies for initiatives aimed at improving quality
of care and the patient experience.
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INTRODUCTION

Optimizing care coordination is a cornerstone to efforts aimed
at improving patient care.1 Despite strong consensus that
improving care coordination is a high priority, robust measures
of care coordination are lacking, making assessment of the
efficacy of improvement strategies a challenge.2 Agreement
on measure(s) has been a key issue for researchers and policy-
makers due to the various definitions and diverse stakeholders
involved.
Physician patient-sharing networks hold significant promise

in offering a quantitative, scalable approach for indirectly
measuring care coordination by defining relationships be-
tween physicians based on shared patients observed in admin-
istrative data.3–9 This approach has the potential to uncover
how otherwise latent organizational aspects of health care
systems impact patient outcomes. The extent of patient-
sharing relationships within physician networks (e.g., the net-
work density) has been associated with care utilization, cost of
care, and somemeasures of care quality.3, 8–17 A key challenge
to this approach is how the various measures used to describe
these networks infer the complex realities of health care de-
livery. While patient sharing has been validated to signal true
professional relationships between physicians from the physi-
cian’s perspective, 18 it is unknown whether these measures
reflect patients’ perceptions of their own care coordination.
The objective of this study was to evaluate whether network

measures reflecting the extent of patient sharing among phy-
sicians correlate with patient-reported experience measures
included in the Consumer Assessment of Healthcare Providers
and Systems (CAHPS) survey. To this end, this study assessed
two network measures hypothesized to capture aspects of care
coordination: (i) network density, the number of observed
patient-sharing relationships between physicians adjusting
for total number of physician pairs, and (ii) network clustering,
the extent to which sets of three physicians share patients.
Increased patient sharing among physicians within a group is
posited to facilitate care coordination by (i) increasing
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physician awareness and familiarity with the care provided to
their patients by other physicians, (ii) providing more oppor-
tunities for the sharing of information and working together,
and (iii) informally establishing common referral pathways to
support timely care. We hypothesized that physician group
practices with greater network density and network clustering
would have higher reported scores for patient experience
measures related to care coordination. This is the first study
to examine associations between patient-sharing network
measures and patients’ perceptions of their care experience.
A better understanding of the real-world interpretations of
these physician network measures from various stakeholders’
perspectives is essential for translating data-driven findings to
the clinical setting to improve patient care.

METHODS

Data Sources

To conduct this study, we linked three publicly available data
sources released by Centers for Medicare and Medicaid Ser-
vices (CMS) that include data on physician-patient sharing in
2015 (https://www.cms.gov/Regulations-and-Guidance/Leg-
islation/FOIA/Referral-Data-FAQs.html), physician participa-
tion in a group practice, and patient-reported quality perfor-
mance for group practices in 2016 (https://data.medicare.gov/
data/physician-compare).
The Physician Shared Patient Patterns Data lists health care

providers who participate in the delivery of health services to
the same Medicare beneficiary within specific time intervals
(30 days, 60 days, 90 days, and 180 days). It reports the
number of patients each physician pair (i.e., physician dyad)
shared within the specified time interval. These data are pre-
sented as a directed graph, which indicates the sequence in
which the patients were seen by the physicians in each dyad.
We used the Physician Shared Patient data for 2015 to create
directed physician networks for which ties between physicians
indicate shared patients within 30 or 180 days.
To identify whether a physician belongs to a group

practice, we took advantage of the Physician Compare
National Downloadable File which contains general infor-
mation about individual eligible health care professionals
including specialty and group practice membership. To be
listed on Physician Compare, a physician or other clini-
cian must have “approved” status in Medicare Provider
Enrollment, Chain, and Ownership System, have a spe-
cialty and at least one practice address listed, and submit
at least one Fee-For-Service Medicare claim within the
previous 6 months. Group affiliation, as displayed on
Physician Compare, is determined through a physician’s
or other clinician’s benefit reassignment.
For the outcome measures of patient experience, we used

the Consumer Assessment of Healthcare Providers and Sys-
tems (CAHPS) for Physician Quality Reporting System
(PQRS) measure performance rates reported as part of the

Physician Compare 2016 Group Public Reporting data
(dataset updated on May 17, 2018). Public reporting of these
measures was required for group practices of 100 or more
eligible providers and optional for group practices of 2–99
eligible providers via a certified CAHPS vendor.
We also assessed socioeconomic and geographic factors

that could potentially confound the relationships between
physician networks and the patient experience measures. We
obtained the 2016 5-year estimate of percent living below the
poverty level for each ZIP code tabulation area (ZCTA) from
the American Community Survey data released by the Census
Bureau. We linked the ZTCA to ZIP code using a crosswalk
and each ZIP code was categorized as urban or non-urban
using the 2010 rural-urban commuting area (RUCA) codes.
Urban ZIP codes were defined as RUCA code 1 and non-
urban ZIP codes was defined as RUCA codes 2–4 (corre-
sponding to suburban, large rural town, and small
town/isolated).

Physician Network Analysis

Edges between physicians were defined as two physicians
having at least one clinical encounter with the same patient.
We evaluated physician networks based on patient sharing
within 30 days or 180 days. The sub-networks of physicians
within group practices were analyzed to calculate two network
measures hypothesized to capture aspects of care
coordination:

Network density: The density of the network was calculated
within each group practice and is determined by the number
of observed patient-sharing ties between physician pairs
adjusting for the total number of possible pairs. The values
range from 0 to 1, with 0 indicating an empty network (no
observed ties) and 1 indicating a completely connected
network.
Network clustering (also known as transitivity): The global
clustering coefficient was calculated within each group
practice, and this measure is thought to capture teamwork
by considering the patient-sharing connections among sets of
three physicians. The global clustering coefficient is distinct
from density because it is based on triplets of nodes instead
of pairs. It is defined as the number of closed triplets (that is,
triangles) adjusting for the total number of triplets in the
network (open and closed). In this context, a triangle would
occur when three physicians all share patients with each
other. The global clustering coefficient values range from 0
to 1, with 0 indicating a network with no observed triplets
and 1 representing a network where all triplets are closed.

Network analysis was performed using the igraph pack-
age19 in the R software environment.20 The networks were
visualized using the Kamada-Kawai force-directed algo-
rithm, which positions nodes to provide a graph with
relatively uniform edge length, vertex distribution, and
symmetry.21

Moen et al.: Physician Networks and Care CoordinationJGIM 2483

https://www.cms.gov/Regulations-and-Guidance/Legislation/FOIA/Referral-Data-FAQs.html
https://www.cms.gov/Regulations-and-Guidance/Legislation/FOIA/Referral-Data-FAQs.html
https://data.medicare.gov/data/physician-compare
https://data.medicare.gov/data/physician-compare


Study Variables

The outcome measures were obtained from the 2016 Phy-
sician Compare Group Public Reporting Data on patient
experience within the physician group practices. These
data include eight summary survey measures: (1) Between
visit communication; (2) Clinicians working together for
your care; (3) Getting timely care, appointments, and
information; (4) how well clinicians communicate; (5)
Health promotion and education; (6) Attention to patient
medicine cost; (7) Patients’ rating of clinicians; (8) Cour-
teous and helpful office staff. This study focused on the
measures related to patients’ perceptions of their care
coordination (measures 1–3). The measures are reported
as “top box scores” (0–100) representing the percentage of
responses in the most positive response categories. Table 1
includes the survey questions that inform the patient ex-
perience summary measures evaluated in this study (ob-
tained from https://www.pqrscahps.org/globalassets/
table%2D%2D1-cahps-for-pqrs-12-ssm_corresponding-
questions.pdf).
Other group practice characteristics evaluated in this study

were based on aggregated data from the Physician Compare
National Downloadable File: number of physicians per group,
proportion of PCPs per group, proportion male physicians per
group, and the count of patients who reported the patient
experience measure. The number of physicians and number
of patients who reported the patient experience measure per
group were categorized into tertiles (e.g., “small,” “medium,”
and “large”).
Using ZIP code–level Census Bureau data to obtain a

measure of poverty at the physician group level, we calculated
the mean poverty score across all ZIP codes associated with
physician practice locations within each group. We also cate-
gorized physician groups as either urban or non-urban based
on the RUCA tier of the majority of physicians’ practice
locations within each group.

Statistical Analyses

Associations between physician group practice network mea-
sures and study variables were assessed with linear regression
models. Multivariable linear models were then used to evalu-
ate the associations between physician network measures and
patient experience measures adjusting for other physician
group practice characteristics. The network-based measures
of care coordination were lagged 1 year behind the outcome
variables rather than performing cross-sectional analysis. This
approach improves our ability to interpret any associations as
more likely related to a causal process than a mechanical
association induced by observing the network and patient
experience in the same year.

RESULTS

There were 476 physician groups that had reported patient
experience measures in the Physician Compare 2016 Group
Public Reporting file. The physician groups span all 50 states.
Table 2 summarizes the distribution of the physician group
practice characteristics and the performance rate “top box”
scores for the three patient experience measures related to care
coordination.
Physician groups varied in both density and clustering.

Examples of variations in physician network structures within
groups based on the 30-day patient-sharing network are illus-
trated in Figure 1. While all three groups shown have relative-
ly similar numbers of physicians in the network, the number
and configuration of patient-sharing ties within the groups lead
to considerably distinct network structures. Physician groups
A and B have the same level of clustering, but group A has
greater density and forms one densely connected hub of phy-
sicians. Physician group B, with lower density, has tightly knit
sub-groups within the practice group. Physician groups B and
C have the same low density, but the lower clustering in group

Table 1 Questions Included in the CAHPS Survey Patient Experience Measures Evaluated in This Study

Summary survey measure Question(s) included in the measure

Between visit communication In the last 6 months, did this provider’s office contact you to remind you to make an appointment for tests or
treatment?

Clinicians working together for your
care

When you visited this provider in the last 6 months, how often did he or she have your medical records?
In the last 6 months, when this provider ordered a blood test, x-ray, or other test for you, how often did
someone from this provider’s office follow up to give you those results?
In the last 6 months, how often did you and anyone on your health care team talk about all the prescription
medicines you were taking?

Getting timely care, appointments, and
information

In the last 6 months, when you phoned this provider’s office to get an appointment for care you needed right
away, how often did you get an appointment as soon as you needed?
In the last 6 months, when you made an appointment for a check-up or routine care with this provider,
how often did you get an appointment as soon as you needed?
In the last 6 months, when you phoned this provider’s office during regular office hours,
how often did you get an answer to your medical question that same day?
In the last 6 months, when you phoned this provider’s office after regular office hours,
how often did you get an answer to your medical question as soon as you needed?
Wait time includes time spent in the waiting room and exam room. In the last 6 months,
how often did you see this provider within 15 minutes of your appointment time?

Moen et al.: Physician Networks and Care Coordination JGIM2484

https://www.pqrscahps.org/globalassets/table%2D%2D1-cahps-for-pqrs-12-ssm_corresponding-questions.pdf
https://www.pqrscahps.org/globalassets/table%2D%2D1-cahps-for-pqrs-12-ssm_corresponding-questions.pdf
https://www.pqrscahps.org/globalassets/table%2D%2D1-cahps-for-pqrs-12-ssm_corresponding-questions.pdf


C is a reflection of the less tightly knit sub-networks. The
Spearman rank correlations between the network-based care
coordination measures and patient experience measures are
plotted in Figure 2. In bivariate analyses, physician group
clustering was positively associated with “Getting timely care,
appointments, and information” (p = 0.004).
Table 3 presents the associations between the 30-day pa-

tient-sharing physician network measures and the other group
practice characteristics. Physician groups with greater density
were smaller (p < 0.001), were non-urban (p < 0.001), had a
higher proportion of male physicians (p < 0.001), and had
more patients (p = 0.002). Physician groups with greater clus-
tering were also smaller (p < 0.001), were non-urban
(p < 0.001), had a higher proportion of PCPs (p = 0.01) and
male physicians (p < 0.001), and had more patients
(p < 0.001).

Table 4 reports the adjusted estimated effects of physician
group practice characteristics with patient-reported experience
measures. Model 1 estimates the associations between the
non-network-based group practice characteristics and
patient-reported experience measures. Physician groups with
higher scores for “Between visit communication” had a greater
proportion of PCPs (p = 0.004), a lower proportion of male
physicians (p = 0.03), and fewer patients (top tertile compared
with bottom tertile, p = 0.03). Groups with higher scores for
“Clinicians working together for your care” had a lower pro-
portion of male physicians (p = 0.03). Groups with higher
scores for “Getting timely care, appointments, and informa-
tion” had lower poverty (p = 0.01) and were more likely to be
in an urban setting (p = 0.004).
We then estimated the adjusted effects of the 30-day patient-

sharing physician network density and clustering on patient

Table 2 Physician Proup Practice Characteristics

Characteristic Across physician groups

Mean (SD) (N = 476) Median (IQR) Range (Min, Max)

Predictors
Density 0.11 (0.12) 0.08 (0.04, 0.15) 0, 1
Clustering 0.48 (0.15) 0.49 (0.39, 0.57) 0, 1
Size (number of physicians) 396 (470) 219 (131, 471) 5, 3734
Male sex, % 53 (8) 52 (47, 57) 23, 80
Primary care, % 24 (15) 22 (14, 31) 0, 82
RUCA tier, n
Urban 433 N/A N/A
Non-urban 42 N/A N/A

Percent below poverty level 14 (4) 14 (11, 17) 2.6, 31.4
Patient count 185 (35) 190 (161, 207) 88, 296

Outcomes
Between visit communication 57.9 (7.3) 58 (53, 63) 38, 80
Clinicians working together for your care 75.4 (3.4) 76 (73, 78) 56, 85
Getting timely care, appointments, and information 58.9 (6.1) 59 (55, 63) 31, 76

Outcome measures represent top box scores. 35 physician groups were missing scores for “Between visit communication,” 33 groups were missing
scores for “Clinicians working together for your care,” and 47 groups were missing scores for “Getting timely care, appointments, and information.”
Patient count represents the number of patients reporting the experience measures per group. SD, standard deviation; IQR, interquartile range

Figure 1 Illustrations of physician group practice networks. Each node (circle) in the network represents a physician and the edges (lines)
between nodes indicate shared patients.
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experience measures in separate models (Table 4, models 2a
and 2b, respectively). We found physician network density
was positively associated with patients’ perception of “Clini-
cians working together for your care” (p = 0.02). Physician
network clustering was positively associated with “Clinicians
working together for your care” (p = 0.007) and “Getting
timely care, appointments, and information” (p = 0.04). Nei-
ther physician network density nor clusteringwas significantly
associated with “Between visit communication”.

Model 3 in Table 4 reports the adjusted estimated relation-
ships between group practice characteristics and patient expe-
rience measures for the model including both network density
and clustering. Physician groups with greater levels of clus-
tering showed higher scores for “Clinicians working together
for your care” (p = 0.05), but the association with “Getting
timely care, appointments, and information” was slightly at-
tenuated (p = 0.06). The association between network density
and “Clinicians working together for your care” was not
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Figure 2 Correlations between physician group practice density and clustering and patient experience measures. Correlations were measured
using Spearman’s rho (r).

Table 3 Associations between Network-Based Care Coordination Measures and Physician Group Practice Characteristics.

Group practice characteristic Density Clustering

Est (95% CI) p value Est (95% CI) p value

Practice size
Small (5–155 providers) Referent – Referent –
Medium (156–328 providers) − 0.10 (0.07, 0.12) < 0.001 − 0.02 (− 0.05, 0.01) 0.13
Large (329–3734 providers) − 0.15 (− 0.12, − 0.17) < 0.001 − 0.12 (− 0.15, − 0.09) < 0.001

Proportion PCP 0.02 (− 0.05, 0.10) 0.53 0.12 (0.02, 0.21) 0.01
Proportion male 0.33 (0.20, 0.45) < 0.001 0.39 (0.24, 0.55) < 0.001
RUCA tier
Urban Referent – Referent –
Non− urban 0.10 (0.06, 0.13) < 0.001 0.08 (0.03, 0.13) < 0.001

Percent below poverty 0.001(− 0.002, 0.003) 0.57 − 0.0004 (− 0.003, 0.003) 0.79
Patient count
Low Referent – Referent –
Medium 0.01 (− 0.01, 0.04) 0.24 0.05 (0.02, 0.08) 0.004
High 0.04 (0.01, 0.06) 0.002 0.07 (0.03, 0.10) < 0.001

Est, estimate; CI, confidence interval. The estimates represent the change in the expected value of the physician network measure with a 1-unit increase
in the predictor
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detected when network clustering was included in the model
(p = 0.36). The significant associations between the non-
network group practice characteristics and patient experience
measures observed in model 1 were robust to the inclusion of
physician network density and clustering.
Finally, we hypothesized that patient sharing within 30 days

was more likely to detect meaningful physician relationships,
and therefore more likely to influence the patient experience,

compared with the patient sharing within 180 days. We exam-
ined the associations between group practice density and
clustering based on the 180-day patient-sharing network and
the patient experience measures (Appendix Table 1, online).
We found that groups with higher scores for “Clinicians work-
ing together for your care” had higher network density
(Est (95 %CI) = 4.59 (0.48, 8.70), p = 0.03) and clustering
(Est (95 % CI) = 3.03 (0.22, 5.85), p = 0.03). However, we

Table 4 Adjusted Relationships between Study Variables and Patient Experience Measures

Model 1
Non-network group practice
characteristics
Estimate (SE)

Model 2a
Predictors in (1) +
density
Estimate (SE)

Model 2b
Predictors in (1) +
clustering
Estimate (SE)

Model 3
All
Estimate (SE)

Between visit communication, mean (sd) = 57.9 (7.3)
Density N/A − 1.22 (− 10.08, 7.63) N/A 0.02 (− 11.51, 11.48)
Clustering N/A N/A − 4.83 (− 10.35, 0.70) − 4.82 (− 11.00, 1.36)
Practice size
Small Referent Referent Referent Referent
Medium − 0.63 (− 2.38, 1.12) − 0.72 (− 2.58, 1.14) − 0.63 (− 2.39, 1.12) − 0.64 (− 2.52, 1.25)
Large 0.27 (− 1.59, 2.11) 0.11 (− 2.05, 2.27) − 0.12 (− 2.04, 1.81) − 0.12 (− 2.32, 2.09)

Proportion PCP 7.78 (2.46, 13.10)** 7.66 (2.26, 13.06)** 8.24 (2.88, 13.59)** 8.24 (2.82, 13.66)**
Proportion male − 10.14 (− 19.27, − 1.02)* − 9.87 (− 19.21, − 0.53)* − 8.27 (− 17.59, 1.06) − 8.26 (− 17.79, 1.26)
RUCA tier
Urban Referent Referent Referent Referent
Non-urban 1.00 (− 1.48, 3.49) 1.05 (− 1.46, 3.55) 1.18 (− 1.31, 3.66) 1.18 (− 1.34, 3.69)

Percent below
poverty

− 0.01 (− 0.17, 0.15) − 0.01 (− 0.17, 0.15) − 0.02 (− 0.18, 0.14) − 0.02 (− 0.18, 0.14)

Patient count
Low Referent Referent Referent Referent
Medium − 2.44 (− 4.17, − 0.71)** − 2.42 (− 4.16, − 0.68)** − 2.29 (− 4.03, − 0.56)** − 2.29 (− 4.03, − 0.55)**
High − 1.95 (− 3.69, − 0.20)* − 1.92 (− 3.68, − 0.16)* − 1.82 (− 3.58, − 0.06)* − 1.82 (− 3.58, − 0.05)*

Clinicians working together for your care, mean (sd) = 75.4 (3.4)
Density N/A 5.08 (0.83, 9.33)* N/A 2.55 (− 2.87, 7.98)
Clustering N/A N/A 3.73 (1.01, 6.44)** 3.08 (0.05, 6.12)*
Practice size
Small Referent Referent Referent Referent
Medium − 0.64 (− 1.53, 0.25) − 0.26 (− 1.20, 0.68) − 0.53 (− 1.42, 0.35) − 0.37 (− 1.32, 0.57)
Large 0.92 (− 0.03, 1.87) 1.58 (0.49, 2.67)** 1.34 (0.35, 2.32)** 1.58 (0.47, 2.68)**

Proportion PCP − 0.02 (− 2.70, 2.73) 0.58 (− 2.16, 3.32) 0.12 (− 2.59, 2.84) 0.33 (− 2.42, 3.08)
Proportion male − 5.22 (− 9.91, − 0.54)* − 6.63 (− 11.43, − 1.82)** − 6.69 (− 11.49, − 1.89)** − 7.19 (− 12.10, − 2.28)**
RUCA tier
Urban Referent Referent Referent Referent
Non− urban − 0.82 (− 2.06, 0.42) − 0.95 (− 2.18, 0.29) − 0.85 (− 2.08, 0.38) − 0.91 (− 2.15, 0.32)

Percent below
poverty

− 0.01 (− 0.09, 0.07) − 0.01 (− 0.10, 0.07) − 0.01 (− 0.09, 0.08) − 0.01 (− 0.09, 0.08)

Patient count
Low Referent Referent Referent Referent
Medium 0.86 (− 0.03, 1.75) 0.82 (− 0.07, 1.70) 0.75 (− 0.13, 1.64) 0.76 (− 0.12, 1.65)
High 0.69 (− 0.21, 1.59) 0.63 (− 0.27, 1.52) 0.58 (− 0.31, 1.48) 0.57 (− 0.32, 1.47)

Getting timely care, appointments, and information, mean (sd) = 58.9 (6.1)
Density N/A 4.12 (− 1.16, 9.81) N/A − 0.57 (− 8.50, 7.37)
Clustering N/A N/A 4.63 (0.21, 9.06)* 4.80 (− 0.19, 9.79)
Practice size
Small Referent Referent Referent Referent
Medium − 0.11 (− 1.58, 1.36) 0.44 (− 1.07, 1.95) 0.29 (− 1.15, 1.74) 0.26 (− 1.26, 1.78)
Large − 0.23 (− 1.79, 1.34) 0.33 (− 1.38, 2.03) 0.35 (− 1.24, 1.93) 0.30 (− 1.44, 2.04)

Proportion PCP 0.76 (− 3.72, 5.24) 1.60 (− 2.77, 5.98) 1.51 (− 2.88, 5.90) 1.49 (− 2.92, 5.90)
Proportion male 5.95 (− 1.97, 13.86) 4.94 (− 2.81, 12.70) 4.39 (− 3.50, 12.27) 4.46 (− 3.51, 12.44)
RUCA tier
Urban Referent Referent Referent Referent
Non− urban − 3.16 (− 5.29, − 1.02)** − 3.27 (− 5.35, − 1.19)** − 3.18 (− 5.25, − 1.10)** − 3.16 (− 5.25, − 1.06)**

Percent below
poverty

− 0.18 (− 0.32, − 0.04)* − 0.16 (− 0.29, 0.02)* − 0.15 (− 0.29, − 0.01)* − 0.15 (− 0.29, − 0.01)*

Patient count
Low Referent Referent Referent Referent
Medium − 0.43 (− 1.91, 1.06) − 0.67 (− 2.11, 0.78) − 0.83 (− 2.29, 0.62) − 0.84 (− 2.30, 0.62)
High 1.09 (− 0.42, 2.60) 0.86 (− 0.61, 2.34) 0.71 (− 0.76, 2.19) 0.71 (− 0.77, 2.19)

The estimates represent the change in the expected value of the patient experience measure with a 1-unit increase in the predictor. The effect size can be
assessed by comparing the size of the estimate with the standard deviation of the experience measure. SE, standard error; sd, standard deviation.
*p < 0.05; **p < 0.01
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no longer observed a significant association between “Getting
timely care, appointments, and information” and network
clustering.

DISCUSSION

Patient-sharing between physicians can be considered as edges
in a network, and the structure of these networks can act as
facilitators or barriers to care coordination and the patient
experience. The aim of this study was to determine whether
the extent of patient-sharing among physicians reflects pa-
tients’ perceived care experience. We observed that physician
group practices with better scores for “Clinicians working
together for your care” had higher network density and net-
work clustering. We also found that physician group practices
with better scores for “Getting timely care, appointments, and
information” had higher network clustering. These results
indicate that physician networks constructed using adminis-
trate data on shared patients are likely detecting care patterns
with meaningful impact on patient experience in addition to
the previously demonstrated relationships with quality and
costs.3, 8–17

Our study suggests that physician network clustering
may have a stronger relationship with patient experience
measures compared with density. Increased patient-
sharing relationships among sets of three physicians with-
in a practice would lead to greater levels of clustering and
may reflect referral relationships or multidisciplinary care
teams that facilitate timely scheduling of appointments,
the sharing of medical records, and coordination of pre-
scription medicines. That is, enhancing patient-sharing
patterns which encourage tightly knit sub-groups of phy-
sicians in the practice would be more likely to have a
positive impact on the patient experience rather than in-
creasing patient-sharing across the entire practice. We also
observed that the proportion of PCPs in the group practice
was the only study variable associated with clustering and
not density, suggesting PCPs may specifically enhance the
sharing of patients among teams of three physicians. A
future extension of this work could be to explore the
degree to which higher clustering reflects greater multi-
disciplinary care versus greater within-specialty patient-
sharing. Initiatives aiming to improve care coordination
may benefit from considering how existing provider rela-
tionships are organized around patient care. For example,
community detection in physician networks has been used
to identify groups of physicians who may be best suited to
become an accountable care organization based on natu-
rally occurring patient-sharing relationships.22

Other group practice characteristics were also found to be
associated with patient experience measures. We found that
better scores for “Between visit communication” were ob-
served with physician groupswith higher proportions of PCPs,
suggesting that the offices of PCPs may be more likely to have

effective asynchronous care. We also found that group prac-
tices in non-urban areas and with higher poverty had lower
scores for “Receiving timely care, appointments, and informa-
tion.” This finding is concordant with other research evaluat-
ing barriers to access to care in lower socioeconomic or rural
areas.23

We explored whether the time frame used to define an edge
between physicians in the patient-sharing network impacted
the associations between network measures and the patient
experience measures. The associations between network den-
sity and clustering and “Clinicians working together for your
care” was observed when evaluating both the 30-day and the
180-day patient-sharing networks, suggesting that there may
be established patient-sharing patterns utilized over shorter
and longer time frames within group practices that facilitate
coordination among physicians. However, we found that the
relationship between “Getting timely care, appointments, and
information”was observedwhen analyzing the 30-day, but not
180-day, patient-sharing network. That is, the signal was lost
when the time frame used to determine a network edge was
increased. It is possible that a network with more patient
sharing within 30 days facilitates efficient referrals and in-
creases the likelihood for patients to report receiving timely
care.
This study has several limitations. First, the patient experi-

ence measures were aggregated by physician group practice,
and wewere unable to account for patient clinical factors, such
as disease severity, that could impact care experiences and
perceptions of care coordination. However, if we posit that
patients with more severe disease (i) are at a higher risk of
receiving less coordinated care and (ii) see a greater number of
physicians and therefore lead to more patient-sharing relation-
ships among physicians in the group, we believe that lacking
these data biases towards the null. Second, we were not able to
evaluate patient care density, a network-based care coordina-
tion measure reflective of the amount of shared patients among
the set of physicians caring for an individual patient.3 Third,
these networks were not constructed around a specific condi-
tion. Patient-sharing networks based on the care of patients
with a specific condition, and the network position of individ-
ual physicians or specialties within these networks, may be
more amenable for detecting larger effects on the patient
experience. Fourth, the physician networks and patient-
reported outcomes are specific to Medicare beneficiaries and
may not be generalizable to the care of patients less than
65 years of age or in managed care. Finally, due to the
observational study design, our results cannot be interpreted
as causal.
In conclusion, this study suggests that the extent of patient

sharing within physician networks constructed usingMedicare
claims relates to the quality of the patient experience. Re-
searchers and policy-makers may consider evaluating or inter-
vening on the patient-sharing networks within physician
groups when designing potential strategies for group practices
to optimize care coordination.
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