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Using administrative data to measure the extent
to which practitioners work together: “interconnected”
care is common in a large cohort of family physicians
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ABSTRACT

Background: Health care practitioners in jurisdictions around the world are encouraged to work in groups. The extent
to which they actually do so, however, is not often measured. The purpose of this paper is to demonstrate the potential
for administrative data to measure how practitioners are interconnected through their care of patients. Our example
examined the interconnected care provided by family physicians.

Methods: We defined a physician as being “interconnected” with another physician if these 2 physicians provided at
least 1% of their clinic visits over a 2-year period to the same patients. We examined a cohort of 2945 primary care
physicians in 309 Family Health Networks and Family Health Groups in Ontario, Canada, in 2005/06. In total, 9.3
million physician visits for 2.1 million patients were studied. For each group practice we calculated the number of
interconnected physicians.

Results: Physicians had, on average, 2.2 interconnected physician partners (median = 1; 25th and 775th percentile: o,
3). Physicians saw mainly their own listed patients, and 7.9% (median = 5.9%; 25th and 75th percentile: 2.4%, 11.6%)
of their visits were provided to patients of their interconnected partners. The number of interconnected physicians
was higher in group practices that had more physicians, but levelled to 2.5 interconnected physicians in practices with
8 or 9 physicians.

Interpretation: Routinely collected administrative data can be used to examine how health care is organized and de-
livered in groups or networks of practitioners. This study’s concept of interconnected care provided by primary care
physicians within groups could be expanded to include other practitioners and, indeed, entire health care systems
using more complex network analysis methods.
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OLLABORATIVE PRACTICE” AND “SHARED CARE”
are among the terms that describe care pro-
vided by practitioners working together."* At

(14

the centre of most collaborative relationships is the care
provided to individual patients. The extent to which pro-
viders actually work together to provide care to the same
patients—what we define as “interconnected care”—is

not often measured or examined. This study sought to
examine whether large administrative databases can be
used to examine interconnected care.

Studies that examine how health care professionals
work together have shown improved patient outcomes,
safety and health professional satisfaction.3™® Interven-
tion studies to improve collaborative practice have shown
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similar findings.”® To date, collaborative practice has
been shown to improve outcomes in a variety of specific
areas, including geriatrics, emergency department care,
adult immunization, hip fracture and neonatal ICU care.
We describe the extent of interconnected care among pri-
mary care physicians in Ontario group practices. We rec-
ognize that collaboration in health care extends beyond
the care provided by physicians; indeed, the recent em-
phasis on interprofessional care has at its core the concept
of two or more health professions working together. Our
intention was to demonstrate how administrative data
could be used to identify the degree of linkage among pri-
mary care physicians, which in turn could serve as a re-
source for other studies of interprofessional care.

Interconnected care could also provide a building
block for the examination of health care delivery from a
network perspective. “Network medicine” is a new term
that describes health as complex interconnected systems.
Advocates of this approach argue that networks will even-
tually “affect all aspects of medical research and practice,”
in large part because networks appear ubiquitous and new
perspectives on health emerge once seemingly separate
information is mapped together and examined.” Current-
ly, network medicine has focused on describing disease
within 3 linked, interconnected layers: cellular processes;
disease development and interaction; and social inter-
action. Surprisingly, a missing perspective of network
medicine is health care delivery. At first glance, health
care seems to be well suited to a network approach, by
which services are provided through an array of providers
and facilities within what is often described as a “complex
system.” Having a way to connect the various parts of a
system is the most important prerequisite for network
analysis, and interconnected patient care is a logical and
meaningful way to envision connections in network an-
alysis of health care delivery.

This study, therefore, had three objectives: (1) To dem-
onstrate the feasibility of using administrative data to
describe the amount of interconnected care that takes
place between primary care physicians. (2) To count the
number of “interconnected” physicians in each group
practice. (“Interconnection” was defined as 2 physicians
in a group who separately provided a defined proportion
of their physician—patient visits to the same individual
patients.) (3) To examine whether the number of inter-
connected partners varied according to the number of
physicians in the group practice.

Method

Physicians and their practices. The study base includ-
ed all primary care physicians in Ontario who practised
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within a Family Health Group (FHG) or Family Health
Network (FHN) on 1 September 2005. FHGs and FHNs
are groups of physicians who enter into a contractual
arrangement with the Ontario Ministry of Health and
Long-Term Care to work in teams, develop interdisci-
plinary practices, and implement a common approach
to after-hours and weekend care.'™" At the time of the
study, most FHGs and FHNs represented long-standing
group practices that had entered into new formal agree-
ments to become FHGs and FHNs with the Ministry of
Health and Long-term Care. FHGs and FHNs eligible
to be part of the study cohort had at least 3 but fewer
than 49 physicians registered in the group for the per-
iod 1 September 2005 to 31 August 2006. We excluded
physicians who did not have active patient rosters or who
provided fewer than 100 visits to listed patients per year.

Patients and their physician visits. In FHG and FHN
groups, patients are listed to individual physicians by
means of a signed consent form. The study included
all patients who were listed continuously through the
study period. All clinic visits to group physicians were
included.

Data sources and definitions. Data for this analysis were
accessed through a comprehensive agreement with the
Ontario Ministry of Health and Long-Term Care. Phys-
icians and their group practices were identified using the
Corporate Provider Database, current to March 2007.
Physician demographic information was accessed using
the Institute for Clinical Evaluative Sciences Physician
Database. Patient lists for FHGs and FHNs were iden-
tified using Client Agency Program Enrolment tables
from 1 Sept. 2005 to 31 Aug. 2006. Ontario’s Registered
Persons Database, the province’s health care registry
of all persons covered by the Ontario Health Insurance
Program (OHIP), was accessed for patient age, sex and
place of residence. Physician billing claims to OHIP were
extracted to identify services provided in offices, as op-
posed to other settings such as home and long-term-care
facilities.

Prior to data analysis, all patient and provider identi-
fiers were removed and replaced with unique encrypted
numbers. The study was approved by the Research Eth-
ics Board of Sunnybrook Health Sciences Centre in To-
ronto, Ontario.

Analysis. The analysis was performed in 3 steps. First,
we determined the number of unique patient—physician
visits that took place during the study period. Second, we
calculated the number of visits that occurred between
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a given patient and all of the physicians in the FHG or
FHN of which the patient’s family physician was a mem-
ber. Finally, we looked at how physicians within a FHG
or FHN were connected with respect to seeing each
other’s patients.

In the first step of our analysis we aggregated our data
from billing data into unique physician—patient visits by
keeping only one billing per patient per physician per
day. This defined our measure of analysis, which was a
physician—patient visit.

Step 2 of our analysis summed the total number of pa-
tient visits to each physician in the FHG or FHN during
the study period. For example, Step 1 might identify a
patient who had 10 physician—patient visits to a unique
group practice. Step 2 would count the number of vis-
its that patient had with each physician in the practice
during the study period. Typically, a patient’s regular
primary care physician would provide most of the visits
(e.g., 9 of 10 visits were with physician A), and the re-
maining visits would be provided by others physicians
within the group practice (say, 1 of the 10 visits was with
physician B).

The third step in our analysis counted the number of
“interconnected physicians” in each group practice by
looking at which physicians in the same group practice
had provided a certain proportion of their colleague’s pa-
tient’s visits. The threshold for interconnection between 2
physicians was predefined as the provision, on average, of
at least 1% of visits to the same patients. That is, in Figure
1, Physicians A and B are interconnected if the care pro-
vided to Patient C and other similarly “shared” patients
represents at least 1% of the total visits provided by each
of Physician A and B. In sensitivity testing, we varied the
threshold for interconnectedness from 0.5 to 2.0%.
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Additionally, we assessed the relationship between
group size and the number of interconnected physicians
within the group by categorizing the FHG and FHN
groups according to the number of physicians in each
group: 2 or 3, 4 or 5, 6 or 7, 8 or 9, 10 to 14, 15 to 19
and 20 to 48. We calculated the average number of inter-
connected physicians (using the steps described above)
for each group size category to see how practice size
influenced the degree of interconnectedness between
physicians.

Results

There were 260 FHGs and 49 FHNs with 3 to 48 phys-
icians registered in the group from 1 Sept. 2005 to 31
Aug. 2006. This amounted to a total of 4064 physicians.

Table 1: Characteristics of study physicians and patients

in primary care patient enrolment models

{ Physician A :‘ | Physician B :‘
Patient A Patient B Patient C Patient D

Figure 1: Interconnected physicians. Physician A was
interconnected with Physician B if at least 1% of his or
her patient visits involved patients listed with Physician B.

Measure Result
Study physicians, n 2945
Practice group size, n (%)
2-3 47 (15.2)
4-5 68 (22.0)
6-7 52(16.8)
8-9 38(12.3)
10-14 45 (14.6)
15-19 28(9.1)
20-48 31(10.0)
Physician characteristics
Male, n (%) 1894 (64.3)
Age, mean (SD) 49.8 (9.6)
Years in practice, mean (SD) 23.5(10.0)
Total number of study patients 2061036
Patients enrolled per group, mean (SD) 1255 (648)
Group enrolment, n (%)
<100 13(0.4)
100-299 108 (3.7)
300-649 398 (13.5)
650-999 610 (20.7)
1000-1499 879 (29.9)
>1500 937 (31.8)

Patient characteristics

Male, n (%) 864 147 (41.9)
Mean age (SE) 43.2 (0.02)
Age <2,n (%) 42317 (2.1)

Age 2-64, n (%) 1603123 (77.8)

Age =65, n (%) 415596 (20.2)
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Figure 2: Number of physicians in the group practices.

We excluded 1119 physicians (27.5%) who did not have
active patient rosters or provided fewer than 100 visits to
listed patients per year. The remaining 2945 physicians’
practices were reviewed, representing approximately
30% of all family physicians in Ontario."

Table 1 summarizes the characteristics of the 2945
physicians and 2061036 patients included in the study.
There was a considerable range in the number of phys-
icians in the group practices (median = 4; 25th and 75th
percentile: 4, 11). Physicians listed an average of 700 pa-
tients (median = 646 patients, 25th and 75th percentile:
363, 963). There were 9.3 million unique patient—phys-
ician visits throughout the 2-year study period.

Using a threshold of 1% of their visits being with one
another’s listed patients, physicians had 2.2 intercon-
nected partners (median = 1; 25th and 75th percentile:
0, 3; see Fig. 2). As expected, decreasing the threshold
of common patients increased the number of intercon-
nected physicians, but even using a low threshold of 0.5%
for the proportion of visits involving the same patients,
the number of intercon-
nected physicians within
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physicians for practices with 8 to 19 physicians (Fig. 3).
Using a lower threshold of 0.5% for interconnected care,
the number of interconnected physicians increased to
4.3 interconnected physicians and was seen in a practice
sizes as large asi5 to19 physicians (hence accounting
for about one quarter of the physicians in the practice).
For all thresholds, the number of interconnected phys-
icians decreased in large group practices with 20 to 48
physicians.

Discussion

This study examined each pair of physicians in 2 of On-
tario’s primary care groups (FHNs and FHGs) and count-
ed how many patients the physicians see in common. We
found that physicians provided interconnected care with
only a few of their colleagues. Using a threshold of 1% of
their visits being with one another’s listed patients, phys-
icians interconnected with only 2.2 other physicians.
Despite the wide range in the number of physicians in
Ontario’s family practice groups, the size of a group had
little association with the extent of interconnected care,
beyond groups of 6 or 7 physicians.

The main strength of our study was the use of large
linked administrative databases to empirically demon-
strate how primary care physicians are connected to each
other. We are not aware of other data that can routinely
measure the extent to which practitioners work together.
Administrative databases are collected for other purposes
and so can be used with little additional cost. Other ap-
proaches that describe how physicians work together rely
on specifically designed surveys or data collection. Sur-
veys of physicians are notoriously challenging with respect
to achieving a high, representative response rate.*>'3

a group increased to just ’ e 05%threshold
3.4 (median = 2; 25th S 4 —a— 1.0% threshold
and 75th percentile: 1, 5). & — 1.5%threshold
Physicians saw mainly % ------ 2.0 threshold
their own listed patients, 2 3

and only 7.0% (median = £

5.9%; 25th and 75th per- 5 2

centile: 2.4%, 11.6%) of §

their visits were provided < 1

to patients of their inter-

connected partners. 0 | | | | | | |
2o0r3 4or5 6or7 8or9 10-14 15-19 20-48

The number of inter-
connected physicians rose
with the size of the prac-
tice, but levelled to a mean
of 25

Number of physicians in the group

Figure 3: Average number of interconnected physicians, by group size of Family Health Network or Family

interconnected  Health Group.
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Administrative data are continuously collected for en-
tire populations over time and, as a result, can be used
to examine interconnected care in specific contexts (e.g.,
rural medicine, women’s health, new medical graduates,
preventive care, chronic disease management). Further-
more, administrative data in Ontario capture a range of
services beyond outpatient care by primary care phys-
icians, including laboratory, diagnostic and therapeutic
services and inpatient, institutional and emergency de-
partment care.

However, an important limitation of administrative
data in many jurisdictions is the omission of many types
of practitioners from routinely collected data. Existing
administrative data in our jurisdiction include mainly
physician services (both family physicians and special-
ists) and, to a very limited degree, services from pharma-
cists, physiotherapists, chiropractors and dentists. The
increasing use of electronic health records (EHR) holds
promise for the study of a wider range of practitioners. In
our population, EHR data can currently be used within
specific organizations (hospitals, primary care groups)
to examine most practitioners who contribute care and
share common patient information systems. Also, the
EHR and administrative data could be combined to
examine how interconnected care within specific organ-
izations (with EHR systems that provide a comprehen-
sive range of practitioner data) is related to care within
the overall health care system (using administrative data
with a limited range of practitioner data).

We envision two main uses of interconnected analy-
ses, both of which provide a methodological approach
that can support other studies. The first use supports
studies that examine collaborative health care. At the
centre of most collaborative relationships is the care pro-
vided to individual patients."* Practitioners who provide
care to the same patients have the potential for collab-
oration, whereas practitioners who never provide care to
the same patients likely do not have a meaningful col-
laboration. Accordingly, health care professionals who
provide care to many patients in common have a poten-
tially stronger relationship or collaboration than health
care professionals who do not share patients. Using pa-
tients to link practitioners is referred to as “affiliate an-
alysis” in both social network theory and collaborative
care studies."* Once an affiliation is described it can be
used to further examine social structure, relationships
and interactions, depending on the strength, direction
or other characteristics of the affiliation. Influential poli-
cies have encouraged physicians to work together in On-
tario. Interconnected care analysis could be used as one
approach to help monitor these and other policies.
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The second use supports the examination of health
care delivery from a network perspective. We performed
a very simple network analysis by examining networks
of 2 physicians within defined groups. Typical network
studies examine the patterns and importance of connec-
tions within complex systems, which would simultan-
eously examine connections within entire health care
systems, both within and beyond defined group bound-
aries. Also, network analysis focuses on how the network
structure affects individuals and their relationships,
rather than treating individual physicians or patients as
discrete unrelated units.

There are also many different ways to examine inter-
connected care that do not rely on complex network analy-
ses that typify network medicine. We defined a physician
as having interconnected care with another physician if
1% of his or her visits were with another physician’s list-
ed patients. Our definition of interconnected care was
arbitrary, but increasing or decreasing the threshold of
affiliation did not have a large effect on the number of
interconnected family physicians. Examples of aspects
of interconnected care we did not consider include the
“direction” of collaboration (What if Practitioner A sees
Practitioner B’s patients, but Practitioner B does not see
Practitioners A’s patients?); services provided by networks
of practitioners (What if 3 practitioners share patients in
common, or Practitioner A and B don’t see each others’
patients but commonly see Practitioner C’s?); absolute
measures (such as 50 practitioner—patient visits per
year, rather than 1% of visits); care or activities outside
the outpatient clinic, such as on-call or hospital care; and
interconnected care for specific types of services such as
prevention or chronic disease management.

We fully acknowledge that our measure of “intercon-
nected” care is a simplistic way of describing how phys-
icians work together and that manyimportant connections
exist between different types of providers. Future studies
could compare interconnected care, as measured using
routinely collected data, to collaborative care, as meas-
ured using more robust methods. Other studies could
examine whether interconnected care is associated with
improved patient outcomes, which is the primary reason
why health professionals have been encouraged to work
together. Incorporating interconnected care into quality-
of-care studies should be straightforward, because these
types of studies are one of the more common uses of rou-
tinely collected administrative data.

Conclusions

There is increasing interest in how health care is organ-
ized and delivered in groups or networks of practitioners.
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Routinely collected administrative data can be used for
this purpose when they uniquely identify practitioners
who provide care and the patients who receive care. We
have described a measure of interconnected care that
uses these data to measure how practitioners are con-
nected through their provision of care to the same pa-
tients, thus applying the concept of “affiliate analysis.”
Beyond our study, administrative data can be used in
many ways to describe how health providers care for
common patients and to evaluate the effect of specific
kinds of collaboration on health care services and health
outcomes. Network analyses can be performed using the
same data to describe how groups of physicians and pa-
tients are connected within a larger, complex system.
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