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Diabetes is a major cause of myocardial
infarction, stroke, blindness and kidney
failure, and accounts for nearly 15% of

total health care expenditures.1,2 Its management is
time-consuming and challenging, requires an indi-
vidualized approach, and is usually coordinated
by primary care physicians. Although safe, effica-
cious and cost-effective interventions for diabetes
are available, studies suggest that patients are
often not receiving these treatments.3,4 As such,
programs that aim to improve the care of patients
with chronic diseases, such as diabetes, must sup-
port providers of primary care, typically by coor-
dinating teams of allied health providers. Al -
though such comprehensive care can improve
clinical outcomes,5 it is difficult to deliver and is
optimized by programs that focus on the multidis-
ciplinary management of chronic disease.6

Primary care networks were implemented in
Alberta, Canada, in 2005 and are a potential strat-
egy for improving care for  patients with diabetes.7

A primary care network consists of  primary care
physicians and other health care providers working
together to provide care to patients. In addition to
typical physician services paid for on a fee-for-
 service basis, $50 per patient per year is provided to
networks to support activities that fall outside of
this model. Although networks may vary in size,
the first 18 networks each provided care to nearly
90 000 patients and included an average of 75 pri-
mary care physicians (including groups of physi-
cians from different practices). The objectives guid-
ing all primary care networks are similar; they
include increasing access to primary care, increas-
ing emphasis on care for patients with chronic dis-
eases and improving the coordination of primary
health services with specialist care (Box 1). Caring
for patients with diabetes was identified as a prior-
ity for 17 of the original 18  networks.7,8

There is considerable flexibility in how net-
works may operate, and the additional funds may
be used either to hire allied health care profes-
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Background: Primary care networks are a
newer model of primary care that focuses on
improved access to care and the use of multi-
disciplinary teams for patients with chronic
disease. We sought to determine the associa-
tion between enrolment in primary care net-
works and the care and outcomes of patients
with diabetes.

Methods: We used administrative health care
data to study the care and outcomes of
patients with incident and prevalent diabetes
separately. For patients with prevalent dia-
betes, we compared those whose care was
managed by physicians who were or were not
in a primary care network using propensity
score matching. For patients with incident dia-
betes, we studied a cohort before and after
primary care networks were established. Each
cohort was further divided based on whether
or not patients were cared for by physicians
enrolled in a network. Our primary outcome

was admissions to hospital or visits to emer-
gency departments for ambulatory care sensi-
tive conditions specific to diabetes.

Results: Compared with patients whose preva-
lent diabetes is managed outside of primary
care networks, patients in primary care net-
works had a lower rate of diabetes-specific
ambulatory care sensitive conditions (adjusted
incidence rate ratio 0.81, 95% confidence
interval [CI] 0.75 to 0.87), were more likely to
see an ophthalmologist or optometrist (risk
ratio 1.19, 95% CI 1.17 to 1.21) and had better
glycemic control (adjusted mean differ-
ence –0.067, 95% CI –0.081 to –0.052). 

Interpretation: Patients whose diabetes was
managed in primary care networks received
better care and had better clinical outcomes
than patients whose condition was not man-
aged in a network, although the differences
were very small.
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sionals or for other initiatives. The types of pro-
grams offered by primary care networks for
patients with diabetes vary substantially across
networks.8 Generally, most offer programs for
the education of patients, and about one-third
either offer case management or employ mem-
bers of the multidisciplinary team, other than the
primary physician, who have the authority to
provide alternative prescriptions.

Although Alberta’s primary care networks
have some unique features, they are similar to
Ontario’s family health teams9,10 and patient-cen-
tered Medical homes in the United States.11 Each
of these approaches seeks to improve access to
and coordination of care.

We sought to determine the impact of Alberta’s
primary care networks on measures of processes,
including the provision of guideline-recommended
laboratory testing, appropriate use of medications,
glycemic control and outcomes relevant to patients
with diabetes (admissions to hospital or visits to
emergency departments for diabetes -specific
ambulatory care sensitive conditions [hypo-
glycemia, hyperglycemia]12,13 that might be par-
tially prevented by appropriate outpatient care).

Methods

Data sources
We obtained patients’ characteristics, vital sta-
tus, admissions to hospital, visits to emergency
departments, use of physician services and use
of medications (for patients > 65 years of age)
from Alberta Health and Wellness. We obtained
the results of laboratory investigations (glycated
hemoglobin levels, cholesterol panels, estimated
glomerular filtration rate and measures of pro-
teinuria) from a provincial repository (Ap pen -
dix 1, available at www .cmaj .ca  /lookup  /suppl
/doi :10 .1503 /cmaj .110755 /-/DC1). The study
was ap proved by the institutional review boards
for the Universities of Alberta and  Calgary.

Study population
We identified a cohort of patients with diabetes
using a validated algorithm.14,15 Patients were con-
sidered to have diabetes based on two or more
physician claims for diabetes (International Classi-
fication of Diseases 9th revision [Clinical Modifi-
cation] [ICD-9-CM], code 250) in two years, or
one or more admissions to hospital with ICD-9-
CM code 250, selected from all available diagnos-
tic codes on the hospital discharge abstract between
Apr. 1, 1994, and Mar. 31, 2002. After Mar. 31,
2002, we used the equivalent codes from the 10th
revision of the ICD (E10–E14). Previous research
comparing the use of this definition with chart -
confirmed diagnoses in primary care has shown

that it has 86% sensitivity and 97%  specificity.15

After primary care networks have been estab-
lished, time is needed to enrol patients and mea-
sure their outcomes. For this reason, we assessed
the first 18 primary care networks that were
operational as of Oct. 1, 2006. We waited one
year after primary care networks began before
identifying the cohort of patients with incident
diabetes. This delay gave each network an oppor-
tunity to reorganize care and establish functional
programs for the management of chronic disease
(Figure 1). We determined enrolment in a pri-
mary care network from administrative data.

Because the impact of a primary care network
might differ for patients who have had diabetes
for a long time, we created separate cohorts of
patients with incident and prevalent diabetes. We
studied patients with incident diabetes before
and after primary care networks were established
to control for possible improvements in diabetes
care that were independent of the establishment
of the networks (Appendix 1).

The cohort of patients with prevalent diabetes
was defined as all patients who met our defini-
tion of diabetes by Apr. 1, 2008 (Figure 1), di -
vided into two contemporary cohorts: those
whose care was managed in a primary care net-
work and those whose care was not managed in
a network. We excluded patients with prevalent
diabetes that was managed by primary care net-
works established after 2007. Patients were fol-
lowed for one year to assess outcomes.

Outcomes
We considered a hierarchy of potential out-
comes. We were unable to include some relevant
outcomes, either because of the short-term
nature of our study or because we did not have
the data to inform the outcome (Appendix 2,
available at www .cmaj .ca /lookup /suppl /doi :10
.1503 /cmaj .110755 /-/DC1). Our primary out-
come was admissions to hospital or visits to
emergency departments for diabetes-specific
ambulatory care sensitive conditions (i.e., hypo-
glycemia and hyperglycemia, which are partially
preventable through appropriate outpatient care).
This outcome is a validated proxy for the quality

Box 1: Objectives of Alberta’s primary care networks7

• Increasing the number of residents with access to primary care services

• Managing access to appropriate around-the-clock primary care services

• Emphasizing the promotion of health, prevention of disease and injury, and
care of patients with medically complex problems or chronic disease

• Improving the coordination of primary health services with hospitals and
services providing long-term and specialty care

• Fostering a team approach to providing primary health care
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of primary care for diabetes16 and has been recom-
mended by the Canadian Institute of Health Infor-
mation (Appendix 3, available at www. cmaj .ca
/lookup/suppl/doi:10.1503/cmaj.110755/-/DC1).13

Our secondary outcomes included the propor-
tion of patients who underwent guideline -
recommended laboratory investigations for gly-
cated hemoglobin level, urine albumin –
creatinine ratio and cholesterol panels; the use of
in dicated medications among patients aged

66 years and older (i.e., filling a prescription for sta -
tins,17 metformin [in patients for whom an oral
hypoglycemic agent is prescribed] and angiotensin-
converting enzyme inhibitors or angiotensin recep-
tor blockers [for patients with proteinuria]18); and
outpatient visits to primary care physicians or spe-
cialists in internal medicine or endocrinology. For
patients for whom a measurement of glycated
hemoglobin was available, we also assessed gly -
cemic control (last measurement of glycated hemo-
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Figure 1: Description of patient cohorts (patients with incident or prevalent diabetes), before and after the start of primary care networks.
PCN = primary care network.
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globin during the assessment period for patients
with incident diabetes; mean level of glycated
hemoglobin for patients with prevalent diabetes).
Finally, we assessed the proportion of patients who
saw an ophthalmologist or optometrist (a proxy for
retinal screening).

Covariables and other variables 
Demographic data were determined from the
Alberta Health and Wellness registry file. We
used validated algorithms to define hyperten-
sion;19 other comorbid conditions were defined
using validated coding algorithms.20 Chronic kid-

Table 1: Characteristics of patients with prevalent diabetes at baseline, stratified by whether or not the patient’s care was managed 
in a primary care network, before and after matching by propensity score 

Before matching, %* After matching, %* 

Characteristics 

Not managed 
in a PCN  

n = 105 824 

Managed in a 
PCN  

n = 77 830 
Standardized 
difference†  

Not 
managed in 

a PCN  
n = 77 464 

Managed in 
a PCN  

n = 77 464 
Standardized 
difference† 

Age, mean, yr (SD) 60.7 (15.2) 62.1 (15.1) 9.9 61.8 (15.0) 62.1 (15.0) 1.8 

Female sex 47.3 47.6 0.6 47.8 47.6 –0.4 

First Nations status 5.0 3.5 –7.5 3.5 3.5 0.1 

Receiving income support 5.1 4.2 –4.4 4.1 4.2 0.2 

Comorbidities       

Hypertension 63.9 66.5 5.4 66.3 66.4 0.3 

Cancer 7.4 9.2 6.3 8.8 8.9 0.3 

Cerebrovascular disease 5.8 6.3 1.8 5.9 6.2 1.3 

Congestive heart failure 8.0 8.7 2.4 8.2 8.6 1.5 

COPD 19.2 18.8 –1.0 19.0 18.8 –0.7 

Dementia 3.6 4.3 3.2 3.9 4.1 0.8 

Myocardial infarction 6.5 6.6 0.2 6.3 6.6 1.1 

Diabetes with complications 11.7 12.8 3.4 12.4 12.6 0.5 

Diabetes without complications 74.6 76.3 3.9 77.1 76.5 –1.5 

AIDS/HIV 0.1 0.1 –1.0 0.1 0.1 0.1 

Metastatic cancer 1.0 1.2 1.8 1.1 1.1 0.6 

Mild liver disease 1.9 1.6 –2.0 1.6 1.6 –0.1 

Moderate/severe liver disease 0.4 0.3 –0.5 0.3 0.3 1.2 

Paralysis 0.9 0.8 –0.8 0.7 0.8 1.3 

Peptic ulcer disease 3.0 2.1 –5.4 2.0 2.2 1.2 

Peripheral vascular disease 4.1 5.0 4.3 4.6 4.7 0.7 

Renal disease 6.0 6.5 2.1 6.1 6.4 1.2 

Rheumatic disease 2.0 2.3 2.0 2.2 2.2 0.6 

eGFR, mL/min per 1.73 m2,  
mean (SD) 

79.0 (25.8) 77.1  (25.1) –7.3 78.1 (25.5) 77.2 (25.1) –3.5 

≥ 60  66.2 69.9 7.8 70.1 70.0 –0.3 

30–59.9 15.3 17.7 6.4 17.3 17.5 0.4 

< 30 2.4 2.6 1.5 2.5 2.6 0.5 

Not measured 16.1 9.9 –18.7 10.0 9.9 –0.4 

Diabetes duration, yr, mean (SD) 6.6   (4.4) 6.7   (4.4) 1.2 6.7   (4.4) 6.7    (4.4) –0.2 

Baseline glycated hemoglobin, 
mean (SD) 

7.3   (1.6) 7.2   (1.5) –7.9 7.2   (1.6) 7.2    (1.5) –3.1 

≥ 7.0% 40.6 39.9 –1.5 40.3 40.0 –0.5 

< 7.0% 45.4 50.5 10.2 50.3 50.3 –0.1 

Not measured 14.0 9.7 –13.5 9.4 9.7 1.0 

Note: COPD = chronic obstructive pulmonary disease, eGFR = estimated glomerular filtration rate, PCN = primary care network, SD = standard deviation. 
*Unless otherwise indicated. 
†Standardized difference between patients enrolled in a primary care network and patients who were not enrolled in a network for each baseline variable. 
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ney disease was defined using the most recent
outpatient assessment of estimated rate of glo -
merular filtration (< 60 mL/min per 1.73 m2).21

Statistical analysis
For patients with prevalent diabetes, we used
propensity scores to adjust for potential con-
founders.22 We first calculated the propensity
score for each patient, defined as the conditional
probability of assignment to a primary care net-
work given the observed confounders.22,23 We
then used the propensity scores to construct a
one-to-one matched sample, using nearest-
neighbour matching without replacement by
applying a Greedy matching algorithm22 on the
logit of the propensity score within a caliper
width of 0.25 times the pooled standard devia-
tion. After confirming balance between the
groups, we determined the association between
enrolment in a primary care network and each
outcome using population-averaged negative
binomial models with robust variance adjusted
for clustering on matching.

For continuous and binary outcomes, we
used population-averaged linear models and
logit models to determine the association
between the intervention (primary care network)
and each of the outcomes, separately.22,24

When esimating the incidence rate difference
(IRD), we used an approach based on weighted
least-squares regression.25

The available data determined the sample
size, thus we did not calculate an a priori sample
size.

Results

In this paper, we report the results for the cohort of
patients with prevalent diabetes. The results for the
cohort of patients with incident diabetes are pre-
sented in Appendix 1.

As of Apr. 1, 2008, there were 77 830 pa tients
with prevalent diabetes whose condition was
managed in one of the 18 primary care networks
of interest; 105 824 patients with prevalent dia-
betes were not enrolled in one of the networks.
We excluded 22 164 patients with pre valent dia-
betes whose conditions were managed by other
primary care networks established after 2007
(Figure 1). Patients with prevalent diabetes that
was managed in primary care networks were
similar to those whose care was managed outside
of a network, although patients in networks were
slightly older and had a higher number of comor-
bidities (Table 1).

Matching by propensity score resulted in a
well-balanced matched sample (Figure 2), which
was confirmed using a two-sample  Kolmogorov–

Smirnov test for equality of distribution (p = 0.80)
(Table 1).

Admissions to hospital and visits to
emergency departments
Our analysis of the sample of patients matched
by propensity scores showed that patients with
prevalent diabetes who received care in primary
care networks were less likely to be admitted to
hospital or to visit an emergency department for
a diabetes-specific ambulatory care sensitive
condition (adjusted incidence risk ratio [IRR]
0.81, 95% confidence interal [CI] 0.75 to 0.87)
than those whose care was not managed in a net-
work. However, the size of the difference was
small (IRD –0.67, 95% CI –0.92 to –0.42, per
1000 patient-months) (Table 2 and Appendix 4,
available at  www. cmaj .ca  /lookup /suppl /doi :10
.1503 /cmaj .110755 /-/DC1). When the compo-
nents of this outcome were analyzed separately,
the adjusted IRRs were 0.75 (95% CI 0.64 to 0.87)
for admissions to hospital and 0.82 (95% CI 0.76
to 0.88) for visits to an emergency department.

Secondary outcomes
Patients whose care was managed in primary
care networks were more likely than patients
whose care was not managed in a network to see
an ophthalmologist or optometrist (risk ratio
[RR] 1.19, 95% CI 1.17 to 1.21), and to undergo
guideline-recommended laboratory investiga-
tions (Table 2). Mean glycated hemoglobin dur-
ing the assessment period was slightly lower in
the matched cohort of patients whose care was
managed in a primary care network compared
with those whose care was managed outside of a
network (adjusted mean difference –0.067,
95% CI –0.081 to –0.052). Among patients with
prevalent diabetes 66 years of age and older,
those whose conditions were managed within
primary care networks were slightly more likely
to receive statins than those who were not
enrolled in a network (adjusted probability
55.8% v. 53.7%; RR 1.03, 95% CI 1.02 to 1.05)
(Table 2). There was no significant difference in
the rate of visits to primary care physicians or to
specialists in internal medicine/endocrinology
between patients enrolled in a primary care net-
work and those who were not (Table 2).

Interpretation

Main findings
Management of diabetes in a primary care net-
work was associated with a 19.4% relative re -
duction in admissions to hospital or visits to
emergency departments for ambulatory care sen-
sitive conditions among patients with prevalent
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diabetes, although this relative change represents
a small absolute change (IRD –0.67 per 1000
patient-months). In addition, receiving care in
primary care networks was associated with better
glycemic control for patients with incident and
prevalent diabetes, although the absolute mean
differences in glycated hemoglobin in the
cohorts were small (–0.20 for the incident
cohorts and –0.067 for the prevalent cohorts).
We noted more use of guideline-recommended
laboratory and retinal screening, as well as some
potentially beneficial medications, among pa -
tients cared for in primary care networks,
although the differences we saw were small.

Enrolment in primary care networks was not
associated with a significant reduction in the rate
of diabetes-specific ambulatory care sensitive
conditions among the patients with incident dia-
betes, possibly because these patients had not
had diabetes long enough for complications to
have arisen.

Comparison with other studies
Most of the research on the impact of reforms to
primary care has come from the National Health
Service in the United Kingdom, which experi-
mented with primary care groups and fundholding
by general practitioners (subsequently primary

care trusts),26 each of whom controlled partial (or
full) budgets to support patient care.27 There is lit-
tle evidence as to the impact that these initiatives
have had on patient care and  outcomes.28

More closely related to the primary care net-
work is the concept of the patient-centred med-
ical home, which includes an ongoing relation-
ship between provider and patient, and a
com prehensive and coordinated approach to care
involving physicians, allied health providers and
community services.29,30 The National Demon-
stration Project tested two methods of imple-
menting a patient-centred medical home in the
US,11,30 noting only a very small improvement in
outcomes for processes of care for chronic dis-
eases and no improvement in patient-rated out-
comes.30 These results may have been seen
because the initiative did not include reforms to
payment. Given the lack of a control group, it is
unclear if the very small improvements were due
to implementation of certain elements of the
medical home.

Of more relevance is the model used in
Ontario, the family health team. This model is de -
signed to expand the capacity of primary care by
developing interdisciplinary teams and to improve
the breadth and quality of care through incentives
provided by a blended model of physician pay-
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ment.9,10 Physicians are responsible for a defined
number of patients and are assisted by nurse prac-
titioners, psychologists, pharmacists, social work-
ers and health educators, whose salaries are pro-
vided by the provincial ministry. A full evaluation
of the impact of family health teams in Ontario is
ongoing. It is worth noting, however, that family
health teams differ from primary care networks
because they incorporate a different model of
funding for physicians.

Limitations
Assessing the effectiveness of interventions is
best done using randomized controlled trials.
Although some of the elements that were
included in many of the primary care networks
we studied, such as case management by nurses,
have been tested in such trials,31 our study was
not randomized.

We tried to enhance the comparability of
patients and reduce potential confounding by
including four cohorts of patients with incident
diabetes over time, and two cohorts of patients
with prevalent diabetes matched by propensity
score. However, even after adjustment, residual
confounding is possible.

Because we were unable to identify which
physicians not enrolled in a primary care net-
work worked together in a practice, we were
unable to include clustering by practice in our
analysis. As a result, we may see lower standard
errors and smaller p values.

As with all studies that assess outcomes using
administrative data, our study is subject to the
general shortcomings of research using such data-
bases. These limitations include the possibility of
missing data, a lack of data on the elements of
care that patients received, or a lack of informa-
tion on patient-level outcomes including body
weight, blood pressure or patient satisfaction.

We defined diabetes using administrative
data. It is thus possible that a small proportion of
patients in our cohorts did not have diabetes,
which would dilute the associations seen.

The funds provided to primary care networks
were not designated solely for the care of pa -
tients with diabetes; some or all of the funds may
have been used to pay for other programs. It is
unclear whether funding was adequate to achieve
all of the potential objectives for each primary
care network.

Our study focused on the first wave of pri-
mary care networks, allowing the networks only
a short time to establish new programs for the
management of chronic disease. Although a
recent study shows that many primary care net-
works in Alberta offer such programs for dia-
betes8 (including strategies that have been shown

to improve glycemic control),31 the types of pro-
grams offered vary substantially between net-
works.8 Acknowledging limited resources, it will
be critical for payers to provide guidance and
support to enhance uptake of the most effective
practices across primary care networks.

Despite these limitations, our population-
based study reflects real-world experience with
primary care networks in a large area served by
a universal health care system, with careful
assessment of both evidence- and process-based
 outcomes.

Conclusion
The care received by patients with diabetes in
the primary care networks we studied was asso-
ciated with more use of guideline-recommended
screening and (for patients with prevalent dia-
betes) a lower rate of admissions to hospital or
visits to emergency departments for diabetes -
specific ambulatory care sensitive conditions.
However, the absolute changes we saw were
small, and the observational nature of our data
does not permit us to establish causality. Future
studies should aim to determine how primary
care networks can best implement equitable
access to the best programs for the management
of diabetes.
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