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ABSTRACT

Background: The prevalence of diabetes mellitus and its complications is higher among First Nations people and people 
with low socio-economic status (SES). Previous studies in Alberta have shown that provision of care through Primary 
Care Networks (PCNs) is associated with better quality of care and better outcomes for people with diabetes, possibly 
because of greater utilization of chronic disease management programs. However, it is unknown whether First Nations 
individuals and those in lower SES groups experience these benefits. 

Methods: We used administrative and laboratory data for a population-based cohort analysis of Alberta residents under 
65 years of age with diabetes. The primary outcome, assessed over a 1-year period, was admission to hospital or emer-
gency department visit for a diabetes-specific ambulatory care sensitive condition (ACSC). Secondary outcomes were  
2 quality-of-care indicators (likelihood of measurement of glycated hemoglobin [HbA1c] and or retinal screening) and  
2 measures of health care utilization (visits to specialist and primary care physicians). We used negative binomial re-
gression to determine the association between care within a PCN and hospital admission or emergency department visit 
for diabetes-specific ACSCs. We also assessed outcomes in 3 populations of interest (individuals receiving a health care 
subsidy [household income less than $39 250 and not eligible for Income Support], those receiving Income Support, and 
First Nations individuals) relative to the remainder of the population, controlling for whether care was provided in a PCN 
and adjusting for several baseline characteristics. 

Results: We identified a total of 106 653 patients with diabetes eligible for our study, of whom 43 327 (41%) received 
care in a PCN. Receiving care through a PCN was associated with lower rates of ACSC-related hospital admission or 
emergency department visits for all groups of interest, which suggests that PCNs had similar effects across each group. 
However, regardless of where care was provided, First Nations and low-SES patients had more than twice the adjusted 
rates of hospital admission or emergency department visits for diabetes-specific ACSCs than the general population and 
were less likely to receive guideline-recommended care, including measurement of HbA1c and retinal screening.

Interpretation: Care in a PCN was associated with lower risks of hospital admission or emergency department visits for 
diabetes-specific ACSCs, even within vulnerable groups such as First Nations people and those of low SES. However, dif-
ferences in outcomes and quality-of-care indicators persisted for First Nations individuals and those of low SES, relative 
to the general population, irrespective of where care was provided.
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 ➣    One in 10 Canadian adults has diabetes  
mellitus,1 a condition that is associated with high health 
care costs and is frequently complicated by blindness, 
premature cardiovascular disease, and kidney fail-
ure.2–4 The prevalence of diabetes is higher in certain 
subsets of the Canadian population, including First Na-
tions people and those experiencing poverty. Up to 15% 
of the on-reserve Canadian First Nations population 
may have diabetes,5 and people with low income have 
a 20% to 26% higher risk of this condition.6–8 Further-
more, both low-income individuals and First Nations 
people are less likely to access care, including specialist 
care, for problems such as diabetes,9,10 which may con-
tribute to their worse health outcomes.4,10,11 

The care of patients with diabetes is complex, often 
requiring a multidisciplinary approach and extensive 
patient education.12 Providing such care is challenging 
because primary care practices typically do not have the 
additional resources required to do so. Many Canadian 
jurisdictions are undergoing “primary care reform,” 
which includes establishing models of care for chronic 
diseases.13,14 In part, these reforms are meant to ad-
dress concerns about access and equity, both important 
tenets of the Canadian health care system. Unfortu-
nately, health care resources in Canada are delivered 
inequitably, especially in secondary and tertiary care.15 
Improving primary care has been proposed as a means 
to improve equity within the health care system.16,17

Primary care reform in Alberta has taken the form 
of establishing Primary Care Networks (PCNs) in both 
rural and urban parts of the province. A PCN consists 
of primary care physicians and allied health care pro-
fessionals working together to provide care to patients 
with and without chronic diseases. Funding to PCNs is 
provided on a capitated basis to support activities that 
fall outside the fee-for-service model, and these funds 
may be used to hire the allied health care profession-
als or for other initiatives, such as developing quality 
improvement programs for people with chronic dis-
eases, including diabetes. Individual PCNs may take 
different approaches to chronic disease management, 
but most use multidisciplinary teams and enhanced 
patient education.18 

PCNs are postulated to be an effective means of im-
plementing models of chronic disease management.19 
In a recent study evaluating the care and outcomes of 
patients with diabetes, our group documented that care 
within a PCN was associated with a slightly lower rate of 
admission to hospital or visits to the emergency depart-
ment for diabetes-specific ambulatory care sensitive 

conditions (ACSCs) and a slightly lower mean glycated 
hemoglobin (HbA1c) level,20 relative to patients outside 
PCNs, possibly because of the implementation of qual-
ity improvement programs within the PCNs.18 

Although our previous study suggested that care 
within PCNs was associated with small improvements 
in diabetes care for the overall Alberta population, it is 
not known whether PCNs help to achieve equity of care 
and outcomes across patients groups, especially those 
who might traditionally experience difficulties with 
accessing health care and for whom adverse outcomes 
are more common.4,10,11 Our objectives for the current 
study were to determine whether the apparent benefit 
of PCNs observed in the general population, measured 
in terms of admissions to hospital and emergency de-
partment visits for ACSCs, was also evident for First 
Nations people and those in lower SES groups and to 
determine the association between population type 
and outcomes after adjustment for PCN exposure. We 
hypothesized that the team-based approach of PCNs 
might have a more significant impact on care and out-
comes for these vulnerable groups than for the general 
population.

Methods

Data sources and study population
The data sources have been described previously.20 
Briefly, for the overall period 1994 Apr. 1 to 2009 Apr. 1, 
we extracted data on hospital admissions, physician 
visits, and emergency department visits from Alberta 
Health and Wellness administrative data files. We also 
obtained laboratory data from a province-wide reposi-
tory that captures data for all Albertans who undergo 
inpatient or outpatient laboratory testing.21 

Within these data sources, we used a validated al-
gorithm to define a cohort of adult patients with a 
diagnosis of diabetes as of 2008 Apr. 1.22 A patient was 
considered to have prevalent diabetes if there were 2 or 
more physician claims for diabetes (International Sta-
tistical Classification of Diseases and Related Health 
Problems, 9th revision, Clinical Modification [ICD-9-
CM] code 250) within a period of 2 years, or at least 
one hospital admission with an ICD-9-CM code of 250, 
selected from all available diagnostic codes on the pa-
tient’s hospital discharge abstract, between 1994 Apr. 1 
and 2002 Mar. 31, or the equivalent ICD 10th revision 
(ICD-10) codes (E10–E14) from 2002 Apr. 1 to 2008 
Apr. 1. The date of the first claim or hospital admission 
for diabetes (whichever came earlier) was defined as the 
date of diagnosis.
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In general, the primary outcome corresponded to hos-
pital admission or emergency department visit for 
hypoglycemia, diabetic ketoacidosis or hyperosmolar 
non-ketotic state, as determined by ICD codes in the Al-
berta Health and Wellness data set.28 These outcomes 
have been identified as a reasonable proxy for the qual-
ity of primary diabetes care (since appropriate out-
patient management can help to reduce the burden of 
complications and the need for hospital admission29,30) 
and were adopted as such in the Canadian Consensus 
for the Standardized Evaluation of Quality Improve-
ment Interventions in Type 2 Diabetes.31 

The secondary outcomes of interest included 2 qual-
ity-of-care indicators: the proportion of people with 
at least one measurement of HbA1c and the propor-
tion who underwent retinal screening by an ophthal-
mologist or optometrist during the 1-year observation 
period. The Canadian Diabetes Association (CDA) 
guidelines32 state that all patients with diabetes should 
have HbA1c levels checked every 3 to 6 months. These 
guidelines also state that patients with type 2 diabetes 
and a history of normal results on funduscopic exam-
ination require only biannual retinal screening. As 
such, not all of the patients in our sample would have 
required screening during the 1-year assessment per-
iod; nonetheless, differences in screening rates across 
groups would still be meaningful.

Finally, since access to health care is the first step in 
quality outpatient care, we assessed measures of health 
care utilization, including outpatient visits to internal 
medicine or endocrinology specialists and to primary 
care physicians.

Statistical analysis

Initially, we used a Poisson log–linear regression model 
to determine the rate of hospital admission or emer-
gency department visits for diabetes-specific ACSC, by 
PCN status and population type. To test for overdisper-
sion, we performed the deviance goodness-of-fit test. 
Given the presence of overdispersion, we used negative 
binomial regression models to calculate rate ratios (RRs) 
and to determine the association between care within a 
PCN and admission to hospital or visit to an emergency 
department for a diabetes-specific ACSC. Relevant co-
variates were identified using backward selection tech-
niques. Final models were adjusted for age, sex, duration 
of diabetes, presence of hypertension, baseline HbA1c, 
baseline kidney function (in terms of eGFR), and Charl-
son comorbidity score. Age, baseline HbA1c, baseline 
kidney function, and Charlson score were modelled as 

We were interested in assessing the effect of low SES 
or First Nations status on the care and outcomes of pa-
tients with diabetes. Because the Alberta Health and 
Wellness registry file classifies patients 65 years and 
older into a single population category (“pensioners”), 
with no further information on income, we excluded 
patients in this age group. 

Study variables 

PCN status. We used provincial administrative data and 
a defined protocol based on physician claims data to de-
termine whether a patient had received care through a 
PCN.23 

Population type. Patients were categorized as being in 
the general population, as having First Nations status, as 
receiving a health care subsidy, or as receiving Income 
Support, as specified in the Alberta Health and Wellness 
registry file. More specifically, First Nations status was 
defined as the presence of a First Nations status indica-
tor at any time between 1994 Apr. 1 and 2009 Mar. 31, 
signalling that the person was registered under the 
federal Indian Act. All other patients in the study 
were categorized into 1 of 3 categories: general popu-
lation (annual adjusted taxable family income at least 
$39 250), those receiving the Alberta Health Care In-
surance Plan subsidy (family income less than $39 250 
but not receiving Income Support),24 and those receiv-
ing Alberta Income Support (a heterogeneous group of 
individuals, including those not expected to work [be-
cause of chronic mental or physical ailments] and those 
expected to work [looking for or unable to find work]).25

Covariates and other variables of interest. We ob-
tained demographic data, including age and sex, from 
the Alberta Health and Wellness registry file. We used 
data from the physician claims and hospital admission 
databases and validated algorithms to identify patients 
with hypertension.26 Other comorbid conditions and 
the Charlson comorbidity index were identified using 
validated ICD-9-CM and ICD-10 coding algorithms.27 

We obtained estimated glomerular filtration rate 
(eGFR) and HbA1c from the provincial laboratory re-
pository and defined the most recent outpatient eGFR 
and HbA1C values in the year before 2008 Apr. 1 as the 
“baseline” values for the purpose of our analysis.21

Outcome variables. Our primary outcome was hospi-
tal admission or emergency department visit for a dia-
betes-specific ACSC from 2008 Apr. 1 to 2009 Mar. 31. 
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categorical variables (see Table 1). We used an interaction 
term (PCN × population type) to determine whether this 
association varied by population type. 

Given that we also aimed to explore the association 
between population type and outcomes, we subsequently 
developed multivariate adjusted models, with population 

type as the primary exposure, using the general popula-
tion as the reference group and adjusting for care within 
a PCN. We used logistic regression to determine the as-
sociation between population type and dichotomous sec-
ondary outcomes (likelihood of HbA1C measurement, 
retinal screening, and specialist visits), with adjustment 

Ta
bl

e 
1

Ba
se

lin
e 

ch
ar

ac
te

ri
st

ic
s 

of
 A

lb
er

ta
 p

at
ie

nt
s 

w
ith

 d
ia

be
te

s 
m

el
lit

us
, s

tr
at

ifi 
ed

 b
y 

po
pu

la
tio

n 
ty

pe
 a

nd
 P

CN
 s

ta
tu

s*

G
en

er
al

 p
op

ul
at

io
n

n 
= 

76
 1

99
H

ea
lth

 c
ar

e 
su

bs
id

y†
n 

= 
15

 5
36

In
co

m
e 

Su
pp

or
t

n 
= 

8 
61

4
Fi

rs
t N

at
io

ns
n 

= 
6 

30
4

Va
ri

ab
le

W
ith

in
 

PC
N

32
 1

78
 

42
%

O
ut

si
de

 
PC

N

44
 0

21
58

%
p 

va
lu

e*

W
ith

in
 

PC
N

5 
83

1
38

%

O
ut

si
de

 
PC

N

9 
70

5 
62

%
p 

va
lu

e*

W
ith

in
 

PC
N

3 
23

9
38

%

O
ut

si
de

 
PC

N

5 
37

5 
62

%
p 

va
lu

e*

W
ith

in
 

PC
N

2 
07

9 
33

%

O
ut

si
de

 
PC

N

4 
22

5 
67

%
p 

va
lu

e*

A
ge

, %
 o

f p
at

ie
nt

s
< 

0.
00

1
< 

0.
00

1
0.

15
0.

00
4

18
–3

4 
yr

8.
9

9.
4

5.
7

6.
4

9.
3

8.
3

10
.9

13
.7

35
–4

9 
yr

30
.8

33
.1

12
.1

17
.3

30
.7

32
.3

38
.0

38
.3

> 
50

 y
r

60
.4

57
.5

82
.2

76
.2

60
.0

59
.4

51
.1

48
.0

Se
x,

 m
al

e,
 %

56
.7

58
.3

< 
0.

00
1

38
.7

39
.8

0.
16

7
45

.9
47

.1
0.

27
42

.2
42

.8
0.

70

Ba
se

lin
e 

H
bA

1c
, %

 o
f p

at
ie

nt
s

< 
0.

00
1

0.
00

1
< 

0.
00

1

O
pt

im
al

 c
on

tr
ol

 (<
 7

.0
%

)
44

.6
40

.8
50

.4
43

.7
< 

0.
00

1
46

.6
42

.6
38

.3
34

.7

Fa
ir 

co
nt

ro
l (

7.
0%

–8
.2

%
)

21
.6

20
.4

22
.0

22
.7

18
.1

18
.1

15
.7

14
.5

Po
or

 c
on

tr
ol

 (>
 8

.2
%

)
22

.3
22

.3
18

.2
20

.3
23

.4
25

.8
31

.2
29

.3

N
ot

 m
ea

su
re

d
11

.7
16

.5
9.

4
13

.2
12

.0
13

.6
14

.8
21

.6

Ba
se

lin
e 

eG
FR

, %
 o

f p
at

ie
nt

s
< 

0.
00

1
< 

0.
00

1
< 

0.
00

1
< 

0.
00

1

N
or

m
al

 G
FR

 (>
60

  m
L 

m
in

–1
 1

.7
3 

m
–2

)
79

.6
73

.8
77

.2
74

.0
73

.5
70

.8
74

.2
68

.6

St
ag

e 
3 

CK
D

 (3
0–

60
 m

L 
m

in
–1

 1
.7

3 
m

–2
)

5.
8

5.
1

11
.3

9.
7

12
.1

11
.1

6.
1

4.
4

St
ag

e 
4 

or
 5

 C
KD

 (<
 3

0 
m

L 
m

in
–1

 1
.7

3 
m

–2
)

0.
9

0.
7

1.
4

1.
3

4.
1

3.
9

2.
8

2.
2

N
ot

 m
ea

su
re

d
13

.7
20

.4
10

.1
15

.0
10

.3
14

.3
16

.9
24

.8

Ch
ar

ls
on

 c
om

or
bi

di
ty

 s
co

re
, %

 o
f p

at
ie

nt
s

0.
05

1
0.

00
3

0.
46

0.
71

1
69

.2
70

.0
60

.2
63

.3
42

.1
43

.4
51

.4
52

.2

2
17

.6
17

.5
20

.7
19

.1
24

.8
24

.7
25

.8
25

.9

3–
9

12
.8

12
.2

18
.5

17
.1

31
.9

30
.5

21
.9

21
.2

≥ 
10

0.
4

0.
4

0.
6

0.
5

1.
2

1.
5

1.
0

0.
7

H
yp

er
te

ns
io

n‡
, %

 o
f p

at
ie

nt
s

49
.8

47
.8

< 
0.

00
1

64
.3

60
.0

< 
0.

00
1

57
.4

57
.8

0.
72

48
.0

46
.2

0.
18

D
ur

at
io

n 
of

 d
ia

be
te

s,
 y

r, 
m

ea
n

4.
30

4.
24

< 
0.

00
1

4.
29

4.
30

0.
17

4.
45

4.
41

0.
94

4.
36

4.
32

0.
05

0

CK
D

 =
 c

hr
on

ic
 k

id
ne

y 
di

se
as

e,
 e

G
FR

 =
 e

st
im

at
ed

 g
lo

m
er

ul
ar

 fi 
ltr

at
io

n 
ra

te
, H

bA
1c

 =
 g

ly
co

sy
la

te
d 

he
m

og
lo

bi
n,

 P
CN

 =
 p

rim
ar

y 
ca

re
 n

et
w

or
k.

 
* F

or
 c

om
pa

ris
on

 o
f p

at
ie

nt
s 

ca
re

d 
fo

r w
ith

in
 a

nd
 o

ut
si

de
 a

 P
CN

 w
ith

in
 e

ac
h 

po
pu

la
tio

n 
ty

pe
 (u

si
ng

 c
hi

-s
qu

ar
e 

te
st

 a
nd

 a
na

ly
si

s 
of

 v
ar

ia
nc

e 
fo

r d
ur

at
io

n)
. F

or
 a

 p
ar

tic
ul

ar
 v

ar
ia

bl
e 

w
ith

in
 a

 p
ar

tic
ul

ar
 

po
pu

la
tio

n 
gr

ou
p,

 p
er

ce
nt

ag
es

 m
ay

 n
ot

 s
um

 to
 1

00
 b

ec
au

se
 o

f r
ou

nd
in

g.
† 

Pa
tie

nt
s 

w
ith

 h
ea

lth
 c

ar
e 

su
bs

id
y 

w
er

e 
th

os
e 

w
ho

se
 a

nn
ua

l h
ou

se
ho

ld
 in

co
m

e 
w

as
 b

el
ow

 $
39

 2
50

 a
nd

 w
ho

 d
id

 n
ot

 o
th

er
w

is
e 

qu
al

ify
 fo

r I
nc

om
e 

Su
pp

or
t.

‡ 
H

yp
er

te
ns

io
n 

de
fi n

ed
 b

y 
th

e 
va

lid
at

ed
 a

lg
or

ith
m

 d
es

cr
ib

ed
 b

y 
Q

ua
n 

et
 a

l.26



Open Medicine 2012;6(4)e159

Research                                                                                                                                                                                                                                                          Campbell et al.

as described for our primary analysis. We used negative 
binomial regression and RRs for the outcome of primary 
care physician visits. All analyses were performed using 
STATA 11.0 (Statacorp, College Station, Tex.). This study 
was approved by the Conjoint Health Research Ethics 
Board of the University of Calgary.

Results

As of 2008 Apr. 1, we identified 183 654 persons with 
diabetes. After exclusion of patients 65 years of age 
and older (n = 77 001), 106 653 patients remained for 
analysis. Within each population type, those cared for 
within PCNs were older than those cared for outside of 
PCNs (Table 1). Baseline glycemic control (as indicated 
by HbA1c) and renal function (as indicated by eGFR) 
were generally slightly worse in the non-PCN group 
across population types. For most population types, 
the burden of comorbidities was similar for PCN and 
non-PCN groups, the exception being the health care 
subsidy group, for which the PCN group was more like-
ly to have hypertension and higher Charlson comorbid-
ity scores. Notably, only 33% of First Nations patients 
and 38% of patients receiving Income Support received 
care through a PCN, compared to 42% of the general 
population (p < 0.001). 

Association between PCN status and primary 
outcome (admission to hospital or visit to emergency 
department for diabetes-specific ACSC)

Receiving care in a PCN was associated with signifi-
cantly lower rates of hospital admission or emergency 
department visits for diabetes-specific ACSCs for both 
the health care subsidy and First Nation groups, but no 
statistically significant association was noted for the 
Income Support group (Table 2). These results did not 
vary by population type (i.e., the interaction term was 
non-significant [p > 0.10]), which suggests that PCN 
care had similar effects across each of the groups. 

Although our primary analysis suggested that the 
association between PCNs and outcomes did not vary 
by population type, we did note important differen-
ces in quality of care and outcomes across population 
types, which are highlighted below.

Association between population type and primary 
outcome (admission to hospital or visit to emergency 
department for diabetes-specific ACSC)

There were significant differences across groups in 
terms of crude rates of hospital admission or emergency 
department visits for a diabetes-specific ACSC, with 
significantly higher rates in the Income Support and 

Table 2
Admission to hospital or visit to emergency department for diabetes-specifi c ambulatory care 
sensitive condition (primary outcome), by population type and PCN status

Crude rate per 1000 person-months (95% CI)

Population type Care within a PCN Care outside of PCN Rate ratio (95% CI)

General population

Unadjusted 2.31 (2.13–2.52) 2.80 (2.62–3.01) 0.82 (0.73–0.92)

Adjusted for age and sex 2.00 (1.83–2.18) 2.43 (2.26–2.62) 0.82 (0.73–0.92)

Multivariate adjusted* 1.37 (1.23–1.52) 1.82 (1.66–2.00) 0.75 (0.67–0.85)

Health care subsidy†

Unadjusted 2.08 (1.68–2.58) 2.87 (2.46–3.34) 0.72 (0.56–0.94)

Adjusted for age and sex 2.12 (1.69–2.64) 2.92 (2.49–3.41) 0.73 (0.56–0.94)

Multivariate adjusted* 1.54 (1.20–1.96) 2.16 (1.80–2.59) 0.71 (0.54–0.94)

Income Support

Unadjusted 9.73 (8.15–11.61)         11.57 (10.12–13.23) 0.84 (0.67–1.05)

Adjusted for age and sex 8.61 (7.22–10.28)  10.69 (9.38–12.20) 0.81 (0.65–1.00)

Multivariate adjusted* 5.04 (4.13–6.14) 5.86 (5.02–6.85) 0.86 (0.69–1.07)

First Nations

Unadjusted 10.69 (8.86–12.88) 13.43 (11.84–15.22) 0.80 (0.64–1.00)

Adjusted for age and sex 10.35 (8.57–12.51) 12.65 (11.11–14.41) 0.82 (0.65–1.02)

Multivariate adjusted* 6.19 (5.01–7.65) 8.36 (7.10–9.90) 0.74 (0.59–0.93)

 CI = confi dence interval, PCN = primary care network.
*Multivariate analysis adjusted for age, sex, hypertension, baseline estimated glomerular fi ltration rate, baseline glycosylated 

hemoglobin, duration of diabetes and Charlson comorbidity score.
†Patients with health care subsidy were those whose annual household income was below $39 250 and who did not 

otherwise qualify for Income Support.
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First Nations groups (Table 3). Although these differ-
ences were attenuated after adjustment for confound-
ers, including PCN status, there remained a marked 
difference in the adjusted rates of the primary outcome 
for people in the Income Support group and the First 
Nations group. Compared with the general population, 
both of these groups experienced an increased risk of 
admission to hospital or emergency department visit 
for diabetes-specific ACSC (for Income Support group, 
adjusted RR 2.96, 95% confidence interval [CI] 2.63–
3.33; for First Nations group, adjusted RR 3.75, 95% CI 
3.30–4.26). 

Secondary outcomes: quality-of-care indicators
The likelihood that HbA1c would be measured at least 
once over the 1-year follow-up period varied by popula-
tion type (Table 4), with patients receiving Income Sup-
port (adjusted odds ratio [OR] 0.95, 95% CI 0.90–1.00) 
and First Nations patients (adjusted OR 0.71, 95% CI 
0.67–0.76) being significantly less likely to undergo 
HbA1c measurement relative to the general population. 

The odds of having retinal screening performed by 
an ophthalmologist or optometrist over the 1-year fol-
low-up period were also lower for people in the Income 
Support and First Nations groups than in the general 
population (Table 4). Those receiving the health care 
subsidy were slightly more likely to undergo retinal 
screening than those in the general population (ad-
justed OR 1.17, 95% CI 1.12–1.22). The association be-
tween population type and these outcomes did not vary 
by PCN status, with the interaction term being non-
significant (p > 0.10). 

Secondary outcomes: health care resource utilization

Outpatient visits to primary care physicians were higher 
for the 3 groups of interest than for the general popula-
tion (Table 5): for those receiving the health care subsidy, 
adjusted RR 1.10 (95% CI 1.09–1.12); for those receiving 
Income Support, adjusted RR 1.48 (95% CI 1.45–1.50); 
and for First Nations patients, adjusted RR 1.41 (95% 
CI 1.38–1.44). The First Nations group was significantly 
less likely to access specialist care over the course of the 
observation period (adjusted OR 0.60, 95% CI 0.56–
0.64). As for the previous comparisons, we noted a non-
significant interaction term in this analysis. 

Interpretation

In this study of administrative data from Alberta, we 
assessed the association between care in a PCN and 
outcomes for patients with diabetes and explored 

whether outcomes differed by population type. In 
general, care in PCNs was associated with better out-
comes for people with diabetes across all population 
types, specifically lower rates of admission to hospital 
or emergency department visits for diabetes-specific 
ACSCs. This result is consistent with previous work 
showing that receipt of care in an Alberta PCN was 
associated with better diabetes-related outcomes and 
quality-of-care measures.20

Despite our hypothesis that PCNs would be associ-
ated with better care for high-risk groups (i.e., First Na-
tions and those with lower SES), we found that PCNs 
were associated with similar improvements in out-
comes for all groups (as indicated by non-significant 
interaction terms). However, the well-described dis-
parities in quality of care and outcomes persisted for 
both the Income Support and First Nations cohorts, 
relative to the general population, even when these pa-
tients received care within PCNs.

PCNs represent Alberta’s version of primary care re-
form, but such reform has also occurred in other Can-
adian jurisdictions. Ontario has developed several new 
primary care models to enhance quality and access to 
care.14 These models have focused on changing phys-
ician payment from fee-for-service to capitation and 
providing incentives for provision of multidisciplinary 
care.33 Alberta’s PCNs are most closely aligned with 
Ontario’s Family Health Groups, in that both maintain 
a fee-for-service model with additional payments per 
patient enrolled. Both the Alberta PCNs and the On-
tario Family Health Groups provide care to a repre-
sentative sample of the population and are associated 
with decreased need for hospital care.14,34 It is unclear 
from our analysis which types of chronic disease man-
agement programs offered by PCNs in Alberta are as-
sociated with improvements in outcomes; however, in 
Ontario, the involvement of a nurse practitioner has 
been associated with improvements in chronic disease 
management, while changes to the funding model do 
not appear to have been associated with improvements 
in quality-of-care markers.35,36 

We are unaware of other studies comparing the ef-
fect of primary care reform on care and outcomes of 
people with diabetes who are members of a First Na-
tions or lower-SES group. Given that First Nations 
and low-income patients are at higher risk of diabetes- 
related complications,37,38 the impact of PCNs in these 
higher-risk groups is of significant interest. Despite 
better baseline health in terms of certain measures, 
First Nations persons had worse glycemic control and 
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Table 4
Quality-of-care indicators, by population type 

Indicator; OR (95% CI)

Population type HbA1c Retinal screening

General population

Unadjusted Reference Reference

Adjusted for age and sex Reference Reference

Multivariate adjusted* Reference Reference

Health care subsidy†

Unadjusted 1.20 (1.16–1.24) 1.37 (1.32–1.42)

Adjusted for age and sex 1.09 (1.05–1.13) 1.22 (1.18–1.27)

Multivariate adjusted* 1.01 (0.96–1.05) 1.17 (1.12–1.22)

Income Support

Unadjusted 1.05 (1.00–1.10) 1.02 (0.97–1.07)

Adjusted for age and sex 1.09 (1.01–1.11) 1.00 (0.95–1.06)

Multivariate adjusted* 0.95 (0.90–1.00) 0.84 (0.80–0.89)

First Nations

Unadjusted 0.66 (0.62–0.69) 0.63 (0.59–0.67)

Adjusted for age and sex 0.71 (0.68–0.75) 0.64 (0.60–0.69)

Multivariate adjusted* 0.71 (0.67–0.76) 0.56 (0.52–0.60)

CI = confi dence interval, HbA1c = glycosylated hemoglobin, OR = odds ratio, PCN = primary 
care network.
* Multivariate analysis adjusted for age, sex, hypertension, baseline estimated glomerular 

fi ltration rate, baseline HbA1c, duration of diabetes, PCN status and Charlson comorbidity 
score.

† Patients with health care subsidy were those whose annual household income was below 
$39 250 and who did not otherwise qualify for Income Support.

Table 3
Admission to hospital or visit to emergency department for diabetes-specifi c ACSC (primary 
outcome), by population type

Hospital admission or visit to emergency department for diabetes-specifi c ACSC

Population type
Crude rate per 1000 person-months 

(95% CI)
Rate ratio (95% CI)

General population 2.57 (2.43–2.71)

Unadjusted Reference

Adjusted for age and sex Reference

Multivariate adjusted* Reference

Health care subsidy† 2.56 (2.24–2.87)

Unadjusted 0.99 (0.87–1.12)

Adjusted for age and sex 1.20 (1.05–1.36)

Multivariate adjusted* 1.09 (0.96–1.25)

Income Support 10.67 (9.59–11.74)

Unadjusted 4.20 (3.71–4.76)

Adjusted for age and sex 4.43 (3.92–5.00)

Multivariate adjusted* 2.96 (2.63–3.33)

First Nations 12.35 (11.09–13.62)

Unadjusted 4.87 (4.23–5.61)

Adjusted for age and sex 5.18 (4.51–5.94)

Multivariate adjusted* 3.75 (3.30–4.26)

 ACSC = ambulatory care sensitive condition, CI = confi dence interval, PCN = primary care network.
* Multivariate analysis adjusted for age, sex, hypertension, baseline estimated glomerular fi ltration rate, baseline hemoglobin A1c, 

duration of diabetes, PCN status and Charlson comorbidity score.
† Patients with health care subsidy were those whose annual household income was below $39 250 and who did not otherwise 

qualify for Income Support.
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significantly higher crude rates of hospital admission 
or emergency department visits for diabetes-specific  
ACSCs than any of the other groups in the study, con-
sistent with the literature on health care utilization 
among First Nations populations.39–41 There are likely 
many issues contributing to higher ACSCs in this popu-
lation, including genetic, social, cultural, environment-
al and health system–related factors.42 

Our study involved 2 low-SES groups: people re-
ceiving the health care subsidy (employed with family 
income less than $39 250 and not eligible for Income 
Support) and those receiving Income Support (unable 
to work or not having found work). These groups gener-
ally had worse baseline health status than the general 
population. Furthermore, their health status generally 
followed a gradient, with patients receiving the subsidy 
having worse health than the general population, and 
those receiving Income Support having worse health 
than those receiving the subsidy. Consistent with other 
studies, we found that individuals in the Income Sup-
port group had worse glycemic control and higher rates 
of diabetes-related hospital admission or emergency 
department visits.29,43,44 

Both of the low-SES groups and the First 
Nations group had lower enrolment in PCNs 
(Table 1), possibly because they face greater 
barriers to regular primary care and are more 
likely to access care in a walk-in clinic set-
ting. For First Nations people, this approach 
to seeking care may be related to the fact that 
many live on reserve, where (as noted below) 
some health care services may be provided 
through federal programs rather than prov-
incial programs (such as PCNs). 

Our study should be interpreted in light 
of its limitations. First, SES was not avail-
able for persons 65 years of age or older, as 
they are all classified as “pensioners” in the 
Alberta Health and Wellness registry file; as 
such, people in this age group were excluded 
from our analysis. Another limitation with 
this classification system is the lack of income 
data for the First Nations cohort; as such, we 
could not determine how their SES compared 
with that of the non–First Nations group. We 
were also unable to include rurality as a vari-
able within our models, although it may be a 
relevant covariate for our outcomes of inter-
est. Analyses based on administrative data 
have well known limitations, including incon-

sistency or potential unreliability of information avail-
able in the hospital discharge abstracts and physician 
claims data used to estimate the prevalence of comor-
bid conditions. However, it is unlikely that systematic 
differences existed in terms of completeness of cod-
ing for patients cared for within or outside of a PCN or 
for patients with different SES levels. Finally, we were 
unable to identify whether First Nations people were 
living on or off reserve, a factor that could potentially 
mask some differences within the First Nations group. 
This distinction is also important because of its impli-
cations for the care people received: on many reserves, 
diabetes care is supplemented by the Aboriginal Dia-
betes Initiative (ADI) of Health Canada’s First Nations 
and Inuit Health Branch,45 care that is not recorded in 
the Alberta Health and Wellness database. However, al-
though the ADI administers the retinal screening pro-
gram, all images are read through tele-ophthalmology 
consultations in which the ophthalmologist is paid on a 
fee-for-service basis through Alberta Health and Well-
ness, which would be captured in our data. In contrast, 
point-of-care measurement of HbA1c administered 
by the ADI was not captured in the administrative 

Table 5
Utilization of primary and specialist care, by population type

Population type

Primary care 
physician visits,

RR (95% CI)

Internal medicine or 
endocrinology visit,

OR (95% CI)

General population

Unadjusted Reference Reference

Adjusted for age and sex Reference Reference

Multivariate adjusted* Reference Reference

Health care subsidy†

Unadjusted 0.21 (0.20–0.23) 1.12 (1.07–1.16)

Adjusted for age and sex 0.15 (0.13–0.16) 1.06 (1.02–1.10)

Multivariate adjusted* 1.10 (1.09–1.12) 0.98 (0.94–1.02)

Income Support

Unadjusted 0.52 (0.50–0.53) 1.33 (1.26–1.40)

Adjusted for age and sex 0.50 (0.48–0.52) 1.32 (1.26–1.39)

Multivariate adjusted* 1.48 (1.45–1.50) 1.06 (1.01–1.12)

First Nations

Unadjusted 0.40 (0.38–0.43) 0.67 (0.63–0.72)

Adjusted for age and sex 0.39 (0.37–0.41) 0.68 (0.64–0.73)

Multivariate adjusted* 1.41 (1.38–1.44) 0.60 (0.56–0.64)

CI = confi dence interval, OR = odds ratio, PCN = primary care network, RR = rate ratio.
* Multivariate analysis adjusted for age, sex, hypertension, baseline estimated glomerular 

fi ltration rate, baseline glycosylated hemoglobin, duration of diabetes, PCN status and 
Charlson comorbidity score.

† Patients with health care subsidy were those whose annual household income was below 
$39 250 and who did not otherwise qualify for Income Support.
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databases that we used; therefore, our results may 
underestimate HbA1c measurement performed for 
First Nations individuals living on reserve. 

The use of population-based administrative data is 
a major strength of this study, because it allowed us to 
undertake a population-based study of persons with 
diabetes who were receiving care in Alberta. Further-
more, the ability to combine province-wide laboratory 
data with information on health care utilization en-
abled us to assess process-based markers of care, as 
well as clinically relevant outcomes.

Care in PCNs was associated with better outcomes 
for First Nations individuals and those requiring social 
assistance, but the current model of care does not ap-
pear to fully address existing disparities, possibly be-
cause chronic disease management programs designed 
for the general population are less effective in reach-
ing people with lower SES.46,47 Patients in the lowest 
SES group may have other priorities that take preced-
ence over improving how they manage their diabetes.48 

Previous studies have suggested that chronic disease 
management programs for people with low SES may be 
more effective when specifically tailored to the needs of 
those populations,49 and certain features of such pro-
grams are recommended, including high intensity, long 
duration, and the incorporation of community outreach 
and diligent follow-up.47,50 

Consistent with prior work, we noted that care in 
PCNs was associated with better outcomes (in terms 
of hospital admission or emergency department visits 
for diabetes-specific ACSCs) for people with diabetes. 
Although this difference occurred across all population 
groups, important disparities in quality of care and 
outcomes persisted for the highest-risk groups (those 
receiving Income Support and First Nations individ-
uals, compared with the general population), which 
suggests that additional programming and different 
models of care are required for these groups. Future 
research should focus on implementing and evaluat-
ing strategies aimed at improving processes of care and 
outcomes in these high-risk groups.
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