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T ype 1 diabetes mellitus is one of the most common 
chronic diseases of childhood, with a global incidence 
that is increasing by 3%–5% per year in children.1,2 The 

annual incidence of type 1 diabetes in Quebec is 30 per 100 000 
population, similar to that of other Canadian provinces and 
among the highest in the world.3,4 Diagnosis of diabetes is pre-
ceded by a variable period of symptoms that include polyuria, 
polydipsia, weight loss, fatigue and polyphagia. If the condition is 
left untreated, between 19% (Ontario) and 40% (United States) of 
North American children will present at first-time diagnosis with 
diabetic ketoacidosis (DKA), a largely preventable life-threatening 
complication.5,6 DKA is the most common cause of death among 
children with type 1 diabetes and is associated with an increased 

risk of cerebral edema and cognitive deficits.7–9 The costs of 
1 DKA-related hospital admission are high, ranging from US$4125 
to US$11 196, in addition to the familial and societal costs associ-
ated with missed work and school days.10 Because symptoms 
exist before the onset of DKA, a delay in the diagnosis and treat-
ment of diabetes can be a risk factor for DKA.11 Other factors, such 
as younger age (<  5 yr), lower socioeconomic status and lower 
parental education, also confer an increased risk of DKA at onset 
of diabetes.11 Despite the availability of universal health care 
cover age in Canada, a substantial number of children continue to 
present with DKA at the time of diabetes diagnosis.5

Access to high-quality primary care is valuable to child health. 
Having a usual provider of care has been associated with better 
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ABSTRACT
BACKGROUND: Diabetic ketoacidosis is 
the leading cause of death among chil-
dren with type 1 diabetes mellitus, and is 
an avoidable complication at first-time 
diagnosis of diabetes. Because having a 
usual provider of primary care is impor-
tant in improving health outcomes for 
children, we tested the association 
between having a usual provider of care 
and risk of diabetic ketoacidosis at onset 
of diabetes.

METHODS: Using linked health adminis-
trative data for the province of Quebec, 
we conducted a population-based retro-
spective cohort study of children aged 
1–17 years in whom diabetes was diag-

nosed from 2006 to 2015. We estimated 
adjusted risk ratios (RRs) for an episode 
of diabetic ketoacidosis at the time of 
diabetes diagnosis in relation to usual 
provider of care (family physician, pedia-
trician or none) using Poisson regression 
models with robust error variance.

RESULTS: We identified 3704 new cases 
of diabetes in Quebec children from 2006 
to 2015. Of these, 996 (26.9%) presented 
with diabetic ketoacidosis. A decreased 
risk of this complication was associated 
with having a usual provider of care; the 
association was stronger with increasing 
age, reaching statistical significance 
among those aged 12–17 years. Within 

this age group, those who had a family 
physician or a pediatrician were 31% less 
likely (adjusted RR 0.69, 95% confidence 
interval [CI] 0.56–0.85) or 38% less likely 
(adjusted RR 0.62, 95% CI 0.45–0.86), 
respectively, to present with diabetic 
ketoacidosis, relative to those without a 
usual provider of care.

INTERPRETATION: For children with 
newly diagnosed diabetes, having a usual 
provider of care appears to be important 
in decreasing the risk of diabetic keto-
acidosis at the time of diabetes diagnosis. 
Our results provide further evidence con-
cerning the need for initiatives that pro-
mote access to primary care for children.
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overall health outcomes because of preventive and early interven-
tion for health problems, continuity of care and improved access 
to health care services.12,13 In the US, children on Medicaid with 
established type 1 diabetes were 70% less likely to have an epi-
sode of DKA if they had high relative to low continuity of primary 
care.14 Currently, about 4 million to 5 million Canadians do not 
have a usual provider of care.15 The prevention of DKA at diabetes 
diagnosis is dependent on time-sensitive care; there is limited evi-
dence on whether having a usual provider of care can contribute 
to reducing the risk of DKA at diabetes onset.16 We aimed to fill this 
important knowledge gap. We hypothesized that children with a 
usual provider of care would be less likely than those without a 
usual provider to have a DKA episode at diabetes diagnosis. 

Methods

Study design
Using multiple linked administrative databases, we conducted a 
retrospective cohort study of children aged 1–17 years living in 
Quebec, with diagnosis of diabetes between Apr. 1, 2006, and 
Mar. 31, 2015. Quebec provides universal coverage for medically 
necessary health care services for all legal residents of the province. 

Data sources and cohort identification
We used health administrative data for all individuals with dia-
betes available at the Institut national de santé publique du Qué-
bec through its chronic disease surveillance program.17 We used 
the following databases: Registered Persons Database (patient 
demographic characteristics) and Physician Service Claims Data-
base (remunerated physician services across all clinical settings), 
both maintained by the Régie de l’assurance maladie du Québec 
(RAMQ), and the Hospital Discharge Database (MED-ECHO), main-
tained by the Ministère de la Santé et des Services sociaux. The 
RAMQ linked these databases using a unique encoded identifier.18

We used the Canadian Chronic Disease Surveillance System’s 
validated definition of diabetes (specificity 99.9%, sensitivity 94%) 
to identify all children with this diagnosis during the study period. 
This definition requires 1 admission to hospital or 2 physician visit 
claims with a diabetes code, within a 2-year period.19 The date of 
diagnosis was defined as either the first admission to hospital or 
the first physician claim coded for diabetes. The algorithm does 
not distinguish between type 1 and type 2 diabetes; however, 
most (about 95%) Canadian children and youth with a diagnosis 
of diabetes have the type 1 form.20 We excluded patients with 
invalid health insurance numbers.

Outcome
The primary outcome was any DKA episode that took place at the 
time diabetes was diagnosed, identified in terms of a principal or 
secondary diagnosis of DKA from physician billings (Quebec ver-
sion of the International Classification of Diseases, 9th revision, 
codes 250.1–250.2) or from MED-ECHO hospital data (enhanced 
Canadian version of the International Statistical Classification of 
Diseases and Related Health Problems, 10th revision, codes 
E10.10–E14.10 and E10.12–E14.12) occurring within 3 days of the 
date of a diabetes diagnosis.21–23 We chose a 3-day window 

because a patient with DKA within this reasonably short period 
after diagnosis likely had DKA at the time of diagnosis. 

Exposure to usual provider of care
We defined the usual provider of care as the physician who provided 
routine primary care and was part of the child’s medical home (i.e., a 
delivery model whereby a physician provides coordin ated, continu-
ous and comprehensive primary care) or as the primary care phys-
ician from whom the child sought care most often and who may 
have also provided aspects of the medical home.13,24,25 For each 
patient, we examined all physician claims made in the 2 years and 
up to 7 days before the date of diabetes diagnosis (index date). 
Although children younger than 2 years had a shorter exposure 
period, they would have had more opportunities for physician 
encounters, given there are at least 6 recommended preventive 
visits during these early years (www.rourkebabyrecord.ca/). We 
defined the exposure period as ending up to 7 days before the index 
date, to minimize misclassifying children who had several visits in a 
short period before diagnosis as having a usual provider of care; we 
felt that this pattern of visits would not truly indicate a regular 
source of primary care. In Quebec, primary care for children is 
mainly delivered by family physicians and pediatricians. 

To identify a child’s usual provider of care, we adapted an algo-
rithm for the pediatric population that was previously developed 
using Quebec health administrative data.24 Our algorithm assigned 
a usual provider of care according to the following hierarchy: the 
usual provider of care billed codes that identified the patient as 
being enrolled into a practice (available to family physicians); the 
usual provider of care billed codes used for monitoring routine 
growth and development (available to pediatricians); or, on the 
basis of all primary health care visits, the usual provider of care 
billed at least 2 visits and had provided most of these visits. In the 
case of a tie for the third step of the algorithm, we assigned a fam-
ily physician as the usual provider of care if 2  complete annual 
medical exams were billed by a family physician; otherwise, a 
pediatrician was assigned as the usual provider of care. Patients 
who did not fulfill any of these criteria were assigned to the cate-
gory “no usual provider of care” (see complete algorithm in 
Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.170676/-/DC1).

Covariables
The covariables were sex, age, combined material and social 
deprivation index (a proxy for socioeconomic status) and rurality 
status at diagnosis. We categorized participants into the following 
age groups: preschool (1–4 yr), school age (5–11 yr) and adoles-
cence (12 to ≤ 17 yr). We determined socioeconomic status using a 
validated area-based deprivation index, whereby each individual 
was assigned a material and a social deprivation quintile (1 = most 
privileged, 5 = most deprived).26 The material and social quintiles 
were combined, and individuals were grouped into 3 categories: 
least deprived, moderately deprived and most deprived. We 
defined rurality status using the Census Metropolitan Areas and 
Census Agglomeration Influenced Zones developed by Statistics 
Canada.27 There were 3 rurality categories: urban (population > 
100 000), small cities (population 10 000–100 000) and rural 
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 (population < 10 000). We assigned deprivation index and rurality 
status according to the individual’s residential postal code.

Statistical analysis
We used t tests to compare continuous variables and the Pearson 
χ2 test for categorical variables. We used multivariable Poisson 
regression analysis with robust error variance to model the relation 
between having a usual provider of care and DKA at diabetes diag-
nosis and to obtain an adjusted relative risk (RR). The final model 
included all of the covariables selected a priori. Because the associ-
ation between usual provider of care and DKA could be modified by 
age (whereby it may be more difficult to diagnose diabetes in 
younger children despite their having a usual provider of care), we 
added an interaction term for age group and usual provider of care. 
We included in the analysis individuals with missing variables. 

We conducted a sensitivity analysis using a different definition 
for usual provider of care: in step 3 of the algorithm, patients with 
at least 2 visits with a pediatrician were assigned as having a pedi-

atrician as the usual provider of care, and patients with at least 
2 visits with a family physician were assigned as having a family 
phys ician as the usual provider of care. We conducted another 
sensitivity analysis with different definitions for the exposure 
period (i.e., from 30 d to up to 1 d before the index date). 

We performed statistical analyses with SAS software, version 9.4 
(SAS Institute). The statistical tests were 2-sided with significance at 
p < 0.05.

Ethics approval
This study was approved by the Research Ethics Board of the 
McGill University Health Centre.

Results

We identified 3704 patients with newly diagnosed diabetes 
(Table 1). The mean age at diagnosis was 10.1 (standard deviation 
4.8) years, and 1944 (52.5%) were males. Of the overall study 

Table 1: : Characteristics of children with and without diabetic ketoacidosis at the time of diagnosis of type 1 
diabetes mellitus

Characteristic

Group; no. (%) of participants*

p valueStudy population Without DKA With DKA

Population size 3704 (100.0) 2708 (73.1) 996 (26.9)

Age, yr, mean ± SD 10.1 ± 4.8 10.3 ± 4.9 9.3 ± 4.6 < 0.001

Age, yr, by category < 0.001

    1–4 666 (18.0) 476 (17.6) 190 (19.1)

    5–11 1403 (37.9) 954 (35.2) 449 (45.1)

    12–17 1635 (44.1) 1278 (47.2) 357 (35.8)

Sex 0.5

    Male 1944 (52.5) 1412 (52.1) 532 (53.4)

    Female 1760 (47.5) 1296 (47.9) 464 (46.6)

Socioeconomic status (social and 
material deprivation)†

0.1

    Least deprived 1544 (43.0) 1154 (44.0) 390 (40.5)

    Moderately deprived 729 (20.3) 531 (20.2) 198 (20.5)

    Most deprived 1316 (36.7) 940 (35.8) 376 (39.0)

Rurality‡ 0.04

    Urban (population > 100 000) 2438 (66.1) 1787 (66.2) 651 (65.7)

    Small cities (population 10 000–100 000) 477 (12.9) 328 (12.2) 149 (15.0)

    Rural (population < 10 000) 775 (21.0) 584 (21.6) 191 (19.3)

Usual provider of care 0.004

    None 1527 (41.2) 1073 (39.6) 454 (45.6)

    Family physician 1437 (38.8) 1084 (40.0) 353 (35.4)

    Pediatrician 740 (20.0) 551 (20.3) 189 (19.0)

Note: DKA = diabetic ketoacidosis, SD = standard deviation.
*Except where indicated otherwise.
†Missing socioeconomic status for 115 of the study population, consisting of 83 without and 32 with DKA. For this variable, social and material quintiles were 
combined into a 5 × 5 table, and the 25 combined categories were grouped into 3 categories: least deprived, moderately deprived and most deprived.
‡Missing rurality for 14 of the study population, consisting of 9 without and 5 with DKA.
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 population, 2177 (58.8%) had a usual provider of care before diag-
nosis of diabetes, and 996 (26.9%) presented with DKA at the time of 
dia betes onset. By age group, the rate of DKA was 28.5% (190/666) 
among those 1–4 years old, 32.0% (449/1403) among those 
5–11 years old and 21.8% (357/1635) among those 12–17 years old. 

The interaction term between age group and usual provider of 
care was significant, and was therefore included in the final multi-
variable model (Table 2 and Appendix 2, available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.170676/-/DC1). Having a usual pro-
vider of care was associated with a decreased risk of DKA; however, 
while the association became stronger with increasing age, it was 
statistically significant only for those 12–17 years of age (Table 2). 
Those receiving care from a family phys ician or a pediatrician were 
31% less likely (adjusted RR 0.69, 95% confidence interval [CI] 0.56–
0.85) or 38% less likely (adjusted RR 0.62, 95% CI 0.45–0.86) to pres-
ent with DKA, relative to those without a usual provider of care 
(Table 2). Appendix 2 presents the interaction term showing the 
effect of age classified by usual provider of care, whereby within 
each category, those less than 12 years old were more at risk of DKA 
than those 12–17 years old.

In terms of social and material deprivation, children from the 
most deprived category were 14% more likely to have a DKA epi-
sode than those in the least deprived category (adjusted RR 1.14, 
95% CI 1.01–1.28). In terms of rurality, those living in small cities 
were 17% more likely to have a DKA episode than those living in 
urban areas (adjusted RR 1.17 95% CI 1.01–1.35).

Sensitivity analyses
In the sensitivity analyses, the association between having a 
usual provider of care and risk of DKA did not change, either 
when we redefined the algorithm for assigning usual provider of 
care (whereby in step 3, a pediatrician was assigned as the usual 
provider of care if there were ≥ 2 visits with pediatrician or a fam-
ily physician was assigned if there were ≥ 2 visits with a family 
physician) or when we varied the exposure period (from 30 d, 
14 d and 1 d up to the index date) (Appendix 3, available at www.
cmaj.ca/lookup/suppl/doi:10.1503/cmaj.170676/-/DC1).

Interpretation

In this population-based study, more than 25% of children pre-
sented with DKA at the time of diabetes onset. The risk of DKA at 
diabetes onset increased with younger age, living in smaller 
cities, and greater social and material deprivation. Having a 
usual provider of care was associated with a reduced risk of DKA 
at diabetes onset, but this protection reached statistical signifi-
cance only among those 12–17 years of age. Adolescents who 
had a family physician or pediatrician were 31% less likely or 
38% less likely, respectively, to present with DKA relative to ado-
lescents without a usual provider of care.

Previous studies have examined health service utilization in the 
period leading up to diagnosis.5,16,28 A single-centre survey in the 
US found no difference in access to primary care between children 
who presented with DKA and those who did not; however, this 
result may have been attributable to the small sample size (n = 
61).16 A population-based cohort study in Canada found that, rela-

tive to children who did not have DKA, those who presented with 
DKA were more likely to have had at least 1 medical visit in the 
week preceding the diagnosis of diabetes.5 Similarly, a retrospec-
tive chart audit in New Zealand showed that children who pre-
sented with DKA were more likely to have had 1 or more primary 
care visits in the month preceding diagnosis.28 Although the latter 
2 studies did not specifically measure access to primary care, they 
do suggest that the quality of primary care encounters is an impor-
tant factor in decreasing DKA risk. Our population-based study 
adds to this literature, suggesting that having a usual provider of 
care is an important factor in mitigating DKA risk.

Table 2: Crude proportions and adjusted relative risk 
of diabetic ketoacidosis at diabetes diagnosis

Covariable

No. (%) of patients 
with DKA, 

by characteristic
Adjusted RR

(95% CI)*

Usual provider of care†

Age 1–4 yr 190/666 (28.5)

None 33/114 (29.0) 1.00 (ref)

Family physician 99/337 (29.4) 1.01 (0.73–1.41)

Pediatrician 58/215 (27.0) 0.93 (0.65–1.34)

Age 5–11 yr 449/1403 (32.0)

None 206/589 (35.0) 1.00 (ref)

Family physician 147/505 (29.1) 0.84 (0.71–1.00)

Pediatrician 96/309 (31.1) 0.89 (0.73–1.09)

Age 12–17 yr 357/1635 (21.8)

None 215/824 (26.1) 1.00 (ref)

Family physician 107/595 (18.0) 0.69 (0.56–0.85)

Pediatrician 35/216 (16.2) 0.62 (0.45–0.86)

Sex

Female 464/1760  (26.4) 1.00 (ref)

Male 532/1944  (27.4) 1.02 (0.92–1.14)

Socioeconomic status‡

Least deprived 390/1544 (25.3) 1.00 (ref)

Moderately deprived 198/729 (27.2) 1.10 (0.95–1.27)

Most deprived 376/1316 (28.6) 1.14 (1.01–1.28)

Rurality

Urban (population 
> 100 000)

651/2438 (26.7) 1.00 (ref)

Small cities (population 
10 000–100 000)

149/477 (31.2) 1.17 (1.01–1.35)

Rural (population < 10 000) 191/775 (24.6) 0.89 (0.77–1.02)

Note: CI = confidence interval, DKA = diabetic ketoacidosis, ref = reference value, 
RR = relative risk.
*Adjusted for usual provider of care, age group, usual provider of care × age group 
(interaction term), sex, socioeconomic status and rurality.
†Results for the interaction term presented in this table show the effect of usual 
provider of care × age. For example, among those 12–17 years old, having a family 
physician or pediatrician reduced the risk of DKA. The interaction terms for the effect 
of usual provider of care × age are provided in Appendix 2 (available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.170676/-/DC1).
‡Social and material deprivation.  
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Similar to our findings, studies in the general pediatrics litera-
ture have shown an association between having a usual provider 
of care and decreased use of acute health services (i.e., hospital 
admissions, emergency department visits).12,29,30 Several mechan-
isms may explain the relation between having a usual provider of 
care and presence of DKA at diabetes onset. These include the 
beneficial effects of continuous primary care, whereby the pro-
vider has background knowledge of a child’s baseline health sta-
tus and would be more alert to new symptoms; the beneficial 
effects of preventive care, whereby parents are counselled during 
well-child care visits about general health and are told whom to 
contact in case of illness; and the beneficial effects of the underly-
ing physician–patient relationship, which may influence families’ 
health-seeking behaviours, with parents being more willing to 
seek medical help from their usual provider of care for nonemer-
gent issues.12,31 As a result, the dynamics that result from having a 
usual provider of care may contribute to more timely access to the 
health care system, thus decreasing the diagnostic delay and 
prompting early institution of treatment.

Among younger children, having a usual provider of care may 
not be protective against DKA for several reasons; for example, the 
classic symptoms of diabetes may not be obvious,32 which may 
result in a delay in seeking health care (whether or not there is a 
diagnosis), and younger children may have less well-developed 
compensatory mechanisms, which could result in faster develop-
ment of acidosis and dehydration. In previous studies, children 
under 3 years of age were more likely to have at least 1 medical 
encounter within the 4 weeks preceding a diagnosis of diabetes 
and were more likely to be given an alternative diagnosis, relative 
to children in older age groups.5,32 Increasing public or physician 
awareness of the symptoms of diabetes in this age group may miti-
gate the risk of DKA in younger children.33

That living in small cities was a risk factor contrasts with a 
previous European study, which found no association between 
rural–urban status and DKA risk.34 The distribution of physician 
resources and access to health care may differ across geographic 
settings, which could explain our observations; however, this 
potential association should be explored further.35 As described 
in other studies, we found that deprivation was associated with 
an increased DKA risk at diabetes onset.5 Possible drivers of this 
association include lower parental education and hence 
decreased awareness of symptoms.36,37

Limitations
Although our study included data for all Quebec children and 
youth with universal health insurance, there were some limita-
tions. The mechanism underlying the observed association 
between having a usual provider of care and reduced risk of DKA 
could not be fully elucidated with administrative data. For exam-
ple, we could not measure characteristics of the patient–physician 
relationship, including the quality, accessibility and comprehen-
siveness of care. We also could not verify the classification of usual 
provider of care, although we conducted sensitivity analyses to 
investigate misclassification bias. In addition, similar algorithms 
based on the primary care provider who provided the most visits 
have been applied to describe regular providers of primary care for 

children in Ontario.38,39 There may have been cases in our study in 
which a child had not seen the usual provider of care in the 2-year 
exposure period and was incorrectly classified as not having a 
usual provider of care. However, the usual provider of care should 
be up to date with a child’s health, especially for rapidly growing 
and developing children. A minority of Quebec physicians (about 
2%) are paid by salary, and a small proportion of children may 
thus have been misclassified as not having a usual provider of 
care.17,40 Although nurse practitioner visits may not appear in the 
data, these professionals work alongside family physicians who 
would have billed for enrolling most of these patients.

Conclusion
Our findings from this large, population-based study suggest that 
having a usual provider of care was associated with a decreased 
risk of DKA at diabetes onset and that this association strengthened 
with increasing age, reaching statistical significance for those aged 
12–17 years. Our study provides further evidence for policy-makers 
about the need to develop and strengthen initiatives that promote 
primary care for children. Our results highlight the need to develop 
targeted interventions for children under 12 years of age, including 
increasing public and physician awareness (through educational 
campaigns) about the symptoms of diabetes in this age group. 
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