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The prevalence of type 1 diabetes mellitus in children 
has been growing rapidly; between 2001 and 2009, 
it rose 22% in the United States (from 1.5 to 1.9 

per 1000)1 and 34% in Canada (from 2.0 to 3.0 per 1000) 
among children aged 19 years or younger.2 Children with 
diabetes mellitus have severe morbidity and 3-fold increased 
mortality,3 primarily because of acute, potentially prevent-
able complications4 (e.g., diabetic ketoacidosis). Children 
from low-income families are at the highest risk — they have 
poorer disease control, higher rates of life-threatening com-
plications and worse outcomes.5–7 It is unknown how differ-
ent health system models affect health care delivery and out-
comes for children with diabetes mellitus.

In Ontario, residents have universal access to health care, 
and children with diabetes receive care from a network of spe-
cialized centres that integrate generalists. Because health 
insurance is universal, few programs specifically target support 

to children from low-income families. In contrast, in the US, 
care for children with diabetes mellitus is covered by a variety 
of health-insurance payers (e.g., public, commercial, man-
aged-care), as well as a variety of care system structures (e.g., 
independent medical providers, health management organiza-
tions). Federal funds (from Title V of the Social Security Act) 
enable programs such as California Children’s Services to tar-
get supports for children from low-income families who have 
chronic diseases, including diabetes.8
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Background: Children with diabetes mellitus in low-income families have poor outcomes, but little is known as to how this relates to 
healthcare system structure. Our objective was to gain insight into how best to structure health systems to serve these children by 
describing their health care use in 2 health system models: a Canadian model, with an organized diabetes care network that includes 
generalists, and an American model, with targeted support services for children from low-income families.

Methods: We performed a population-based retrospective cohort study involving children aged 1–17 years with type 1 diabetes mel-
litus. We used administrative data from between 2009 and 2012 from the California Children’s Services program and Ontario. We 
used Ontario Drug Benefit Program enrolment to identify children from low-income families. Proportions of children receiving 2 or 
more routine diabetes visits per year were compared using χ2 tests, and diabetes-complication hospital admission rates were com-
pared using direct standardization.

Results: More California children from low-income families (n = 4922) received routine care for diabetes from pediatric endocrinolo-
gists (63.9% v. 26.9%, p < 0.001) and used insulin pumps (22.8% v. 16.4%, p < 0.001) than Ontario children (n = 2050).California 
children from low-income families were less likely than Ontario children to receive 2 visits for routine diabetes care per year (64.7% v. 
75.7%, p < 0.001), and had slightly higher per-patient year hospital admission rates for diabetes complications (absolute differences 
0.02, 95% confidence interval [CI] 0.02–0.02, for boys; 0.03, 95% CI 0.03–0.03, for girls). 

Interpretation: Ontario children from low-income families received more routine diabetes care than did California children from low-
income families. Both groups of children had clinically comparable rates of hospital admission for diabetes complications. Diabetes 
care networks that integrate generalists may play a role in improving access and outcomes for the growing population of children with 
diabetes.
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The primary aim of this study was to gain insight into how 
best to structure health care systems to meet the needs of chil-
dren with diabetes mellitus from low-income families by 
describing their demographics and patterns of health care use 
in these 2 health system models. The secondary aim of this 
study was to examine outcomes across socioeconomic status 
within Ontario to better put our findings in context.

Methods

Data source and study design
We performed a retrospective cohort analysis using well -
validated population-based administrative health databases 
from California Children’s Services9 and Ontario.10,11 The 
California Children’s Services database contains demograph-
ics and information on all paid hospital, emergency depart-
ment and outpatient visits for enrollees. This database has not 
been formally validated, but it has been used in previous stud-
ies involving children with diabetes.9,12

Ontario databases were linked via unique encoded individ-
ual identifiers. These databases included the Ontario Diabetes 
Database, a validated population-based database of all Ontario 
residents with diabetes mellitus;13,14 the Registered Persons 
Database (demographics); the Ontario Health Insurance Plan 
(OHIP) Database (physician billing claims), from which dia-
betes diagnoses codes have been used in validation studies;13,14 
the Ontario Drug Benefit Program Database; the Hospital 
Discharge Abstract Database, for which a diabetes diagnosis 
was found to be accurate in 94.5% of charts included in a 
large re-abstraction study;15 the National Ambulatory Care 
Registry (emergency department information), with 84% 
overall interrater reliability of diagnosis information;10 the 
Physician Database; and the Assistive Devices Program data-
base, which although not formally validated, includes infor-
mation on the prevalence of use of insulin pumps in children 
that matches prospectively collected data on this population.16 

In addition, we used the 2006 Canadian Census to assign 
neighbourhood income quintiles to Ontario residents. 

Study population and setting
We included all children aged 1–17 years with diabetes melli-
tus from 2009 to 2012 who were either enrolled in the Califor-
nia Children’s Services program or residing in Ontario. We 
identified children in the California Children’s Services pro-
gram with diabetes mellitus by identifying children with the 
International Classification of Diseases, 9th revision, Clinical 
Modification (ICD-9-CM) code 250 (diabetes mellitus) listed 
as the eligible diagnosis code and with at least 1 insulin claim 
(Appendix 1, available at www.cmajopen.ca/content/4/4/E729/
suppl/DC1).12 In Ontario, we used the Ontario Diabetes Data-
base13 and divided children between 2 cohorts: those with 
Ontario Drug Benefit Program claims (children from low-
income families) and all other children. We restricted all 
cohorts to children enrolled in health care for 365 or more 
consecutive days. For the main 2 cohorts, California Chil-
dren’s Services and Ontario Drug Benefit Program, we 
restricted inclusion to children with type 1 diabetes mellitus by 

excluding all children using oral hypoglycemic agents (used 
primarily in type 2 diabetes mellitus) based on drug identifica-
tion numbers (Ontario) and national drug codes (California) 
(Appendix 1).

California and Ontario are the most populous state and 
province in the US and Canada, respectively.17,18 In 2010, 
children younger than 18 years of age represented 25% of the 
California population, and children less then 20 years of age 
represented 23% of the Ontario population.19,20 California 
Children’s Services supports care for children from low-
income families with certain chronic diseases, including diabe-
tes mellitus.8 The program sets resource and care stan-
dards21,22 for the multidisciplinary care of children with 
diabetes mellitus at California Children’s Services–approved 
clinics, and can provide supplemental funding for clinics to 
meet these standards. California Children’s Services also pro-
vides supplemental coverage for medical devices (e.g., glu-
cometers, lancets) and case-management support (public 
health insurance enrolment, accessing care through California 
Children’s Services–approved centres, securing transporta-
tion, monitoring adherence).

In Ontario, residents have access to universal government 
insurance that covers all medically necessary health care ser-
vices, with the exception of prescription drugs. Drug costs are 
handled out of pocket, with private extended health benefits, 
or through the Ontario Drug Benefit Program (covers people 
aged > 65 yr and people who receive social assistance). Medi-
cal care for children with diabetes mellitus in Ontario is pro-
vided by the Ontario Paediatric Diabetes Network, which 
consists of specialized pediatric diabetes centres (30 secondary 
level and 5 tertiary level). These centres have multidisci-
plinary core teams that consist of nurses, dieticians and social 
workers who work closely with the physicians. Some centres 
are staffed by generalist physicians (pediatricians or family 
physicians) but would have access to consultation by pediatric 
endocrinologists from the tertiary centers.16,23

Patient characteristics
Socioeconomic status for children in Ontario was described 
using Ontario Drug Benefit Program enrolment and neigh-
bourhood income quintile at the level of the dissemination 
area (representing a population of about 400–700 people) and 
adjusted for household and community size.24 Children were 
eligible for the Ontario Drug Benefit Program if their 
expected prescription costs were more than 4% of household 
income, or if their families were receiving social assistance. 
Children were eligible for California Children’s Services if 
medical expenses were more than 20% of household income8 
or if household income was less than 250% of the federal pov-
erty line (annual household income < US$22 050 in 2009).25 
For children in California Children’s Services, race and pri-
mary insurance were used to describe socioeconomic status. 
During the study period, children in California qualified for 
Medicaid if household income was less than 100%–133% of 
the federal poverty level.26

We identified insulin pump use using the Assistive Devices 
Program database (Ontario) and billing claims for insulin 
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pumps or pump batteries (California) (Appendix 1). We 
determined specialty of diabetes care providers by identifying 
the physician who provided most of the outpatient diabetes 
care (diagnosis ICD-9-CM code 250.xx), then using the phy-
sician database (Ontario) and the National Provider Identifier 
(California). Distance from nearest diabetes centre was deter-
mined using home postal code.27 We defined urban location 
in California using the United States Department of Agricul-
ture definition (county population ≥ 250 000),28 and in 
Ontario using the Statistics Canada definition (≥ 400 people/
km2).18 Any missing data were described.

Outcome measures
We determined rates of hospital admission for diabetes melli-
tus complications using the specifications of the Agency for 
Healthcare Research and Quality (primary diagnoses of dia-
betic ketoacidosis, diabetes with hyperosmolarity, diabetes 
with coma or uncontrolled diabetes).29 We translated ICD-9 
-CM codes to ICD-10 codes for Ontario (Appendix 1). We 
excluded admissions to hospital for therapy initiation, defined 
as an admission that started within 30 days of diagnosis 
(Ontario) or enrollment in California Children’s Services 
(California). We determined the proportion of children 
receiving 2 or more routine outpatient visits for diabetes care 
per year (Appendix 1),30–32 rates of emergency department vis-
its for complications of diabetes mellitus not resulting in an 
admission to hospital (using the same codes as admissions for 
diabetes mellitus complications) and rates of all other hospital 
admissions (to explore whether there may be different admis-
sion thresholds across jurisdictions).

Statistical analyses
We did separate but parallel analyses on both cohorts 
because privacy legislation does not allow data from the 2 
jurisdictions to be merged. We compared characteristics of 
children in our low-income cohorts (California and Ontario) 
using χ2 tests for categorical variables and Student t tests for 
continuous variables. To compare rates of hospital admission 
for diabetes mellitus complications per person-year, we used 
direct standardization to control for differences in age distri-
bution and stratified by sex (standardized to 2010 California 
age distribution).17 We then calculated absolute differences of 
rates with 95% confidence intervals (CIs). We compared 
proportions of children receiving 2 or more routine visits for 
diabetes mellitus per year using χ2 tests. We compared char-
acteristics and health care use within Ontario, comparing 
children from low-income families to all other Ontario chil-
dren. In addition, we performed a sensitivity analysis that 
included only children using insulin pumps (to explore 
whether rates differed by pump use). SAS version 9.2 (SAS 
Institute) was used for analyses.

Ethics approval
This study was approved by the Hospital for Sick Children 
(Toronto, Ont.), Sunnybrook Health Sciences Centre 
(Toronto) and Stanford University (Palo Alto, Calif.) research 
ethics boards.

Results

Characteristics of children with diabetes mellitus from low-
income families in California (California Children’s Services) 
and Ontario (Ontario Drug Benefit Program) are described in 
Table 1. There were 4922 children with diabetes from low-
income families in California (11 836 patient-years, mean = 
2.4 yr per child) and 2050 children with diabetes from low-
income families in Ontario (5300 patient-years, mean = 2.6 yr 
per child). There was a smaller proportion of boys in the Cali-
fornia cohort (p < 0.001). A higher proportion children in the 
California cohort were on insulin pumps compared with chil-
dren in the Ontario cohort (22.8% v. 16.4%, p < 0.001). More 
than twice as many children from low-income families in Cal-
ifornia had diabetes mellitus care provided by pediatric endo-
crinologists compared with Ontario children (63.9% v. 
26.9%, p < 0.001).

Age-standardized rates of hospital admission for diabetes 
mellitus complications are presented in Figure 1. Children 
from low-income families in Ontario had lower rates than 
their peers in California (0.06 v. 0.08 admissions/patient-year 
for boys and 0.08 v. 0.11 admissions/patient-year for girls, 
absolute differences 0.02 [95% CI 0.02–0.02] for boys and 
0.03 [95% CI 0.03–0.03] for girls).

Table 2 shows a higher proportion of children from low-
income families in Ontario received 2 or more routine diabe-
tes visits per year compared with children in California 
(75.7% v. 64.7%, p < 0.001). Children from low-income fami-
lies in Ontario and California had equal rates of visits to 
emergency departments for diabetes complications (0.03 vis-
its/patient-year, p = 1). We found no differences in rates of 
other admissions to hospital.

Ontario children from low-income families 
compared with all other Ontario children
A lower proportion of Ontario children from low-income 
families (Ontario Drug Benefit Program) were using insulin 
pumps compared with all other Ontario children (16.4% v. 
23.5%, p < 0.001) (Table 3). Children from low-income fami-
lies in Ontario had higher rates of hospital admission for dia-
betes complications compared with all other Ontario children 
with diabetes mellitus (0.06 v. 0.02 admissions/patient-year 
for boys and 0.08 v. 0.03 admissions/patient-year for girls; 
absolute differences 0.04, 95% CI 0.04–0.04, and 0.05, 95% 
CI 0.05–0.05, respectively). However, a slightly higher pro-
portion of children from low-income families received 2 or 
more routine diabetes visits per year (75.7% v. 71.0%, p < 
0.001) compared with all other Ontario children.

Comparisons in uses of insulin pumps
Among children from low-income families in California, 
age- and sex-standardized rates of hospital admission for diabe-
tes mellitus complications were lower for children with insulin 
pumps than for those without (0.07, 95% CI 0.06–0.08, v. 0.09, 
95% CI 0.09–0.10, admissions/patient-year; absolute differ-
ence 0.02, 95% CI 0.02–0.02]). For children in Ontario, there 
were no differences by pump status. There were no differ-
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Table 1: Characteristics of children with diabetes mellitus from low-income families in Ontario and California

Characteristic
California
n = 4922

Ontario
n = 2050

p value*
(Ontario v. California)

Male sex, no. (%) 2265 (46.0) 1077 (52.5) < 0.001

Age, yr

    Mean ± SD 10.8 ± 3.9 10.5 ± 4.1 0.004

    Median (IQR) 11 (8–14) 11 (8–14)

Income quintile, no. (%)†

    5 (highest) 273 (13.3)

    4 339 (16.5)

    3 360 (17.6)

    2 431 (21.0)

    1 (lowest) 637 (31.1)

    Missing 10 (0.5)

Type of insurance, no. (%)‡

Medicaid 2511 (51.1)

Healthy families 350 (7.1)

CCS-only 88 (1.8)

Mixed§ 1973 (40.1)

Race, no. (%)‡

White 1396 (28.4)

Black 444 (9.0)

Hispanic 2288 (46.5)

Native American 20 (0.4)

Asian/Pacific Islander 190 (3.9)

Other 471 (9.5)

Unknown 113 (2.3)

Insulin pump, no. (%) 1124 (22.8) 336 (16.4) < 0.001

DM care provider type, no. (%)

    Pediatric endocrinologist 3144 (63.9) 551 (26.9) Reference

    Pediatrician 676 (13.7) 971 (47.4) < 0.001

    Adult endocrinologist 32 (0.7) 81 (4.0) < 0.001

    Family physician 74 (1.5) 172 (8.4) < 0.001

    Internal medicine 8 (0.2) 24 (1.2) < 0.001

    Unknown 627 (12.7) 200 (9.8) –

    Other 341 (6.9) 51 (2.5) –

Distance to nearest DM centre, km

    Mean ± SD 46.2 ± 53.6 16.5 ± 23.8 < 0.001

    Median (IQR) 25.6 (12.2–59.9) 8 (4–20)

Location, no. (%)

Rural 155 (3.2) 273 (13.3) < 0.001

Urban 4767 (96.9) 1775 (86.6)

Note: CCS = California Child Services, DM = diabetes mellitus, IQR = interquartile range, SD = standard deviation.
*Determined using χ2 test for categorical variables and Student’s t test for continuous variables.
†Only calculated for Ontario children.
‡Only calculated for California children.
§Children who switched insurance status during the time period.
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ences in rates of hospital admission for diabetes complications 
between children from low-income families with insulin 
pumps from California or Ontario.

Interpretation

In this large, population-based, cross-national study, we found 
significant differences in health care delivery for children with 
type 1 diabetes mellitus from low-income families. Care for 
most children from low-income families in California was 
provided by pediatric endocrinologists, whereas in Ontario, 
care was provided by general pediatricians. Ontario children 
from low-income families were more likely to receive routine 
care for diabetes mellitus compared with California children 
from low-income families, but had clinically comparable rates 
of admission to hospital for diabetes mellitus complications.

Major structural differences exist in how care is provided in 
California and Ontario, and these differences may contribute to 
some of our findings. In Ontario, the Ontario Paediatric Dia-
betes Network aids generalists in providing diabetes care by 
linking them to pediatric endocrinologists and multidisciplinary 
teams at tertiary centres.8 In contrast, most physician care in 
California Children’s Services is provided directly by pediatric 
endocrinologists. Given the higher rates of routine visits and 
clinically comparable rates of diabetes mellitus complication in 
Ontario, our findings suggest that models of care with general-
ists practising within multidisciplinary diabetes settings may be 
effective. Previous studies comparing care models of subspecial-
ist versus shared-care (generalists and pediatric endocrinolo-
gists) for children with diabetes mellitus found no differences in 
adherence to guideline recommendations or glycemic con-
trol.5,30 Shared care models may help overcome geographic bar-
riers to accessing care, which is important in the context of our 
findings that children in California Children’s Services lived 
further from the nearest diabetes mellitus centres.30 Given the 
rising prevalence of diabetes mellitus, shared-care models may 
become essential for meeting health care needs of this growing 
population. A 2008 US study found substantial geographic dis-

parities in supply of pediatric endocrinologists.33 The authors 
concluded that shared-care models and increased capacity of 
primary care physicians were essential to address the needs of 
children with diabetes mellitus.33

We found lower complication rates for children from low-
income families in California who used insulin pumps com-
pared with those who did not. Previous Canadian work investi-
gating the relationship between social determinants of health 
and glycemic control in children with diabetes mellitus showed 
that children with the most deprivation had poorer glycemic 
control and lower rates of pump use; however, pump use had a 
moderating effect on socioeconomic gradients in glycemic 
control.7 This is in line with our findings for children from 
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Figure 1: Age-standardized rates of hospital admission for diabetes 
mellitus complications, by sex, among children from low-income fami-
lies in California and Ontario. Rates were higher for California chil-
dren (absolute differences 0.02 [95% confidence interval (CI) 0.02–
0.02]/patient-year for boys; 0.03 [95% CI 0.03–0.03]/patient-year for 
girls). CCS = California Children’s Services, ODBP = Ontario Drug 
Benefit Program.

Table 2: Comparison of other healthcare use by children with diabetes mellitus from low-income families in California and Ontario

Type of visit

      Jurisdiction

California
n = 4922

Ontario
n = 2050 p value*

DM-routine visits

    Proportion with ≥ 2 visits per person-year, no. (%) 3185 (64.7) 1552 (75.7) < 0.001

    Visits per patient-year, mean (95% CI) 2.85 (2.80–2.90) 3.40 (3.35–3.45) < 0.001

Other hospital admissions

    Admissions per patient-year, mean (95% CI) 0.11 (0.11–0.09) 0.12 (0.11–0.13) 0.05

Rate of emergency department visits for DM complications†

    Visits per patient-year, mean (95% CI) 0.03 (0.02–0.03) 0.03 (0.03–0.04) 1.0

Note: CI = confidence interval, DM = diabetes mellitus.
*Determined using χ2 test for proportion with > 2 DM routine visits, Student t test for visit or admission rates per patient-year.
†Excludes visits that end in hospital admission.
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low-income families in California. Pump use is higher among 
children from low-income families in California than in 
Ontario, and a substantial socioeconomic gradient exists within 
Ontario. Ontario has eligibility criteria for pump funding, but 

there are no such guidelines in California. Greater insulin pump 
use among children from low-income families in California may 
also be due to greater clinic support (care coordinators), comfort 
with pump use in high-risk populations, professional detailing 

Table 3: Comparison of children with diabetes mellitus from low-income families to all other children 
within Ontario

Characteristic

Low-income 
children
n = 2050

All other children
n = 6120 p value*

Patient characteristics

Male sex, no. (%) 1077 (52.5) 3200 (52.3) 0.8

Age, yr

    Mean ± SD 10.5 ± 4.1 11.1 ± 4.0 < 0.001

    Median (IQR) 11 (8–14) 12 (9–14)

Income quintile,no. (%)

    5 (high) 273 (13.3) 1498 (24.5) Reference

    4 339 (16.5) 1400 (22.9) 0.002

    3 360 (17.6) 1262 (20.6) < 0.001

    2 431 (21.0) 1058 (17.3) < 0.001

    1 (low) 637 (31.1) 830 (13.6) < 0.001

    Missing 10 (0.5) 72 (1.2) –

Insulin pump, no. (%) 336 (16.4) 1441 (23.5) < 0.001

DM care provider type, no. (%)

    Pediatric endocrinologist 551 (26.9) 1473 (24.1) Reference

    Pediatrician 971 (47.4) 2685 (43.9) 0.6

    Adult endocrinologist 81 (4.0) 243 (4.0) 0.4

    Family physician 172 (8.4) 526 (8.6) 0.2

    Internal medicine 24 (1.2) 105 (1.7) 0.03

    Unknown 200 (9.8) 1013 (16.6) –

Distance to nearest DM centre, km

    Mean ± SD 16.5 ± 23.8 24.4 ± 102.8 < 0.001

    Median (IQR) 8 (4–20) 9 (5–20)

Location, no. (%)

Rural 273 (13.3) 818 (13.4) 0.9

Urban 1775 (86.6) 5263 (86.0)

Health care use (n = 2192) (n = 6120)

Age-standardized admissions to hospital for DM complications

Boys, admissions per patient-year, mean (CI) 0.06 (0.05–0.07) 0.02 (0.02–0.03) < 0.001†

Girls, admissions per patient-year, mean (CI) 0.08 (0.07–0.09) 0.03 (0.03–0.04) < 0.001†

Other admissions per patient-year, mean (CI) 0.12 (0.11–0.13) 0.05 (0.05–0.05) < 0.001†

DM routine visits

Proportion with ≥ 2 visits per person-year, n (%) 1552 (75.7) 4345 (71.0) < 0.001†

Visits per patient-year, mean (CI) 3.40 (3.35–3.45) 3.18 (3.15–3.21) < 0.001†

Rate of visits to emergency department for DM complications

Visits per patient-year, mean (CI) 0.03 (0.03–0.04) 0.02 (0.02–0.02) < 0.001†

Note: CI = confidence interval, DM = diabetes mellitus, IQR = interquartile range, SD = standard deviation.
*Determined using χ2 test for categorical variables and Student’s t test for continuous variables, unless otherwise specified.
†Determined using χ2 test for proportion with > 2 routine visits, Student t test for visit or admission rates per patient-year.
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by pump manufacturers or commercial pressures resulting from 
a fee-for-service payment system. Ontario covers 100% of 
pump cost, but only 75% of pump supply costs, which may cre-
ate a barrier for low-income families. Further research is 
needed to establish whether pumps can moderate socioeco-
nomic gradients in health outcomes for children with diabetes 
and, if so, how best to support access to pumps for children 
from low-income families.

To gain insight into how best to structure health care sys-
tems to meet the needs of children with diabetes mellitus in 
low-income families, we focused our study to 2 settings in 
which we could clearly describe details of how the health sys-
tems are structured for readers to understand and contrast. Cal-
ifornia and Ontario were selected for our analysis to increase 
the generalizability of our study — they are the most populous 
state and province in the US and Canada, respectively, and 
share highly diverse populations with similar proportions of 
immigrants.18,34–36 However, some of the differences we saw in 
care and outcomes may be due to population differences.

Limitations
The administrative data from both jurisdictions were limited 
by lack of important information, such as direct measures of 
socioeconomic status and glycemic control. Low household 
income has been shown to be a strong determinant of health 
outcomes in children with diabetes mellitus,5–7 and our find-
ings of higher rates of hospital admission for diabetes mellitus 
complications in Ontario children from low-income families 
compared with all other Ontario children are likely a reflection 
of the powerful effects of socioeconomic factors. Eligibility for 
California Children’s Services required an annual household 
income of less than US$22 050 in 2009 (or medical expenses > 
20% of income), and most of the children in the Ontario Drug 
Benefit Program were in the lowest income quintiles (annual 
household income about Can$20 000 for quintile 1 in 2009),37 
suggesting comparability to children in California Children’s 
Services. However, neighbourhood income quintile is a proxy 
measure of household income. Previous studies have shown 
good correlation between these data and individual household 
income in another Canadian province, and this method is 
widely used in Canadian health services research,38,39 but the 
precision of this ecologic method may be more limited in rural 
areas and by practices such as renting suites in homes.

For our comparisons involving children within Ontario with 
diabetes mellitus (those from low-income families versus all 
other children), we were unable to exclude children in the “all 
other” group who were taking oral hypoglycemic agents, 
because drug use data were only available for children in the 
Ontario Drug Benefit Program. A higher proportion of chil-
dren with type 2 diabetes mellitus in the “all other” group may 
contribute to the lower rates of complications compared with 
children from low-income families (although rates of type 2 
diabetes mellitus are very low in Canadian children16,40). 

We used differing strategies for identifying children with 
diabetes mellitus in California Children’s Services and Ontario. 
Our strategies have been used in prior analyses;12,13 however, 
the strategy used for California Children’s Services has not 

been formally validated, and thus may contribute to differ-
ences between the study cohorts.

Finally, we were unable to contextualize our findings in 
California by comparing outcomes with children from higher 
income families, as there are no population-based California 
data for these children. To ensure the quality and validity of 
our analysis, we used comparable data sources from each 
country, created consistent definitions across jurisdictions, 
compared similar populations during the same time interval 
and carefully considered differences across systems that might 
explain the variation we observed. Nevertheless, this study 
highlights the challenges of such cross-jurisdictional analysis, 
because it is impossible to make causal assumptions of the 
health-system–level determinants of the outcomes measured.

Conclusion
Ontario children with diabetes mellitus from low-income 
families more commonly received routine diabetes care from 
generalists supported by a diabetes care network. These chil-
dren were more likely to receive routine care and had rates of 
hospital admission for diabetes complications that were clini-
cally comparable to those of children from low-income fami-
lies in California. Developing diabetes networks that integrate 
generalists may play a role in increasing use of routine diabe-
tes care and reducing complications for children. The signifi-
cant disparities in outcomes within the universal access system 
in Ontario suggest an important research and policy focus to 
improve observed socioeconomic gradients in health out-
comes for this growing population of children.
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