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Acute diabetes complications across transition from pediatric
to adult care in Ontario and Newfoundland and Labrador:
a population-based cohort study

Rayzel Shulman MD PhD, Longdi Fu MSc, John C. Knight PhD, Astrid Guttmann MDCM MSc,
Roger Chafe PhD

Background: Transition to adult diabetes care is a high-risk period for acute complications, yet the optimal transition care model is
unknown. To gain insight into the impact on health outcomes of system-level transition processes that reflect resourcing differences,
we examined acute complications in youth with diabetes across transition in 2 Canadian provinces with different transition care
models.

Methods: We used linked provincial health administrative data for Ontario and Newfoundland and Labrador to create 2 parallel
cohorts of youth with diabetes diagnosed before age 15 years who turned 17 between 2006 and 2011. Participants were followed
until 2015 (maximum age 21 yr). We described rates of and proportion of participants with at least 1 diabetes-related hospital admis-
sion at age 15—17 years and 18-20 years, standardized according to material deprivation based on the 2006 Canadian Marginaliza-
tion Index. We compared diabetes-related admissions at age 15-17 years and 1820 years in the Ontario cohort.

Results: The cohorts consisted of 2525 youth in Ontario and 93 in Newfoundland and Labrador. In Newfoundland and Labrador,
39 participants (42.0%) were in the lowest socioeconomic quintile, versus 326 (12.9%) in Ontario. The standardized rate of diabetes-
related hospital admissions per 100 person-years was 13.5 (95% confidence interval [Cl] 12.6-14.4) at age 15—-17 years and 14.4
(95% CIl 13.5-15.3) at age 18—20 years in Ontario, and 11.4 (95% CI 7.0-15.8) at age 15-17 years and 10.5 (95% Cl 6.4-14.6) at
age 18-20 years in Newfoundland and Labrador. In Ontario, there was no association between the rate (adjusted rate ratio 1.10,
95% Cl 0.94—1.28) or occurrence (adjusted odds ratio 1.03, 95% Cl 0.91-1.17) of diabetes-related admissions across transition.

Interpretation: Although posttransition care is delivered differently in the 2 provinces, rates of adverse events across transition were
stable in both. Coordinated support during transition is needed to help mitigate adverse events for young adults in both provinces.
Delivery of other health care and social services, including primary care, may be influencing the risk of adverse events after transition
to adult care.

oung adults with type 1 diabetes face particular

challenges related to having a chronic illness that

requires intensive daily self-management and regu-
lar medical follow-up during a period when their social,
developmental, educational and living situations are often
in flux.! During this vulnerable period, youth are at
increased risk for acute life-threatening complications,
such as diabetic ketoacidosis, and for poor glycemic con-
trol, which both confer an increased risk of serious chronic
complications.”® In a population-based Ontario cohort, the
rate of diabetes-related hospital admissions increased sig-
nificantly, from 7.6 to 9.5 per 100 patient-years, in the
2 years after transfer to adult care.* This is also a time
when young adults become disconnected from diabetes
care. Over a third of youth in a US study had a care gap of
more than 6 months when transferring from pediatric to
adult care,” and we found that almost half (47.0%) of
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Ontario youth had a gap of more than 12 months in diabe-
tes care across their transition to adult care.?

We do not know the best way to structure processes of
transition to adult care,”!! especially in areas with few phys-
ician or other specialized diabetes resources. Little is known
about the impact on health outcomes of system-level transi-
tion processes that reflect these resourcing differences. In
some jurisdictions, shortages of specialists mean that not all
patients can be cared for by endocrinologists.
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Because of variations in how different provinces organize
transition care, a comparison of outcomes across provinces
may indicate whether jurisdictions that rely on a generalist
model of care have outcomes comparable to those of jurisdic-
tions with a more organized network of pediatric diabetes care
and transition to predominantly specialist-led adult care. In
this study, we examined the occurrence of acute diabetes com-
plications across the transition period in 2 Canadian prov-
inces, Ontario and Newfoundland and Labrador, both of
which have some of the highest reported rates of diabetes
globally'>"® but different structures for transition and post-
transition care.

We conducted an observational population-based study of
2 parallel cohorts of youth with diabetes 3 years before and
after age 18 years in Ontario and Newfoundland and Labra-
dor using health administrative databases.

Diabetes care in Ontario and Newfoundland and
Labrador

There are several important differences in the structure and
delivery of diabetes transition care in Ontario and Newfound-
land and Labrador that led us to select these 2 provinces.
Children with diabetes in Ontario, the largest province in
Canada, receive medical care at one of 35 specialized pediatric
diabetes centres (5 tertiary and 30 community) coordinated by
the Ontario Paediatric Diabetes Network. Each centre has a
multidisciplinary team consisting of physicians, nurses, dieti-
tians and social workers.!* Centres staffed by pediatric phys-
icians (general pediatricians or pediatric endocrinologists)
need to transfer care to adult care providers by age 18.%!% In
2015, 28 (80%) of the 35 centres referred at least some
patients to an adult endocrinologist, and there was a wide
range of clinic-specific transition practices."

Newfoundland and Labrador is a smaller province and has
a single tertiary care pediatric diabetes centre that cares for
over half of all children with diabetes in that province. The
majority of adolescents with type 1 diabetes followed in St.
John’s are referred to a young adult clinic in St. John’s that is
run by a nurse practitioner and overseen by an internist.
There are no standard protocols for transfer of care for
patients living outside of St. John’s.

In both provinces, residents have universal government
insurance that covers all medically necessary health care ser-
vices. At the time of this study, there was no universal govern-
ment insurance for prescription drugs for youth in either
province. Drug costs are paid out-of-pocket, through private
extended health benefits, or by the Ontario Drug Benefit Pro-
gram or the Newfoundland and Labrador Prescription Drug
Program (which cover families who receive social assistance).
Public funding is available for insulin pumps for people with
type 1 diabetes who meet eligibility criteria related to diabetes
management in both provinces, although, at the time of this
study, Newfoundland and Labrador had some restrictions on
coverage after age 25.16
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Data sources

In Ontario, the following data sets were linked by means of
unique encoded identifiers and analyzed at ICES: the Pediat-
ric Ontario Diabetes Database (a registry of all Ontario resi-
dents aged < 19 yr with a diagnosis of diabetes based on a vali-
dated algorithm that uses 4 diabetes-related physician billing
claims over 2 years [83% sensitivity, 99% specificity]),'” Hos-
pital Discharge Abstract Database (information on discharges
from acute care facilities), Ontario Health Insurance Plan
database (physician billing claims), National Ambulatory Care
Reporting System (information on emergency department
visits), Registered Persons Database (demographic character-
istics and vital statistics including outmigration of all legal res-
idents in Ontario), Ontario Registrar General — Death (for
cause of death) and 2006 Canadian census to assign neigh-
bourhood material deprivation quintiles based on the 2006
Canadian Marginalization Index."

In Newfoundland and Labrador, the cohort was identi-
fied through a provincial diabetes database kept at the
Janeway Pediatric Research Unit, St. John’s. This database
captures all patients in the province diagnosed with type 1
diabetes between 1987 and 2015, based on the reporting of
all diabetes nurses and diabetes educators across the prov-
ince. Case definition and ascertainment are described else-
where.!*!? Patient records were linked via coded identifiers to
the following provincial administrative databases: the Provin-
cial Discharge Abstract Database (discharges from acute care
facilities), beneficiary registry database (demographic charac-
teristics), physician claims database, Provincial Mortality Sys-
tem (mortality and cause of death) and 2006 Canadian census
to assign neighbourhood material deprivation quintiles based
on the 2006 Canadian Marginalization Index.'®

To comply with privacy legislations, cell sizes less than 6
are reported as such.

Study population and setting

For both provinces, we included youth residing in their
respective province who were diagnosed with diabetes
before age 15 years, had a valid provincial health insurance
number and turned 17 between Nov. 1, 2006, and Mar. 31,
2011. We followed patients until Mar. 31, 2015 to a maxi-
mum age of 21 years. Although we were unable to distin-
guish between diabetes types in Ontario, we have previ-
ously shown that nearly all (94.8%) children in Ontario
with diabetes have type 1."*?° The Newfoundland and Lab-
rador cohort included only patients diagnosed with type 1
diabetes. In Ontario, we excluded youth ineligible for pro-
vincial health insurance from age 15 to 19 and those who
died before their 19th birthday. We also excluded people in
Ontario with no diabetes-related physician visits from age
15 to 16 because they may have moved out of the province
or were receiving care from providers who do not bill the
provincial health plan. Furthermore, it would be highly
unlikely for a person with type 1 diabetes to have no diabe-
tes-related physician visits at this age. We did not apply
this exclusion to the Newfoundland and Labrador cohort
because the physician claims database does not include



visits to non—fee-for-service physicians, who account for
about 35% of physicians in that province.

Outcomes

We ascertained outcomes including death, all-cause hospital
admissions, diabetes-related admissions and admissions for
diabetic ketoacidosis from age 15 to 20. We translated diag-
nostic codes for diabetes-related preventable hospital admis-
sions, using the Agency for Healthcare Research and Quality
specifications, to the enhanced Canadian version of the Inrer-
national Classification of Diseases and Related Health Problems,
10th Revision codes to identify admissions related to diabetic
ketoacidosis and diabetes.??

Baseline characteristics

We measured socioeconomic status using the material depri-
vation index from the 2006 Canadian Marginalization Index."®
We categorized geographic residence as urban if the patient’s
postal code was located in a census metropolitan area and as
rural otherwise.

Statistical analysis

Provincial privacy legislation does not allow sharing of indi-
vidual patient data across provinces, so we could not combine
the data sets for the 2 provinces. Therefore, we analyzed the
cohorts separately. We described the baseline characteristics
of patients with diabetes on their 17th birthday in either prov-
ince. For both provinces, we described the rates and occur-
rence of at least 1 event of all admissions, admissions related
to diabetes (including diabetic ketoacidosis) and admissions

OPEN

related to diabetic ketoacidosis in 2 mutually exclusive age cat-
egories (15-17 yr and 18-20 yr), standardized according to
material deprivation.

Owing to the small sample in Newfoundland and Labra-
dor, we had insufficient power to make precise estimates or
between-group comparisons for rare outcomes such as diabe-
tes-related admissions and diabetic ketoacidosis. In the
Ontario cohort only, we compared the rate of and proportion
of youth with any diabetes-related admission before and after
age 18 using a Poisson and a logistic regression model, respec-
tively. In both models, we controlled for baseline characteris-
tics including sex, material deprivation and duration of
diabetes.

Ethics approval

We obtained research ethics board approval from The Hospital
for Sick Children and the Newfoundland and Labrador
Health Research Ethics Authority.

Figure 1 shows the number of participants included in the
2 cohorts after the exclusion criteria were applied. The final
cohorts consisted of 2525 youth in Ontario and 93 in New-
foundland and Labrador. The Ontario cohort contributed
7579.8 person-years to the follow-up period of age 15-17 years
and 7549.7 person-years to the follow-up period of age
18-20 years. The corresponding values for the Newfoundland
and Labrador cohort were 279 and 278.8. Table 1 shows the
baseline characteristics of the 2 cohorts. In Newfoundland and

Ontario cohort
All youth with diabetes who were
alive, turned 17 between Nov. 1, 2006,
and Mar. 1, 2011, and had a valid
provincial health insurance number

Newfoundland and Labrador
cohort
All patients with type 1 diabetes
in the Janeway Pediatric
Research Unit database

n=3776 n=169
Excluded n =1251 E— —— Excluded n=76
 Diabetes not incident before age 15 yr * Missing/invalid geographic identifier n =3
n=724 * Missing date of diagnosis n =18
* Death before age 19 yr n =10 * Date of diagnosis after 15th birthday
¢ Non-Ontario resident aged 15—16 yr n=27
n=136 * 17th birthday before Nov. 1, 2016 n =14
¢ Non-Ontario resident aged 17-19 yr * 17th birthday after Mar. 31, 2011 n=14
n=21 Y
* No diabetes encounter within 4 yr before Final cohort
age 17 yr n =200 - 03
* No diabetes provider at age 15-16 yr W=
n=160
Y
Final cohort
n = 2525

Figure 1: Flow diagram showing participant selection.
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Table 1: Baseline characteristics of youth with diabetes in
Ontario and Newfoundland and Labrador on their 17th
birthday
No. (%) of participants*
Newfoundland
Ontario and Labrador
Characteristic n = 2525 n =93
Male sex 1309 (51.8) 47 (50.5)
Duration of diabetes, yr
Mean + SD 74 + 3.8 79+ 3.8
Median (IQR) 6.7 (4.3-10.2) 7.6 (4.5-11.0)
Deprivation quintilet
1 (least deprived) 702 (27.8) 3(14.0)
2 587 (23.2) 3(14.0)
3 504 (20.0) 5(16.1)
4 364 (14.4) 3(14.0)
5 (most deprived) 326 (12.9) 39 (41.9)
Missing 42 (1.7) < 6%
Rurality
Not census metropolitan 387 (15.3) 59 (63.4)
area (rural)
Census metropolitan 2138 (84.7) 34 (36.6)
area (urban)
Note: IQR = interquartile range, SD = standard deviation.
*Except where noted otherwise.
tBased on the 2006 Canadian Marginalization Index.'™
tAdded to quintile 5 owing to small cell size.

Labrador, 39 participants (41.9%) were in the most materially
deprived quintile, versus 326 (12.9%) in Ontario. A total of
59 partcipants (63.4%) lived in a rural area in Newfoundland
and Labrador, versus 387 (15.3%) in Ontario.

Table 2 shows the rates of and proportion of participants
with at least 1 all-cause hospital admission, diabetes-related
admission or diabetic-ketoacidosis—related admission in each
age category, standardized according to material deprivation,
in the 2 provinces. The standardized rate of diabetes-related
hospital admission per 100 person-years was 13.5 at age
15-17 and 14.4 at age 18-20 in Ontario, and 11.4 at age
15-17 and 10.5 at age 18-20 in Newfoundland and Labra-
dor. In the Ontario cohort, there was no association between
the rate of diabetes-related admissions (adjusted rate ratio
1.10, 95% confidence interval 0.94-1.28) or the proportion
of participants with any diabetes-related admission (adjusted
odds ratio 1.03, 95% confidence interval 0.91-1.17) at age
15-17 and 18-20.

In this population-based cross-provincial study, we describe
the standardized rates of adverse events for 2 cohorts of youth
with diabetes during the transition to adult care in 2 Canadian
provinces with high rates of type 1 diabetes and different
models of transition and posttransition care. We were not
able to make any interprovincial comparisons owing to the
small sample in Newfoundland and Labrador. However, we
found that, in Ontario, there were no significant differences in
the rate of or proportion of participants with any diabetes-
related hospital admission before and after the 18th birthday.
Although we did not have enough power to compare out-
comes in Newfoundland and Labrador before and after the
18th birthday, the standardized rates of diabetes-related hos-
pital admissions did not appear to be much different.

The rates of diabetes-related admissions that we report
are higher than those reported in a previous population-
based study using Ontario administrative data from 1996 to
2002, 7.6-9.5 per 100 patient-years in the 2 years after transi-
tion to adult care.* This suggests that more coordinated

material deprivation

Table 2: Standardized rates of and proportion of participants with any hospital admission, admissions related to
diabetes and admissions related to diabetic ketoacidosis across transition age, standardized according to

Ontario; age, yr

Newfoundland and Labrador; age, yr

Variable 15-17

18-20 15-17 18-20

All admissions

Events/100 person-years (95% Cl)
Rate, % (95% CI)
Diabetes-related admissions
Events/100 person-years (95% CI)
Rate, % (95% CI)

Diabetic-ketoacidosis—related
admissions

Events/100 person-years (95% CI)
Rate, % (95% ClI)

23.8 (22.6-25.0)
32.7 (30.8-34.7)

13.5 (12.6-14.4)
19.0 (17.3-20.6)

10.6 (9.8-11.4)
14.9 (13.4-16.4)

25.4 (24.1-26.6)
34.0 (32.1-36.0)

14.4 (13.5-15.3)
18.8 (17.2-20.4)

12.7 (11.8-13.6)
17.7 (16.1-19.3)

20.9 (15.0-26.8)
32.0 (21.7-42.3)

11.4 (7.0-15.8)
23.0 (13.7-32.3)

77 (4.0-11.4)
173 (8.8-25.9)

22.6 (16.5-28.7)
31.8 (21.5-42.1)

10.5 (6.4—14.6)
19.4 (10.7-28.1)

8.8 (5.1-12.6)
18.9 (10.2-275)

Note: Cl = confidence interval.
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support during transition is needed to help mitigate adverse
events for young adults with diabetes in both provinces.

We found that 41.9% of participants in the Newfoundland
and Labrador cohort were in the most materially deprived
quintile, versus 12.9% in Ontario, and that 63.4% of partici-
pants in Newfoundland and Labrador lived in a rural area,
versus 15.3% in Ontario. There is a known association
between both lower socioeconomic status and rural residence
and an increased risk of diabetic ketoacidosis.?*~*¢

Factors such as the delivery of health care services or other
social services may mitigate the occurrence of adverse events,
especially for those of low socioeconomic status and those
living in rural areas in Newfoundland and Labrador. Further-
more, in Newfoundland and Labrador, there is less special-
ized adult type 1 diabetes care; however, primary care may be
more consistent, which would also mitigate the occurrence of
adverse events. This is supported by our findings that discon-
tinuous primary care during transition is associated with an
increased risk of adverse events in early adulthood for youth
with diabetes and mental illness.®?” We are currently doing
further research in Newfoundland and Labrador to attempt to
identify factors that may explain these comparable outcomes
across the 2 provinces.

Our inability to combine provincial data sets and the rela-
tively small sample from Newfoundland and Labrador illus-
trate some of the challenges of conducting multijurisdictional
studies. Although we were able to report only standardized
rates for hospital admissions, our results highlight the differ-
ences in diabetes care delivery between Ontario and New-
foundland and Labrador and provide insight into the chal-
lenge of organizing and evaluating diabetes transition care in
different contexts. Our work to standardize the measurement
of transition outcomes across these 2 provinces can serve as a
model for future research and measurement of quality indica-
tors. Furthermore, efforts are underway in Canada to create
an environment that would enable greater cross-provincial
data sharing and analysis.?®

Limitations

Our study has several limitations. We cannot specifically attri-
bute any observed differences in outcomes to the many differ-
ences in demographic composition and care delivery between
provinces. We assume that most patients transfer to adult care
at age 18 years; however, the transfer date for individual
patients was unavailable. We also did not have information
about glycemic control, a factor known to be associated with
the risk of acute diabetes complications. Despite comparable
data sources and consistent definitions to measure baseline
characteristics and outcomes in both provinces, there may be
differences in coding practices between the provinces. Also,
we may have underascertained outcomes if participants moved
out of province during the study.

We may have underestimated the rate of adverse events
among those aged 18-20 years in Ontario since we excluded
people with no diabetes-related physician visits from age 15 to
16 because they previously had moved out of the province,
were receiving diabetes care from providers who did not bill
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the provincial health plan or, less likely, were not accessing
care during that time. We did not apply this exclusion to the
Newfoundland and Labrador cohort because the physician
claims database does not include visits to non-fee-for-service
physicians, who account for about 35% of physicians in New-
foundland and Labrador.

There was no study done to confirm the data quality or
validity of the provincial diabetes database kept at the Janeway
Pediatric Research Unit. It is possible that there are differ-
ences in other important outcomes between provinces, such as
rates of clinic attendance and patient satisfaction, that we did
not measure.

Conclusion

It is reassuring that we did not find large differences in the
occurrence of acute diabetes complications across the age of
transition to adult care within Ontario and Newfoundland
and Labrador or within age categories between the provinces
despite important interprovincial differences in access to spe-
cialized adult diabetes care. Although the standardized rates of
adverse outcomes appear to be similar in the 2 provinces, it is
possible that there are different mitigating factors influencing
outcomes in either province; this should be further explored.
This cross-provincial comparison study highlights 2 system-
level transition processes that reflect resourcing differences
between provinces and provides insight into the impact of
these differences on health outcomes.
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