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ABSTRACT
Objectives

To estimate the 11-year incidence trend of diabetic ketoacidosis (DKA) at and after the
diagnosis of type 1 diabetes.

Study design

A retrospective cohort study using a population-based administrative cohort diagnosed
with type 1 diabetes at <20 years of age from 2002 to 2012 in British Columbia, Canada.
DKA at (1 episode per individual) and DKA after (multiple episodes per individual) the
diagnosis of diabetes were defined as DKA occurring <14 days or >14 days, respectively,
from diagnosis, identified using International Classification of Diseases, 9th and

10th editions codes. Incidence rate ratios were estimated using Poisson regression and
DKA trends using Joinpoint regression analyses.

Results

There were 1519 individuals (mean age at first-DKA, 12.6 + 5.9 years; 50% male) with >1
DKA episode identified. Of 2615 incident cases of type 1 diabetes, there were 847 (32.4%;
mean age, 9.9 + 4.8 years; 52% male) episodes of DKA at the diagnosis of diabetes. Among
prevalent cases of type 1 diabetes (1790 cases in 2002 increasing to 2264 in 2012), there
were 1886 episodes of DKA after the diagnosis of diabetes (mean age at first DKA,

15.7 + 5.2 years). The rates per 100 person-years of DKA at diabetes diagnosis (ranging
from 24.1in 2008 to 37.3 in 2006) and DKA after diabetes diagnosis (ranging from 4.9 in
2002 to 7.7 in 2008) remained stable. Females showed a 67% higher rate of incidence of
DKA after the diagnosis of diabetes compared with their male counterparts (incidence rate
ratio, 1.67; 95% Cl, 1.50-1.86; P < .001), adjusted for the temporal trend by fiscal year.
Younger age at diagnosis (<5 years) was associated with a greater risk of DKA at the time of
diabetes diagnosis and older children (210 years) had a greater risk of DKA after the
diagnosis of diabetes.

Conclusions

The risk of DKA at the time of diagnosis of diabetes was greater with younger age and the
risk of DKA after the diagnosis of diabetes was higher in females and older children and
youth.

Keywords: type 1 diabetes; diabetic ketoacidosis; incidence; children; adolescents;
pediatric

Abbreviations: APC: Annual percent change; BC: British Columbia; DKA: Diabetic
ketoacidosis; ICD: International Classification of Diseases; IRR: Incidence rate ratio
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Introduction

Type 1 diabetes affects more than one-half of a million children <15 years of age
worldwide.* In the Canadian province of British Columbia (BC), the number of youth

<20 years of age with type 1 diabetes is projected to increase from roughly 2200 in 2012 to
2600 by 2020.7 Diabetic ketoacidosis (DKA) is an acute complication of type 1 diabetes and
is the leading cause of mortality in youth with type 1 diabetes.? Even a single episode of
DKA in young children is associated with acute kidney injury and significant cognitive
deficits including lower |Q scores, poorer cognitive performance, and altered brain

growth.*>

DKA is caused by severe insulin deficiency in either previously undiagnosed patients with
type 1 diabetes or in individuals with known diabetes who deliberately or inadvertently
take insufficient amounts of insulin.®’ However, DKA at and after the diagnosis of type 1
diabetes are both preventable by early recognition of symptoms, timely diagnosis, and

adequate insulin management.

Since the Diabetes Complications and Control Trial in the early 1990s, there have been
considerable advances in diabetes management (ie, rapid acting insulin analogues, insulin
pumps, and continuous glucose monitoring systems) to help patients achieve optimal
glycemic control. However, despite these advances, DKA rates remain high internationally,

and are rising in the US.® 2 10, 11,1213, 14,15

There are limited published Canadian data on DKA trends in children and these data do not
separately describe DKA at vs after the diagnosis of diabetes. In the province of Ontario,
DKA rates (at/after diagnosis combined) remained stable at 28% to 39% between 1991 and
1999.1° A study from the province of Quebec found that the rate of DKA at diagnosis of
diabetes increased from 22% in 2001 to 30% in 2014, but the rates of DKA after diagnosis
were not examined.'® The factors contributing to the development of DKA at vs after
diagnosis of type 1 diabetes are likely to be distinctive, and therefore it is of value to
understand them as separate events to design effective preventative interventions. The
objective of this study was to describe 11-year trends in the incidence of DKA at and after

the diagnosis in a population-based cohort of individuals diagnosed with type 1 diabetes
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during childhood in the Canadian province of BC. We hypothesized that there would be an
increasing trend for DKA at diagnosis of diabetes in BC over time. Given advancements and
intensification of diabetes management over the study period, we hypothesized there

would be a decrease in DKA rates after the diagnosis of diabetes.
Methods

Data were extracted from the centralized population-based provincial administrative
health databases that exist as part of a government funded universal health care system
that provides coverage for medically necessary health care services for BC residents. The
databases accessed via the infrastructure available through Population Data BC
(www.popdatabc.ca) included physician fee-for-service claims for outpatient services
(Medical Services Plan), client registration information, provincial prescription
dispensations (PharmaNet), and health claims for hospital admissions (Discharge Abstract
Database).'” & 1920 Data were linked using an individual's personal health number, after
which a validated diabetes case-finding definition was applied to identify all individuals
with diabetes.”" Individuals were included in the diabetes database if they had any one of
the following within a 1-year period: 1 hospital discharge code for diabetes (International
Classification of Diseases [ICD], 9th edition, 250X or ICD10 E10X, E11X, E13X E14X); 2
outpatient physician claims coded as diabetes (ICD9 250X or ICD10 E10X, E11X, E13X, or
E14X); >2 prescription dispensations for insulin; >2 prescription dispensations for an oral
antidiabetic medication (except metformin); or any combination of 1 prescription
dispensation for insulin, 1 prescription dispensation for an oral antidiabetic medicine, 2
prescriptions for metformin, and 1 outpatient physician claim coded as diabetes.
Administrative health data from fiscal year 1995 (ie, April 1, 1995, to March 31, 1996) to
fiscal year 2013 (ie, April 1, 2013, to March 31, 2014) were included in the Diabetes
Database. For this study, we used data from fiscal year 2002 (ie, April 1, 2002, to March 31,
2003) to fiscal year 2012 (ie, April 1, 2012, to March 31, 2013).

Study Population and Period

This study was conducted in the province of BC, Canada. The centralized data used in this

study cover all 5 regional health authorities across the province and includes patients seen
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in the province's single tertiary care pediatric center (British Columbia Children's Hospital),
as well as those seen in regional and community-based pediatric diabetes clinics. During
the study period, there were 5 pediatric endocrinologists providing diabetes care at British
Columbia Children's Hospital and 3 pediatric endocrinologists practicing in regional clinics
in the Fraser Health, Vancouver Coastal, and Vancouver Island health regions. In the
Interior and Northern Health regions, community-based pediatric diabetes clinics were led

by general pediatricians.

The date of diagnosis (index date) was defined as the date at which the individual first had
a physician fee-for-service claim or hospital discharge diagnosis coded as diabetes. A novel
validated algorithm was used to differentiate type 1 and type 2 diabetes in children and
youth.?? Individuals were classified as having type 1 diabetes if they were <10 years old at
the time of diabetes diagnosis, or 210 years old at the time of diabetes diagnosis and had
prescriptions dispensed for insulin and/or glucose monitoring strips only, with no
prescription dispensations for oral hypoglycemic agents. Further refinement of the study
population led to the following exclusions: cystic fibrosis related diabetes (ICD-9 277.0 or
ICD-10 E84; n = 47); suspected neonatal diabetes (index date <6 months of age; n =5); and
nonpediatric cases (index date at 220 years of age; n = 46). An additional 83 patients were
excluded owing to the lack of any diabetes-related ICD9/10 codes after the index date
(potential false-positive cases) and another 29 patients with no in- or out-patient medical
encounters after the index date suggesting the patient was either visiting BC or moved out

of province at the time of or soon after the diabetes diagnosis.

Our cohort within the Diabetes Database dates back to 1995 and therefore, prevalent
cases of diabetes diagnosed before 2002 fiscal year (April 1, 2002, to March 31, 2003) were
included in our analysis of DKA after diagnosis of diabetes. Each individual diagnosed with
type 1 diabetes at <20 years of age remained in the analyses regardless of their age in each
fiscal year. The population at risk of DKA (ie, those with type 1 diabetes diagnosed at

<20 years of age) were obtained from a recently published study reporting on incidence

and prevalence trends of type 1 diabetes in BC using the same administrative dataset.’
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Main Outcomes: DKA at and after Diabetes Diagnosis

Hospitalizations for DKA were identified using the ICD9 codes 250.1X (where X = any
integer) up until the 2001/2002 fiscal year, and ICD10 codes E101X thereafter. DKA at
diagnosis of diabetes was defined as DKA hospitalizations that occurred <14 days of the
index date among all the incident cases of type 1 diabetes. Only 1 episode of DKA at the
diagnosis of diabetes per individual was considered. DKA after the diagnosis of diabetes
was defined as DKA hospitalizations occurring >14 days after the index date among all the
prevalent cases of type 1 diabetes in that fiscal year. Individuals could have >1
hospitalization for DKA after the diagnosis of diabetes, but multiple hospitalization DKA
codes within 7 days of each other were counted as 1 episode to prevent double counting in
situations of hospital transfer or readmission. Episodes of DKA at and after the diagnosis of

diabetes were counted for each fiscal year (April 1 to March 31) from 2002 to 2012.
Statistical Analyses

Incidence rate ratio (IRR) with corresponding 95% Cls, and the temporal trend in the rate of
DKA at and after the diagnosis of diabetes were estimated using Poisson regression models
with robust standard error in Stata/SE statistical software version 14.2 program (StataCorp
LO, College Station, Texas). Because number of events (as opposed to time to event) was
our outcome of interest, we used (log of) the total number of people (as opposed to
follow-up time) at risk as the offset term in the Poisson regression models. Incidence rates
and the trend analyses were also conducted in a priori defined subgroups by age (0-4, 5-9,
10-14, and 15-19 years) and sex by introducing these variables in the regression models

adjusting for the secular trend by fiscal year.

The denominator (at-risk population) for the incidence of DKA at and after the diagnosis of
diabetes was the incident and prevalent cases of type 1 diabetes in the populations

<20 years of age, respectively. Although our descriptive analysis of DKA after the diagnosis
of diabetes events included individuals >20 years of age, we limited our incidence rate
calculation and trend analysis of DKA after the diagnosis of diabetes to those aged

<20 years of age because our denominator of prevalent cases at risk for DKA was most

accurate in this population based on previously published validation studies.?* In the



690°20°020T spadl [/9T0T 0T/840'10p//:sd1Y | | 2o €/T-S9T:TZZ-020C J1eIpad [ | | UOISISA pa1daddy | |

sensitivity analysis, diabetes duration was further adjusted for in the regression models to
examine its impact on the reported rates of DKA at and after the diagnosis of diabetes.
Average annual percent change (APC) in the rates of DKA at and after the diagnosis of
diabetes was examined using Joinpoint regression analysis program (V4.6.0.0; National
Cancer Institute, Rockville, MD) with 4499 randomly permuted datasets that selected the

best fitting piecewise continuous log-linear model at a significance level of 0.05.7
Results

Overall, there were 1519 (mean age at first DKA, 12.6 + 5.9 years; 50% male) individuals in

this study with >1 DKA episode(s) during the study period (Table 1).
DKA at Diagnosis of Diabetes

Of the 2615 incident cases of type 1 diabetes that were identified between 2002 and 2012
(Table 2), 847 (32.4%; 52% male) were classified as having DKA at diagnosis of diabetes.
The mean age of DKA at diagnosis of diabetes was 9.9 + 4.8 years. No sex differences (IRR,
1.03; 95% Cl, 0.90-1.18; P = .654) were observed in the rates of DKA at diagnosis of

diabetes over time (Figure 1, B).

Younger age at the time of diagnosis of type 1 diabetes was associated with a higher
incidence of DKA at diagnosis of diabetes. Compared with those diagnosed with type 1
diabetes at 15-19 years old, children who were 0-4 years old at diagnosis had almost
double (IRR, 1.99; 95% Cl, 1.58, 2.49; P < .001) the rate of DKA after adjusting for the trend
by fiscal year. Similarly, compared with those diagnosed with type 1 diabetes at 15-

19 years of age, the IRR of DKA at diagnosis of diabetes for those diagnosed with type 1
diabetes at 5-9 years and 10-14 years was 1.22 (95% Cl, 0.98, 1.51; P =.072), and 1.35
(95% Cl, 1.10, 1.66; P = .004), respectively (Figure 1, C).

The rate of DKA at the time of diagnosis of diabetes ranged between 24.1 (2008) and 37.3
(2006) per 100 person-years (Figure 1, B). Poisson regression analyses showed an
increasing trend of DKA at diagnosis of diabetes during 2002-2006 (IRR, 1.06; 95% Cl, 0.99,
1.14; P =.095), a decreasing trend during 2006-2008 (IRR, 0.81; 95% Cl, 0.69, 0.95, P = .01),
and an increasing trend during 2008-2012 (IRR, 1.06; 95% Cl, 0.99, 1.14; P = .096).
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Joinpoint regression model showed similar trends as above; however, APC in DKA at

diagnosis of diabetes over the study period was not statistically significant.
DKA after the Diagnosis of Diabetes

The total number of prevalent cases of diabetes increased from 1790 in 2002 to 2264 in
2012. Overall, 1886 hospitalizations for DKA after the diagnosis of diabetes were identified
between 2002 and 2012. There were 507 (61%) unique individuals with 1 DKA after the
diagnosis of diabetes episode and 139 (17%), 64 (8%), 34 (4%), and 92 (11%) with 2, 3, 4,
and >5 episodes of DKA after the diagnosis of diabetes, respectively (Table 1). The median
number of hospitalizations owing to DKA after the diagnosis of diabetes per individual was
1 (IQR, 1-2). The highest number of hospitalizations owing to DKA after the diagnosis of
diabetes occurred between 3 and 8 years after diagnosis of type 1 diabetes, accounting for
58% of all events (Figure 2, A). The total number of hospitalizations owing to DKA after the
diagnosis of diabetes increased over time, especially in those who were >20 years of age at
the time of DKA hospitalization (Figure 2, B). The mean age of individuals who had an
episode of DKA after the diagnosis of diabetes increased from 16.0 + 4.0 years in 2002 to
18.8 £ 5.5 years in 2012 (Table 3).

The rate of DKA after the diagnosis of diabetes in individuals <20 years of age ranged
between 4.9 (2002) and 7.7 (2008) per 100 person-years, with females showing
consistently higher rates than males (Figure 3, B). Poisson regression analyses provided an
indication of an overall increase in the rate of DKA after the diagnosis of diabetes over the
study period, but the evidence was not conclusive (IRR, 1.01; 95% CI, 0.99-1.03; P =.179).
Although males showed an increase in the rate of DKA after the diagnosis of diabetes (IRR,
1.05; 95% Cl, 1.02-1.08; P < .001), evidence of a decreasing rate in females was not
conclusive (IRR, 0.99; 95% Cl, 0.96-1.01; P = .173). However, even after adjusting for the
increasing trend by fiscal year, females showed a 67% higher rate of incidence of DKA after
the diagnosis of diabetes compared with their male counterparts (female vs male IRR, 1.67;

95% Cl, 1.50-1.86; P <.001).
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As in the Poisson regression model, the Joinpoint regression model showed a higher APC of
DKA after the diagnosis of diabetes in males (APC, 4.89%; 95% Cl, 0.56-9.41; P = .031)
compared with their female counterparts (APC, -1.55%; 95% Cl, -5.09 to 2.12; P = .359).

The incidence of DKA after the diagnosis of diabetes showed an increasing trend with age
at DKA episode. Adjusting for the temporal trend in fiscal year and duration of diabetes, the
IRR was 1.03 (95% Cl, 0.67-1.58; P = .910), 2.03 (95% Cl, 1.36-3.03; P = .001), and 2.40 (95%
Cl, 1.61-3.58; P <.001) in the 5-9, 10-14, and 15-19 years groups, respectively, compared

with the 0-4 years group (Figure 3, C).
Sensitivity Analysis

In the sensitivity analysis, diabetes duration was not found to be a significant predictor of
the reported rates of DKA at (P = .528) and DKA after (P =.282) the diagnosis of diabetes.
Consequently, additional adjustment for diabetes duration in the regression models did not

change the reported rates of DKA at or after the diagnosis of diabetes.
Discussion

Using population-based linked administrative health datasets, we found from 2002 to 2012
in BC, Canada, the incidence of DKA at diagnosis of type 1 diabetes remained stable yet
occurred in more than one-third of newly diagnosed cases of diabetes, with a significantly
higher rate in younger children (0-4 years of age). The incidence of DKA after the diagnosis
of diabetes was stable in females, but significantly increased in male children and youth.
Nonetheless, we found a 67% higher rate of DKA after the diagnosis of diabetes in females
vs males as well as a higher rate of DKA after the diagnosis of diabetes in older children and
youth compared with younger children. Our findings suggest that, despite multiple
pharmaceutical and technological advancements to support the management of children
and youth with type 1 diabetes, DKA both at and after the diagnosis of diabetes remains a

significant health burden, with key demographic disparities.

DKA at diagnosis of type 1 diabetes in children and youth has remained unacceptably high
over the 11-year period of our study. The incidence rates of DKA at diagnosis of type 1

diabetes in our study were similar to previous North American and European pediatric
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studies published between the 1990s to the early 2000s, as well as more recent US
epidemiologic studies examining both adults and children with type 1

diabetes. 01114152425 The SEARCH for diabetes study in the US reported stable but high
rates of DKA at diagnosis of diabetes of around 30% from 2002 to 2010 in 5615 youth with
type 1 diabetes.'* Similarly, the overall frequency of DKA at the time of diagnosis of
diabetes in Austria remained stable at around 37% over 20 years from 1989 to 2008,
despite a significant increase in diabetes incidence.'? The Canadian province of Quebec,
however, reported a relative increase of 2% per year of DKA at diagnosis of diabetes in
youth (22% in 2001 to 30% in 2014), especially in younger children.® The reasons for this
difference in DKA trends at diagnosis of diabetes between BC and Quebec, both Canadian
provinces with similar universal health care systems, are unclear and require further

investigation.

DKA at diagnosis of type 1 diabetes is preventable if the signs and symptoms of diabetes
are recognized early; however, efforts to decrease the incidence of DKA at diagnosis of
diabetes by raising public awareness internationally has produced only mixed

success.’®?” A recent systematic review of public interventions to increase type 1 diabetes
awareness suggested that the use of posters, leaflets, diabetes educators, and the
provision of capillary blood testing meters are common elements to successful DKA
prevention interventions.’® Those who experience DKA at diagnosis of diabetes are at
increased risk of mortality than those who did not have DKA at diagnosis of

diabetes.”” Furthermore, emerging data suggest that DKA at diagnosis of diabetes in those
<10 years of age is associated with detrimental long-term neurocognitive changes and
altered brain growth, a potentially irreversible consequence.” DKA at diagnosis of diabetes
is also associated with worsening glycemic control over time, compared with those who
were not in DKA at diabetes diagnosis, independent of demographic, socioeconomic,
treatment-related factors, and beta-cell reserve.*® Further research and development of
cost-effective strategies to prevent DKA at diagnosis of type 1 diabetes, such as population-
based islet cell autoantibody screening for early detection, and patient-level studies in
those most likely to experience DKA at diabetes diagnosis (ie, the <5 year old age group),

should be explored.®'*?

10
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The rate of DKA after the diagnosis of type 1 diabetes in BC showed an increasing trend
until 2008 followed by a decrease with no evidence of an increase from 2002 to 2012,
which is consistent with our previously published prevalence trends of type 1 diabetes in
BC over the same time period.” However, a higher incidence of DKA after the diagnosis of
type 1 diabetes in female children and youth reveals a significant disparity in health care in
pediatric diabetes, and has also been reported in other pediatric studies.®*** In contrast,
higher rates of DKA have been observed in adult males with type 1 diabetes, as well as an
increasing trend in DKA rates over time. For example, Desai et al found that the total
number of DKA hospitalizations in all age groups in the US increased by 59% from 2003 to
2014, and the frequency of DKA hospital discharges remained higher in males vs females
over their study period.* Similarly, Benoit et al reported an increase in DKA hospitalizations
in all age groups from 19.5 to 30.2 per 1000 persons with diabetes from 2009 to 2014, with
higher DKA rates in males compared with females.** Similar to our study, Zhong et al found
a substantial increase in annual incidence of DKA hospitalizations by 14.1% in adults with
type 1 diabetes from 2004 to 2007 in the UK, with rates remaining stably high thereafter;
however, DKA was again found to be more common in males than females.?> These studies
had several limitations. They did not describe children and adults separately and did not
differentiate between type 1 and type 2 diabetes (except Zhong et al) or describe DKA
episodes at and after diagnosis of diabetes separately. In contrast, a German study did
describe self-reported incidence rates of DKA-related hospitalizations after diagnosis as
being stable at around 10 events per 100 person-years in 2009/2010, 2012/2013, and
2015/2016. They also reported that a longer duration of diabetes was associated with a
decreased rate of hospitalization for DKA after the diagnosis of diabetes.** However, this
retrospective cross-sectional survey was limited by under-reporting, recall bias, and
selection bias. Differences in health systems, models of care (ie, transition clinics), and
supporting resources (ie, diabetes educators, mental health specialists) may also explain

these disparate findings between Germany and Canada.

We found that DKA after the diagnosis of type 1 diabetes occurred more frequently in
those =10 years of age. The heightened risk of DKA in older children and adolescents is

well-documented and multifactorial, including poor glycemic control, psychological

11
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comorbidities, eating disorders, fear of hypoglycemia, and increasing alcohol and
recreational drug use.?® 3/ 38 Furthermore, in emerging and young adults with type 1
diabetes, abrupt changes in health care setting and delivery during the transition process
combined with the need for autonomy, and potential for risk-taking behaviors are
associated with disengagement from regular care, deterioration in glycemic control, and
risk of DKA.? Successful engagement with a multidisciplinary transition service has been
shown to prevent the deterioration in hemoglobin A1C after transition, as well as decrease
DKA-related hospitalizations.*® More research is needed to better understand whether
transition interventions will help to reverse the increasing trends of DKA after the diagnosis

of type 1 diabetes in older youth and young adults.

Our study demonstrated that more than one-half of the DKA episodes after the diagnosis
of diabetes occurred between 3 and 8 years after a type 1 diabetes diagnosis. Given that
the mean age of diabetes diagnosis is around 10 years of age, this timing coincides with the
end of the honeymoon period, as well as the increasing independence and insulin
resistance typical of adolescence. Nevertheless, DKA after the diagnosis of diabetes is
preventable. Poor adherence to diabetes care has been shown to be associated with higher
rates of DKA after the diagnosis of diabetes.*! In BC, we previously reported a 78%
reduction in the odds of adhering to national and international diabetes guidelines at

4 years post-diagnosis of type 1 diabetes in youth.*> %% 444> Further, although a reduction
in adherence to clinical practice guidelines (ie, frequency of diabetes-related physician
visits, hemoglobin A1C tests, and screening for diabetes-related complications) was
observed across all age groups with increasing years from diabetes diagnosis, poorest
adherence was observed in those aged 15-19 and 20-24 years.* Similarly, Hilliard et al
demonstrated that a longer duration of diabetes predicted poorer diabetes control and
management, in addition to ethnic minority status, unmarried caregiver status, and greater
psychosocial distress.*® Therefore, nonadherence may be contributing to the high rates of
DKA after diabetes diagnosis that was observed with increased duration of diabetes and in

the >15-year age group in our current study.

12
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A lack of key demographic (ie, socioeconomic status, education level) and clinical (ie,
insulin regimen/doses, continuous glucose monitoring system use) data within
administrative health data made the assessment of causal factors beyond the scope of this
study. It is possible that other factors, such as patient location (rural vs urban) and access
to an endocrinologist contributed to the increasing trends of DKA after the diagnosis of
diabetes.*”*® However, over the 11-year study period, the number of pediatric
endocrinologists practicing in BC increased from 5 to 8 and more outreach clinics were
implemented across the province. Insulin pumps became commercially available in BC in
the early 2000s and became government funded in 2008. The increase in DKA episodes
after the diagnosis of type 1 diabetes in males caused by pump failure may have

contributed to this trend and should be further examined.*®

This study has several limitations that accompany the use of health administrative data.
Because diagnostic coding is performed by physicians and subsequently verified by
hospitals and institutions, DKA episodes may have been missed, or inadvertently included,
owing to incorrect coding. However, all medical services are centrally reported for the
purpose of physician billing in Canada's single-payer health care system, minimizing the risk
of missing data. Our dataset did not include Aboriginal children and youth living on reserve;
however, rates of type 1 diabetes are relatively low in this population. We also did not
examine the mortality rates in this study because mortality rates are low in this population
and we analyzed the data by each fiscal year (rather than calendar year), thereby ensuring
that all data that contributed to the study period were included. Administrative data are
limited in their breadth and thus, are not helpful in delineating patient, provider and health
system factors that might contribute to DKA at and after the diagnosis of diabetes. For this
study, data were available only to 2012 because administrative health data are housed
centrally in the province, making access to data a lengthy process. As a result, we may have
not captured the impact of more recent advancements such as continuous glucose
monitoring system. However, our study period is similar to that of recently published
studies, allowing for meaningful comparisons.'* > 163> This study also has several
strengths. The study spans >11 years of follow-up time. We used a unified population-

based linked administrative health database from a single-payer health care system to

13
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comprehensively capture most, if not all, children at risk, avoiding the risk of nonresponse
bias. Unlike other studies using administrative data, the use of a novel validated algorithm
that differentiates childhood type 1 and type 2 diabetes allowed us to describe DKA in type
1 diabetes specifically.'>'%?? Although we were not able to separate those with insulin-
treated monogenic diabetes from the type 1 group, these patients are rare and therefore
should not have significantly affected our results. By separating episodes of DKA into DKA
at and after the diagnosis of type 1 diabetes, we were able to analyze key demographic
contributors to increasing rates of DKA. We excluded DKA admissions within 7 days of a
previous DKA discharge to identify distinct episodes of DKA after the diagnosis of diabetes

and avoid double counting failed hospital discharges or transfer between hospitals.

Over our study period, DKA after the diagnosis of diabetes increased at a rate of almost 5%
per year in males, but not in females. These findings represent potential gaps in health care
services. DKA, whether at or after the diagnosis of diabetes, contributes to significant acute
and long-term complications. Patient-oriented research is needed to explore why rates of
DKA after the diagnosis of type 1 diabetes are increasing in males, yet higher overall in
females. Also, research is needed to understand why those diagnosed at a young age and

those transitioning from pediatric to adult health care are at higher risk of DKA.
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Figure Legends

Figure 1. A. Number of incident cases of DKA at diagnosis of type 1 diabetes; B. incidence of

DKA at diagnosis of type 1 diabetes by sex and C. by age

Figure 2. A. Number of episodes of DKA after diagnosis of type 1 diabetes by duration of
diabetes in British Columbia (2002-2012). B. Total number of episodes of DKA after
diagnosis of type 1 diabetes for all age-at-DKA episode groups by fiscal year, stratified by
age-at-DKA episode groups. C. Number of episodes of DKA after diagnosis of type 1

diabetes by age-at-DKA groups.

Figure 3. Number of prevalent cases of type 1 diabetes and number of episodes of DKA
after diagnosis of type 1 diabetes in British Columbia, Canada; B. Incidence of DKA after

diagnosis of type 1 diabetes by sex; and C. by age-at-DKA episode.

Table Legend

Table 1. Demographic characteristics of the study population

Appendix Legend

Table 2; online only. Demographic characteristics of children with DKA at diagnosis of type
1 diabetes in British Columbia (2002-2012)

Table 3; online only. Demographic characteristics of children with DKA after the diagnosis

of type 1 diabetes in British Columbia (2002-2012)
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Table 1. Demographic characteristics of the study population

All children with at least one DKA-related visit

Individuals; n 1519

Male; n (%) 756 (50%)

Mean age at DKA episode; years (SD) 12.6 (5.9)
Minimum age 0.6
Maximum age 33

DKA at diagnosis of type 1 diabetes

Individuals; n 847

Male; n (%) 440 (52%)

Age at DKA episode; years

Mean (SD) 9.9 (4.8)
0-4 years (n) 176
5-9 years (n) 234
10-14 years (n) 306
15-19 years (n) 131
DKA after the diagnosis of type 1 diabetes
Unique individuals; n 836

Male; n (%)

Age at first DKA episode; years
Mean (SD)

DKA episodes per individual (n)
Median (IQR)
1 episode; n (%)
2 episodes; n (%)
3 episodes; n (%)
4 episodes; n (%)

>5 episodes; n (%)

390 (47%)

15.7 (5.2)

1(1-2)
507 (61%)
139 (17%)
64 (8%)
34 (4%)
92 (11%)

DKA: Diabetic ketoacidosis; SD: Standard deviation; IQR: interquartile range



Table 2; online only. Demographic characteristics of children with DKA at diagnosis of type 1 diabetes in British Columbia (2002-2012)

Mean age of incident cases

Age (years) at diabetes diagnosis

Fiscal year Incident cases N Female Male
(SD) 0-4.9 5-9.9 10-149  15-19.9
2002 225 10.53 (4.87) 59 24 35 11 18 20 10
2003 244 10.27 (4.59) 86 38 48 15 29 31 11
2004 248 10.39 (4.77) 83 41 42 18 16 33 16
2005 201 10.00 (5.14) 67 31 36 15 22 21 9
2006 233 10.41 (4.67) 87 43 44 18 29 27 13
2007 250 10.44 (4.49) 85 40 45 16 27 29 13
2008 241 9.86 (4.95) 58 25 33 17 13 20 8
2009 229 10.16 (4.70) 73 32 41 10 15 34 14
2010 248 10.23 (4.92) 86 53 33 21 29 26 10
2011 249 9.72 (5.00) 81 42 39 24 19 29 9
2012 247 10.2 (4.66) 82 34 48 11 17 36 18

DKA: Diabetic ketoacidosis; SD: Standard deviation

| | Accepted Version || J Pediatr. 2020;221:165-173.e2 || https://doi.org/10.1016/j.jpeds.2020.02.069
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Table 3; Online Only. Demographic characteristics of children with DKA after the diagnosis of type 1 diabetes in British Columbia (2002-
2012)

Episodes of Mean age Age (years) at diabetes diagnosis

Mean age (years) Individuals with 21 DKA after (years) at Mean
Fiscal Prevalent gely episode of DKA after the y duration of Female Male

of prevalent he di is of . . DKA .
year cases (n) cases (SD) t e_dlagnosm of type  diagnosis of episode diabetes (n) (n) 0-49 599 10-14.9 15-19.9

1 diabetes (n) type 1 (sD) (years)
diabetes (n)

2002 1790 12.87 (5.02) 61 94 16.0 (4.0) 4.4 55 39 7 15 59 13
2003 1858 12.83 (4.85) 89 138 15.8 (3.8) 4.6 89 49 5 40 73 20
2004 1910 12.90 (4.76) 90 127 15.9 (4.2) 5.0 88 39 10 31 71 15
2005 1934 12.91 (4.70) 109 150 16.6 (4.0) 55 85 65 11 48 66 25
2006 1961 12.91 (4.60) 113 145 16.7 (4.5) 5.8 82 63 19 43 55 28
2007 2037 12.99 (4.49) 145 187 16.7 (4.9) 6.0 99 88 22 53 84 28
2008 2110 13.02 (4.43) 159 202 16.7 (5.0) 6.4 115 87 38 57 72 35
2009 2126 13.07 (4.34) 150 188 17.5 (5.4) 6.8 107 81 26 48 77 37
2010 2193 13.15 (4.31) 166 222 18.3(5.8) 8.0 122 100 35 61 86 40
2011 2237 13.16 (4.26) 167 217 18.2 (5.4) 7.7 121 96 37 64 69 47
2012 2264 13.17 (4.25) 170 216 18.8 (5.5) 8.7 101 115 33 80 63 40

DKA: Diabetic ketoacidosis; SD: Standard deviation

| | Accepted Version || J Pediatr. 2020;221:165-173.e2 | | https://doi.org/10.1016/].jpeds.2020.02.069
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Figure 1. A. Number of incident cases of DKA at diagnosis of type 1 diabetes; B. incidence of
DKA at diagnosis of type 1 diabetes by sex and C. by age.
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Figure 2. A. Number of episodes of DKA after the diagnosis of type 1 diabetes by duration
of diabetes in British Columbia (2002-2012). B. Total number of episodes of DKA after the
diagnosis of type 1 diabetes for all age-at-DKA episode groups by fiscal year, stratified by
age-at-DKA episode groups. C. Number of episodes of DKA after the diagnosis of type 1
diabetes by age-at-DKA groups.
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Figure 3. A. Number of prevalent cases of type 1 diabetes and number of episodes of DKA
after the diagnosis of type 1 diabetes in British Columbia, Canada; B. Incidence of DKA after
the diagnosis of type 1 diabetes by sex; and C. by age-at-DKA episode.
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