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Increase in Prevalence of
Diabetic Ketoacidosis at
Diagnosis Among Youth With
Type 1 Diabetes: The SEARCH
for Diabetes in Youth Study
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We previously reported a high (e 30%) but stable prevalence of diabetic ketoacidosis (DKA) at youth-onset diagnosis of type 1 diabetes (2002 and 2010). Given
the changing demographics of youth-onset type 1 diabetes, we sought to evaluate temporal trends in the prevalence of DKA at diagnosis of type 1 diabetes from
2010 to 2016 among youth <20 years of age and evaluate whether any change
observed was associated with changes in sociodemographic distribution of those
recently diagnosed.
RESEARCH DESIGN AND METHODS

We calculated prevalence of DKA within 1 month of type 1 diabetes diagnosis by
year and evaluated trends over time (2010–2016) (n 5 7,612 incident diabetes
cases; mean [SD] age 10.1 [4.5] at diagnosis). To assess whether trends observed
were attributable to the changing distribution of sociodemographic factors
among youth with incident type 1 diabetes, we estimated an adjusted relative
risk (RR) of DKA in relation to calendar year, adjusting for age, sex, race/ethnicity,
income, education, health insurance status, language, season of diagnosis, and
SEARCH for Diabetes in Youth Study site.
RESULTS

DKA prevalence increased from 35.3% (95% CI 32.2, 38.4) in 2010 to 40.6% (95%
CI 37.8, 43.4) in 2016 (Ptrend 5 0.01). Adjustment for sociodemographic factors
did not substantively change the observed trends. We observed a 2% annual
increase in prevalence of DKA at or near diagnosis of type 1 diabetes (crude RR
1.02 [95% CI 1.01, 1.04] and adjusted RR 1.02 [95% CI 1.01, 1.04]; P 5 0.01 for
both).
CONCLUSIONS

Prevalence of DKA at or near type 1 diabetes diagnosis has increased from 2010
to 2016, following the high but stable prevalence observed from 2002 to 2010.
This increase does not seem to be attributable to the changes in distribution of
sociodemographic factors over time.
Diabetic ketoacidosis (DKA) is a serious, potentially life-threatening complication of diabetes (1–3). At diabetes onset, DKA is characterized by hyperglycemia,
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RESEARCH DESIGN AND METHODS

The SEARCH registry study is an ongoing
population-based surveillance effort and
study of incident and prevalent youthonset (<20 years) diabetes (15). The
process of case ascertainment has been
previously described (14). Brieﬂy, cases
of type 1 diabetes are identiﬁed based
on clinical assessment of a physician as
documented in the medical record, with
systematic ascertainment across four
geographic regions (Washington, South
Carolina, Ohio, and Colorado) and
among enrollees in a managed health
care plan in California. Capture-recapture assessments have indicated that
99% of type 1 diabetes cases are consistently ascertained within the catchment
areas of the SEARCH sites (14). At the
time of ascertainment of incident diabetes cases, demographic characteristics
and key elements related to diagnosis,
including date (month and year) of diabetes diagnosis, diabetes type, and
presence of DKA at diagnosis, were
abstracted from clinical notes in the
medical record. Dates of diabetes diagnosis are limited to month and year
only; thus, diagnosis of DKA is deﬁned
based on the documentation of one or
more of the following in the medical
record within e 1 month of the diabetes
diagnostic month: serum bicarbonate
<15 mmol/L, or pH <7.25 (venous) or
<7.3 (arterial or capillary), or provider
documentation of diagnosis of DKA (5).
Race and ethnicity, sex, parent/guardian
education, insurance status, household
income, and primary language spoken
in the household are obtained from a
survey completed by individuals aged
#18 years with diabetes or parents/
caregivers of youth <18 years of age. If
race and ethnicity, or sex, were not
reported on the survey, information
from the medical record was used.
Local Institutional Review Boards at
each of the ﬁve SEARCH sites reviewed
and approved the study protocol.
Using date of diagnosis and diabetes
type, we calculated the prevalence of
DKA within 1 month of diagnosis of
type 1 diabetes for each year from 2010
through 2016 and examined trends in
prevalence of DKA across the 7-year
period. Prevalence was calculated as
the proportion of incident cases presenting in DKA at or near the time of
type 1 diabetes diagnosis for each time

interval examined (i.e., in DKA at or
near incident diabetes diagnosis/number of cases with incident diabetes diagnosis). Descriptive characteristics were
summarized using counts (percentages),
and differences in distribution of sociodemographic factors across years were
tested using x2 tests. Trends in DKA
prevalence were assessed overall and
by age, sex, race/ethnicity, insurance
status, season of diagnosis, and study
site. To evaluate trends over time, the
total follow-up period of 7 years was
divided into four equal, consecutive
periods (21 months), and Ptrend was calculated from generalized linear models
(log link and Poisson distribution)
regressing time period, across the four
periods, on DKA overall and within
age, sex, race/ethnicity, insurance status, season, and SEARCH site strata.
Next, we evaluated whether observed
trends in DKA prevalence were attributable
to shifts in the distribution of sociodemographic characteristics of registered cases.
Using generalized linear models (log link
and Poisson distribution) we estimated the
crude and adjusted relative risk (RR) of DKA
according to calendar year (2010–2016),
adjusting for the covariates of interest: age
group (0–4 years, 5–9 years, and 10–14
years vs. 15–19 years), sex (female vs. male),
race/ethnicity (other vs. non-Hispanic white),
income (<$25,000, $25,000–49,000, and
$50,000–74,000 vs. $$75,000/year), highest
parental/caregiver education (less than high
school diploma vs. high school diploma or
higher), insurance status (public/other/none
vs. private), and primary language (nonEnglish vs. English). Additionally, we adjusted
for SEARCH site (Washington, California,
Ohio, and Colorado vs. South Carolina) and
season of diabetes diagnosis (spring [months
March through May] vs. other seasons). Categorization of covariates was based on categories established in previously reported
estimates for DKA prevalence in the SEARCH
study and by combining categories was
based on qualitative examination of the distribution of the data to ensure adequate
sample counts within categories. Crude and
adjusted estimates were obtained through
complete case analysis, with the crude estimates obtained from those cases with complete data on covariates included in the
multivariable model. Robust SEs were used
for calculation of estimate 95% CIs. All statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC).
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ketosis, and acidosis, resulting from
insulin deﬁciency and increased levels
of counterregulatory hormones (glucagon, catecholamine, cortisol, and growth
hormone) (4). Although DKA can be
treated, serious acute morbidity (e.g.,
cerebral edema) and death can occur.
DKA occurs commonly at the time of
diabetes diagnosis, with younger children being at greatest risk, possibly
because diabetes symptoms are more
likely to go unrecognized in younger
children (4–8). Uninsured or underinsured children are also at increased risk,
as are children from minority racial and
ethnic groups (5,9,10). While children
whose parents have diabetes, and who
develop diabetes themselves, are less
likely to be in DKA at the time of diabetes diagnosis, the overall proportion is
still worrisomely high (24% vs. 41% in
the Type 1 Diabetes Exchange Registry)
(11).
The multisite registry of youth onset
(<20 years) diabetes, the SEARCH for
Diabetes in Youth Study (SEARCH), previously reported a high but stable prevalence of DKA at diagnosis of type 1
diabetes across the period 2002
through 2010 (e 30%) (12). However, in
a recent study at a referral-based, single
diabetes center (Barbara Davis Center
for Diabetes in Colorado) (n 5 2,429),
DKA at diagnosis of type 1 diabetes was
observed to increase from 41% in 2010
to 58% in 2017 (13). The SEARCH study
has documented that the distribution of
demographic characteristics of youth
with newly diagnosed type 1 diabetes
has changed over time (14). An increasing proportion of youth with incident
type 1 diabetes in the U.S. are Hispanic
and younger at diagnosis (5–9 years) than
in earlier years (14). Given differences in
DKA frequency at type 1 diabetes onset
between demographic groups, we hypothesized that an increase in DKA at diagnosis
could be explained, at least in part, by the
shift in demographic characteristics of
youth diagnosed with diabetes.
Given the changing demographics of
youth-onset type 1 diabetes, we sought
to evaluate temporal trends in the prevalence of DKA at diagnosis of type 1 diabetes from 2010 to 2016 among youth
<20 years of age and evaluate whether
any change observed was associated
with changes in sociodemographic distribution of those recently diagnosed.
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RESULTS

near diabetes diagnosis was among
youth aged 0–4 at diagnosis (46.7%
[95% CI 43.8, 49.5]) as compared with
37.7% (95% CI 35.7, 39.6) for 5–9 years
of age, 39.5% (95% CI 37.6, 41.3) for
10–14 years of age, and 29.7% (95% CI
27.1, 32.3) for ages $15 years. Those
with nonprivate insurance coverage also
had a higher prevalence of DKA at or
near diabetes diagnosis (44.2% [95% CI
42.2, 46.2] as compared with 34.8%
[95% CI 33.3, 36.2] for private insurance). Across racial and ethnicity
groups, those of Hispanic ethnicity had
the highest prevalence of DKA at or
near diabetes diagnosis (43.6 out of 100
cases [95% CI 40.8, 46.3]), but this was
only statistically signiﬁcantly higher than

Table 1—Demographic characteristics of incident type 1 diabetes cases in the
SEARCH for Diabetes in Youth study (2010–2016) (n 5 7,612)*
Characteristic
Age at diagnosis (years)
0–4
5–9
10–14
$15
Sex
Female
Male
Race/ethnicity
Non-Hispanic White
Hispanic
African American
Asian Paciﬁc Islander
American Indian
Other
Household income1
<$25,000
$25–49,000
$50–74,000
$$75,000
Do not know/refused
Highest parental education1
Less than high school
High school or higher
Insurance type1
Private
Medicaid/Medicare
Other/none
Primary language at home1
English
Non-English
Season of diagnosis
Summer (June–August)
Fall (September–November)
Winter (December–February)
Spring (March–May)

N

Count (%)

7,611**
1,189
2,400
2,824
1,198

(15.6)
(31.5)
(37.1)
(15.7)

7,612
3,493 (45.9)
4,119 (54.1)
7,600
4,961 (65.3)
1,251 (16.5)
1,033 (13.6)
254 (3.3)
29 (0.4)
72 (0.9)
6,511
974 (15.0)
1,168 (17.9)
929 (14.3)
2,464 (37.8)
976 (15.0)
6,570
257 (3.9)
6,313 (96.1)
6,606
4,206 (63.7)
2,145 (32.5)
255 (3.9)
6,444
6,332 (98.3)
112 (1.7)
7,612
1,749
1,780
2,112
1,971

(23.0)
(23.4)
(27.7)
(25.9)

*Excludes n 5 131 with missing documentation of DKA status. **n 5 1 participant with
missing age at diagnosis. 1Data available only for participants who completed the survey of
registered cases.
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non-Hispanic Whites (36.9% [95% CI
35.5, 38.2]). The lowest prevalence of
DKA was observed among youth registered in South Carolina (31.5 out of 100
cases [95% CI 29.2, 33.8]), although this
was only signiﬁcantly different when
compared against Colorado, California,
and Washington. No signiﬁcant differences
were observed when comparing males
and females or season of type 1 diabetes
diagnosis (Supplementary Tables 1–6).
Trends in DKA Prevalence at
Diagnosis

We observed an increase in the prevalence of DKA at or near diabetes diagnosis, from 35.3 out of 100 (95% CI 32.2,
38.4) in 2010 to 40.6 out of 100 (95% CI
37.8, 43.4) in 2016 (Fig. 1) (Ptrend 5
0.01). Within subgroups, youth ages
10–14 years at type 1 diabetes diagnosis
(Ptrend 5 0.05), males (Ptrend 5 0.05),
those diagnosed in the spring season
(Ptrend 5 0.01), and those registered in
South Carolina (Ptrend 5 0.05) demonstrated a signiﬁcant increase in prevalence of DKA across the study period
(Supplementary Tables 1–6).
Analysis Accounting for Shifting
Sociodemographic Factors Over
Time

Examination of missing data indicated
that 19.6% of registered cases were
missing data on one or more key covariates that could explain any change in
trends in DKA at or near to diabetes
onset. Over the study period, we
observed an increase in the proportion
of registered cases with higher household income and with Medicaid or
Medicare insurance (P < 0.05) (Supplementary Fig. 1).
In our complete case analysis, evaluating trends over time while accounting
for changes in sociodemographic factors, season of diagnosis, and study site,
we observed a 2% annual increase
(adjusted RR 1.02 [95% CI 1.01, 1.04];
P 5 0.01) in the prevalence of DKA at
or near to the time of diabetes diagnosis across the study period. Crude (RR
1.02 [95% CI 1.01, 1.04]; P 5 0.01) and
adjusted estimates were very similar,
suggesting that shifting sociodemographic factors had little inﬂuence on
the trends observed. Crude estimates
obtained from the complete case analysis sample were identical to the crude
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A total of 7,743 youth with type 1 diabetes were registered from 2010
through 2016, of which 7,612 (98.3%)
had nonmissing information to determine DKA status at or near diabetes
diagnosis. Youth with type 1 diabetes
were predominantly non-Hispanic White
(n 5 4,961; 65.3%) but were socioeconomically diverse, with 32.9% of families reporting incomes #$49,000/year
and 32.5% reporting public insurance
coverage (Medicaid or Medicare) (Table
1). Overall, of the 7,612 cases eligible
for this analysis, 2,929 had DKA at or
within 1 month of diabetes diagnosis
(38.5 out of 100 [95% CI 37.4, 39.6]).
The highest prevalence of DKA at or
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estimates obtained from the full sample
(RR 1.02 [95% CI 1.01, 1.04]) (Table 2).
CONCLUSIONS

While the distribution of demographic factors for incident type 1 diabetes is changing (14), we report that the proportion of
children with incident type 1 diabetes presenting with DKA at or near to the time of
diabetes diagnosis is also increasing and
that changes in incident type 1 diabetes
demographics do not explain this increase.
Across the period 2010–2016, we
observed that DKA at or near diabetes
diagnosis of youth-onset type 1 diabetes,
increased at a rate of 2% per year. Overall,
38.5% of case subjects with type 1 diabetes presented with DKA at or near to the
time of diagnosis, an increase from our
previously estimated prevalence of e 30%
from 2002 to 2010. Consistent with earlier
reports from SEARCH, we observed the
highest proportion of DKA at or near type
1 diabetes diagnoses among younger children (5). Still, it has been noted that adolescents (10–14 years of age) also may be
at higher risk of DKA at diagnosis (16). In
the current study, youth aged 10–14 had a

higher prevalence of DKA at type 1 diabetes diagnosis as compared with older adolescents $15 years (Supplementary Table
1). Youth with Hispanic ethnicity identity
and from families without private insurance also had higher prevalence of DKA as
compared with their non-Hispanic White
and privately insured peers. Within subgroups, we noted increasing trends in
prevalence of DKA at or near type 1 diabetes diagnosis for youth aged 10–14 years,
those diagnosed in the spring season, and
those registered in South Carolina.
Studies from other developed countries have reported a broad range of
prevalence estimates for DKA at diagnosis of type 1 diabetes (17), speciﬁcally countries with higher health care
provision experiencing the lowest
prevalence of DKA (17,18). Recent
reports indicate prevalence may be
increasing (19–21). However, in the
SEARCH study from 2002 to 2010, we
found no evidence of a change in DKA
prevalence at or near youth-onset
type 1 diabetes diagnosis (30.2% in
2002–2003, 29.1% in 2004–2005, and
31.1% in 2008–2010; Ptrend 5 0.42)

Table 2—Relative annual increase in prevalence of DKA at type 1 diabetes diagnosis in the SEARCH for Diabetes in Youth
study (2010–2016)
N

DKA at diagnosis (n)

RR (95% CI) 1-year increase

P

Model 1: complete case, unadjusted
Model 2: complete case, adjusted*

6,121
6,121

2,326
2,326

1.02 (1.01, 1.04)
1.02 (1.01, 1.04)

0.0064
0.0052

Model 3: complete sample, unadjusted

7,612

2,929

1.02 (1.01, 1.04)

0.0045

*Adjusted for age group, sex, race/ethnicity, income, parent/caregiver education, insurance status, primary language, SEARCH site, and
season.
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Figure 1—Trends in prevalence of DKA at type 1 diabetes diagnosis in the SEARCH for Diabetes
in Youth study (2010–2016). *P value for trend (0.0110) generated by creating four equal time
periods.

(12). In the U.S. speciﬁcally, reports
from a referral-based, single center
suggest increases (13,22). The current
study conﬁrms these observations, in
a more diverse, population-based registry of youth-onset type 1 diabetes.
While we observed a changing distribution in sociodemographic factors
among cases over time (Supplementary
Fig. 1), this did not explain the increase
in DKA prevalence across the study
period. Although income was not
adjusted for inﬂation, and income
appeared to increase over the period of
observation, the overall proportion of
those on Medicaid also increased across
this same time period. Of note, our
ﬁndings are also consistent with a
recent population-based study among
youth (#17 years) in Quebec, where
DKA at diagnosis has increased from
22% in 2001% to 30% in 2014, with a
relative increase of 2% each year (RR
1.02 [95% CI 1.01–1.03]) (23). Canada
has universal health care; however, it
has been noted that access to primary
care has decreased over time and that
access to primary care is associated
with decreased risk of DKA at diagnosis
(24).
While beyond the scope of the current study, future evaluations may want
to consider the potential inﬂuence of
the changing health insurance coverage
landscape in the U.S. In the U.S., health
insurance coverage varies, with some
individuals bearing high out-of-pocket
and co-pay costs, even with insurance
coverage. While the proportion of adults
reporting insurance coverage, having
usual health care providers, and using
health care and screening for diabetes
has increased (27), there has also been
an increase in high-deductible, employersponsored health plans, in which out-ofpocket deductible costs for employees
have more than doubled (28). However,
how these changes have translated to
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presence of DKA across the entire
period under study. Further, because
date of diabetes diagnosis is documented by month and year, we cannot
rule out the possibility that a portion
of the DKA cases occurred after diabetes diagnosis (but within 1 month of
diagnosis). Of note, we applied the
same approach to characterizing DKA
as has been previously applied in
SEARCH, thus allowing for comparison
across time in burden. Because data
on DKA status were abstracted retrospectively from patient medical records,
with variation in the documentation of
laboratory values, details on DKA severity
were not available.
In conclusion, in a multisite, populationbased U.S. study of youth onset diabetes,
we observed a signiﬁcant increase in the
prevalence of DKA at or near diagnosis of
type 1 diabetes over a 7-year time period
(2010–2016). This increase is in contrast to
our previous ﬁndings indicating a high but
static prevalence of DKA across the 9-year
period from 2002 to 2010 (12). The
increase observed was not explained by
changes in the distribution of sociodemographic factors among individuals newly
diagnosed with type 1 diabetes over time,
but the increase in DKA was found to be
signiﬁcant in subgroups such as 10–14year-old children and males, who may represent risk groups for development of DKA
at diagnosis. The increase in DKA at or near
type 1 diabetes diagnosis is of considerable
concern, as DKA is not only associated with
acute complications and mortality (1,2), but
also with risk of long-term poorly managed
diabetes, diabetes-associated complications
and comorbidities, and signiﬁcant health
care costs (25,26,29–32). Additional study is
needed to understand these trends. Examination of the contribution of the changing
health insurance landscape in the U.S. is
one potential area of investigation, but
other factors may also contribute. Understanding the role of these factors is critical
to mitigating risk of DKA and could inform
other risk mitigation strategies, such as
education and screening of children at
increased risk (9,33–36).
The increase in prevalence of DKA at
or near diabetes diagnosis reported in
this study, as well as in other recent
reports described above, is likely not
explained by changes in population distribution of genetic susceptibility factors.
Identifying children at risk, increasing surveillance of these children, and ensuring
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barriers to care are minimized, particularly for populations at greatest risk of
marginalization, may be critical for reducing DKA at diagnosis.

Acknowledgments. The SEARCH for Diabetes
in Youth Study is indebted to the many youth,
their families, and health care providers,
whose participation made this study possible.
The authors thank Kaiser Permanente Southern California’s Clinical Research Center
(funded by Kaiser Foundation Health Plan and
supported in part by the Southern California
Permanente Medical Group), the South Carolina Clinical & Translational Research Institute
at the Medical University of South Carolina,
National Institutes of Health (NIH)/National
Center for Advancing Translational Sciences
(NCATS) grants UL1 TR000062 and UL1
TR001450; Seattle Children’s Hospital and the
University of Washington, NIH/NCATS grant
number UL1 TR00423; University of Colorado
Pediatric Clinical and Translational Research
Center, NIH/NCATS grant UL1 TR000154; the
Barbara Davis Center for Diabetes at the University of Colorado at Denver (Diabetes Endocrinology Research Center NIH grant P30
DK57516); the University of Cincinnati, NIH/
NCATS grants UL1 TR000077 and UL1
TR001425; and the Children with Medical
Handicaps program managed by the Ohio
Department of Health for involvement in this
study. This study includes data provided by
the Ohio Department of Health, which should
not be considered an endorsement of this
study or its conclusions.
Funding. The SEARCH for Diabetes in Youth
Cohort Study is funded by the NIH, National Institute of Diabetes and Digestive and Kidney Diseases (1UC4DK108173-01) and supported by the
Centers for Disease Control and Prevention (CDC).
The Population Based Registry of Diabetes in
Youth Study is funded by the CDC (RFP DP15-002)
and supported by the NIH, National Institute of
Diabetes and Digestive and Kidney Diseases. Funding for the study sites is as follows: Kaiser Permanente Southern California (U18DP006133, U48/
CCU919219, U01 DP000246, and U18DP002714),
University of Colorado Denver (U18DP006139,
U48/CCU819241-3, U01 DP000247, and
U18DP000247-06A1), Cincinnati’s Children’s
Hospital Medical Center (U18DP006134, U48/
CCU519239, U01 DP000248, and 1U18DP002709),
University of North Carolina at Chapel Hill
(U18DP006138, U48/CCU419249, U01 DP000254,
and U18DP002708), Seattle Children’s Hospital
(U18DP006136, U58/CCU019235-4, U01 DP000244,
and U18DP002710-01), and Wake Forest University
School of Medicine (U18DP006131, U48/CCU919219,
U01 DP000250, and 200-2010-35171).
The ﬁndings and conclusions in this report
are those of the authors and do not necessarily represent the ofﬁcial position of the CDC
and the National Institute of Diabetes and
Digestive and Kidney Diseases.
Duality of Interest. No potential conﬂicts of
interest relevant to this article were reported.
Author Contributions. E.T.J. and D.D. led
the study design. E.T.J. and R.B.D’A. provided
oversight to the study analyses. J.M.S.

Downloaded from http://diabetesjournals.org/care/article-pdf/44/7/1573/632919/dc200389.pdf by guest on 13 August 2022

health care utilization among children
and adolescents and any potential impact
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the changing prevalence in DKA at or
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consistent with not having DKA at
diagnosis. The period from 2010 to
2016 was a period in which many clinical sites were undergoing changes in
documentation of medical records,
either transitioning to electronic systems or to new platforms for electronic medical record management.
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cases with documentation of laboratory values consistent with DKA as
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clinical notes only. We also observed
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the diagnostic criteria being met (from
55% in 2010 to 79% in 2016). However, the proportion with provider
documentation of DKA remained consistent across time, suggesting that
while there may have been improvements in documentation of laboratory
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those determined to have DKA having
evidence of a provider note indicating
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