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OBJECTIVE

To examine short-term mortality and cause of death among youth and young
adults (YYAs) with youth-onset diabetes.

RESEARCH DESIGN AND METHODS

We included 19,717 YYAs newly diagnosed with diabetes before 20 years of age
from 1 January 2002 to 31 December 2015 enrolled in the SEARCH for Diabetes in
Youth Study. Of these, 14,721 had type 1; 4,141 type 2; and 551 secondary and
304 other/unknown diabetes type. Cases were linked with the National Death
Index through 31 December 2017. We calculated standardized mortality ratios
(SMRs) and 95% CIs based on age, sex, and race/ethnicity for state and county
population areas and examined underlying causes of death.

RESULTS

During 170,148 person-years (PY) (median follow-up 8.5 years), 283 individuals
died: 133 with type 1 (103.0/100,000 PY), 55 with type 2 (161.5/100,000 PY), 87
with secondary (1,952/100,000 PY), and 8 with other/unknown diabetes type
(312.3/100,000 PY). SMRs (95% CI) for the first three groups were 1.5 (1.2–1.8), 2.3
(1.7–3.0), and 28.0 (22.4–34.6), respectively. Diabetes was the underlying cause of
death for 42.1%, 9.1%, and 4.6% of deaths, respectively. The SMR was greater for
type 2 than for type 1 diabetes (P < 0.001). SMRs were significantly higher for
individuals with type 1 diabetes who were <20 years of age, non-Hispanic White
and Hispanic, and female and for individuals with type 2 diabetes who were
<25 years of age, from all race/ethnic minority groups, and from both sexes.

CONCLUSIONS

Excess mortality was observed among YYAs for each type of diabetes with differ-
ences in risk associated with diabetes type, age, race/ethnicity, and sex. The root
causes of excess mortality among YYAs with diabetes merit further study.

Diabetes is one of the most common chronic diseases diagnosed in childhood. The
SEARCH for Diabetes in Youth Study (SEARCH) reported a 1.9% increase per year in
the incidence of type 1 diabetes and 4.8% per year increase for type 2 diabetes
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from 2002 to 2015 among U.S. youth
(1) with significant increases in preva-
lence from 2001 to 2017 also reported
(2). A continued upward trend in diabe-
tes incidence will result in a substantial
increase in the number of youth with
type 1 and type 2 diabetes, especially
youth from minority race/ethnic groups
(3). As the incidence and prevalence of
youth-onset diabetes increases in the
United States, diabetes-related morbid-
ity and mortality among these youth
and young adults (YYAs) as they age
requires further attention.

While excess mortality risk has been
reported for individuals with youth-
onset type 1 diabetes with differences
in risk varying by country (4–11), there
are fewer reports of mortality among
individuals with youth-onset type 2 dia-
betes, a relatively recent condition,
compared with the general population.
In an earlier SEARCH analysis, YYAs with
type 2 diabetes experienced over twice
the excess mortality at an average dia-
betes duration of just over 5 years com-
pared with populations of similar age,
sex, and race/ethnicity (12).

To provide a contemporary assess-
ment of mortality among YYAs with
youth-onset diabetes, we assembled a
large diverse cohort of individuals with
youth-onset type 1, type 2, and second-
ary diabetes diagnosed from 2002
through 2015 with a median follow-up
period of �8 years. We evaluated the
impact of diabetes type and demo-
graphic characteristics (age, sex, and
race/ethnicity) on mortality risk and
explored the cause of death by diabetes
type and sex.

RESEARCH DESIGN AND METHODS

Study Population
SEARCH is a prospective multicenter
population-based observational study of
youth with diabetes diagnosed prior to
20 years of age. A detailed description
of study methods has been published
previously (13). In brief, incident physi-
cian-diagnosed diabetes cases among
individuals aged <20 years diagnosed
from 2002–2018 were identified. Cases
were ascertained from geographically
bounded populations in Ohio and adja-
cent counties, Colorado, South Carolina,
and Washington, among health plan
enrollees in California (Kaiser Perma-
nente Southern California), and among

Indian Health Service beneficiaries from
American Indian populations in Arizona
and New Mexico. Cases were identified
through networks of pediatricians,
endocrinologists, and other health care
providers, hospitals, health centers, and
health plans. Diabetes type was based
on physician report �6 months after
diabetes diagnosis and categorized as
type 1 diabetes (including type 1, type
1a, and type 1b), type 2 diabetes, sec-
ondary diabetes (any cause), other
types (such as monogenic forms of dia-
betes), and unknown diabetes type
(type was missing or not known). Cases
were registered anonymously with the
Coordinating Center (Wake Forest
School of Medicine). Case ascertain-
ment has been >90% for incident cases
of type 1 and type 2 diabetes during
the study (2,13). Case ascertainment
and registration were performed under
a Health Insurance Portability and
Accountability Act of 1996 waiver of
written informed consent granted by
local institutional review boards with
jurisdiction over the study populations.

Ascertainment of Vital Status
All individuals in the SEARCH registry
with incident diabetes diagnosed
between 1 January 2002 and 31 Decem-
ber 2015 (n = 20,148) were eligible for
inclusion in the mortality surveillance
study. The end date for incident cases
(31 December 2015) was chosen to
allow for a minimum of 2 years of fol-
low-up after diabetes diagnosis through
31 December 2017 with the latter date
chosen in consideration of the �18-
month lag in mortality data availability.
From the 20,148 cases registered, 433
cases (2.1%) were excluded due to
insufficient individual-level data for link-
age with the National Death Index (NDI)
(14) and unknown vital status from
other sources at the end of the study
period. Compared with the cases who
were included, those excluded were
older at diagnosis and more likely to
have type 2 than type 1 diabetes, to be
non-Hispanic Black or unknown race/
ethnicity than other race/ethnicities,
and to be from the earlier incidence
years of the study (Supplementary
Table 1).

Vital status (living, deceased, and
unknown) and underlying and contribut-
ing causes of death were determined by

linking the remaining 19,717 diabetes
cases with NDI Plus database from the
date of diabetes diagnosis through 31
December 2017 after excluding cases
known to be alive on or after 31
December 2017 from local clinical or
research records. Records in which indi-
viduals were known to be deceased
were submitted to the NDI to obtain
cause of death. Death certificates and
reports of deaths by immediate family
members or healthcare providers were
also considered definitive evidence of
death. NDI records were searched for
all years for which vital status could not
be confirmed. Deaths were verified by
matching name, social security number
(when available), date of birth, and sex.

Cause of Death
Cause of death was derived from the NDI
Plus database where it had been classified
per ICD-10. “Underlying cause of death”
was used for cause-specific mortality.
“Contributing cause of death” was used
to identify deaths in which diabetes was a
significant condition contributing to death
but not the underlying cause. For Diabe-
tes (ICD-10 codes E00–E14), Metabolic
Diseases (E15–E99), and External causes
of morbidity and mortality (V00–Y89),
specific conditions listed within the series
of codes are reported for the underlying
cause of death. For other conditions with
fewer decedents in our study, only the
broader categories are reported.

Statistical Analysis
Person-years (PY) of follow-up were cal-
culated from date of diabetes diagnosis
to 31 December 2017 or date of death,
whichever occurred first. Crude mortal-
ity rates by diabetes type and addition-
ally stratified by age, sex, and race/
ethnicity were calculated per 100,000
PY. Standardized mortality ratios (SMRs)
were calculated as observed numbers
of deaths in the SEARCH study cohort
divided by expected numbers of deaths
based on age, sex, and race/ethnicity
distributions for U.S. state and county
populations from which diabetes cases
were identified. These areas included
corresponding state (South Carolina and
Colorado) and county populations (Cali-
fornia, seven counties; Washington, five
counties; Ohio, four counties; Kentucky,
three counties; Indiana, one county; Ari-
zona, three counties; and New Mexico,
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seven counties). The Kentucky and Indi-
ana counties were part of the Ohio sur-
veillance area. The county populations
in Arizona and New Mexico were
restricted to the Native American YYAs,
as only Indian Health Service beneficia-
ries were enrolled from these counties.
For each year, population sizes and

deaths in the corresponding state and
county populations were obtained from
the Centers for Disease Control and Pre-
vention Wide-ranging Online Data for
Epidemiologic Research (CDC WONDER)
online tool, which contains mortality
and population counts for all U.S. coun-
ties. The 95% CIs for the SMRs are cal-
culated using Byars approximation of
the exact Poisson distribution (15). A
two-sided skew-corrected inverted score
test assuming a binomial distribution
was used to determine if the SMRs
were significantly different for type 1
and type 2 diabetes. While the main
focus of these analyses was individuals
with type 1 and type 2 diabetes, the
largest contributors to youth-onset dia-
betes incidence, we included limited
analyses for the secondary and other/
unknown diabetes type groups both for
cohort completeness and due to the
potential for high mortality rate among
the secondary diabetes cases. Cause-
specific mortality rates were not calcu-
lated because the numbers of deaths
were too small for reliable estimates.
However, we described the underlying
causes of death and contributing cause
of death when it was diabetes stratified
by diabetes type and for YYA with type
1 and type 2 diabetes, additionally strat-
ified by sex as an exploratory analysis.

RESULTS

These analyses included 19,717 individu-
als with youth-onset diabetes with a
median follow-up period was 8.5 years
(range 0–16 years) (Table 1). During
170,148 PY of observation, there were
283 deaths: 133 decedents with type 1
diabetes, 55 with type 2 diabetes, 87 with
secondary diabetes, and 8 with other/
unknown diabetes type (Supplementary
Table 2). The corresponding duration of
diabetes at death (mean [SD]) was 7.4
(4.5) years, 6.6 (4.2) years, 4.4 (3.7) years,
and 3.9 (4.6) years, respectively (Table 1).
Time from diagnosis to death by diabetes
type is shown in Supplementary Fig. 1.

SMRs
Among individuals with type 1 diabetes,
the crude mortality rate was 103.0/
100,000 PY, and the overall SMR was
1.5 (95% CI 1.2, 1.8) (Table 2). The SMR
was significantly higher than the under-
lying population for individuals <20
years of age (<15 and 15–19 years), for
non-Hispanic White and Hispanic indi-
viduals and for females but not males
(Fig. 1A). Among individuals with type 2
diabetes, the overall crude morality rate
was 161.5/100,000 PY, and the SMR
was 2.3 (95% CI 1.7, 3.0) (Table 2 and
Fig. 1B). The SMR was significantly
higher for individuals <25 years of age
(<15, 15–19, and 20–24 years), among
YYAs from all race/ethnic groups except
non-Hispanic White, and among both
males and females (Fig. 1B). The crude
mortality rate for YYAs with type 2 was
significantly higher than for YYAs with
type 1 diabetes (P < 0.001) (Table 2).
For secondary and unknown diabetes
type, the crude mortality rates were
1,952.0 and 312.3, respectively, and the
SMRs were 28.0 (95% CI 22.4, 34.6) and
4.5 (95% CI 1.9, 8.8), respectively (data
not shown).

Cause of Death
Among decedents with type 1 diabetes,
the most frequent underlying cause of
death was diabetes (42.1%) of which
two-thirds were coded as having ketoa-
cidosis (E10.1 or E14.1) or coma (E14.0)
(Table 3). This did not differ significantly
by sex; 39.7% of females and 44.0% of
males had diabetes reported as the
underlying cause of death (P = 0.25)
(Supplementary Table 3). The other
most frequent underlying causes of
death were external causes of morbidity
and mortality (36.8%) comprised predom-
inantly of accidental injury (12.8%), trans-
port/motor vehicle accidents (12.0%), and
intentional self-harm (9.8%). There was
not a significant difference for females
and males (29.3% vs. 42.7%; P = 0.11),
respectively (Supplementary Table 3). Dia-
betes was a contributing cause of death
for 10.5% of individuals with type 1 diabe-
tes. For deaths in which diabetes was the
contributing cause (n = 14), the underlying
cause was external causes (V00–Y89,
64.3%), diseases of the central nervous
system (G04.9, 21.4%), the circulatory sys-
tem (I26.9, 7.1%), and the musculoskeletal
system (M32.1, 7.1%) (data not shown).

Among decedents with type 2 diabe-
tes, diabetes was the underlying cause
of death for 9.1%; the most frequent
causes of death were external causes of
morbidity and mortality (34.5%), includ-
ing predominantly other external causes
of injury (10.9%), assault (9.1%), and
transport/motor vehicle accident (7.3%)
as well as cancer (10.9%) and diseases
of the circulatory system (9.1%). Diabe-
tes was a contributing cause of death
for 12.7% of decedents. For deaths with
diabetes as a contributing cause (n = 7),
one was attributed to an external cause
(X31) and the other six to a variety of
medical conditions (data not shown).

Among decedents with secondary
diabetes, diabetes was the underlying
cause of death for 4.6% and a contribut-
ing cause of death for 11.5%. The most
frequent underlying cause of death was
cystic fibrosis (CF) (E84.x, 40.2%), and
the next most frequent cause was can-
cer (11.5%). Only 6.9% of deaths were
from external causes.

CONCLUSIONS

YYAs with youth-onset diabetes experi-
ence mortality at significantly higher
rates than the general population with
varying degrees of excess mortality by
diabetes type after a median follow-up
of just over 8 years after diabetes diag-
nosis. Compared with mortality for YYAs
in comparable regions of the United
States, mortality was �1.5 times greater
for YYAs with type 1 diabetes, 2.3 times
greater for type 2 diabetes, and 28
times greater for secondary diabetes,
which is often caused by conditions
with significant morbidity and mortality,
such as CF, pancreatitis, medications
such as glucocorticoids, and genetic syn-
dromes (16).

Type 1 Diabetes
Excess mortality in earlier studies of
individuals with type 1 diabetes was
greater than in the more contemporary
studies, including the current study, and
has varied significantly by country (4).
As examples, in the Allegheny County
(Pennsylvania) registry (diagnosed at
<18 years old from 1965–1979), there
was seven times greater mortality than
the comparison population after a
mean of 30 years of diabetes duration
(7). In the Chicago Diabetes Registry
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diagnosed with presumptive type 1 dia-
betes <18 years between 1985–2000
and followed over 7.8 years, the death

rate was 237/100,000 PY (6), which was
twice that reported in the current study
(103/100,000 PY) during a median of

8.7 years of follow-up. In the Western
Australia Children’s Diabetes Database
(aged <18 years at diagnosis from

Table 1—Demographic and clinical characteristics of the 19,717 youth-onset diabetes cases in the SEARCH for Diabetes in
Youth mortality surveillance study, overall and by diabetes type, incident years 2002–2015

Diabetes type

Total Type 1 Type 2 Secondary Other/unknown‡

N 19,717 14,721 4,141 551 304

Age at diabetes dx, years, mean (SD) 11.1 (4.6) 10.0 (4.5) 14.8 (2.8) 13.4 (4.1) 13.3 (4.2)

Age at diabetes dx, years, n (%)

0–4 2,521 (12.8) 2,472 (16.8) 7 (0.2) 29 (5.3) 13 (4.3)
5–9 4,925 (25.0) 4,635 (31.5) 186 (4.5) 53 (9.6) 51 (16.9)
10–14 7,725 (39.2) 5,449 (37.0) 1,905 (46.0) 255 (46.3) 116 (38.4)
15–19 4,543 (23.0) 2,164 (14.7) 2,043 (49.3) 214 (38.8) 122 (40.4)

Sex, n (%)

Female 9,935 (50.4) 6,918 (47.0) 2,536 (61.2) 310 (56.3) 171 (56.6)
Male 9,780 (49.6) 7,803 (53.0) 1,605 (38.8) 241 (43.7) 131 (43.4)

Race/Ethnicity, n (%)

Non-Hispanic White 11,177 (56.7) 9,995 (67.9) 752 (18.2) 312 (56.6) 118 (38.8)
Non-Hispanic Black 3,576 (18.1) 1,841 (12.5) 1,556 (37.6) 110 (20.0) 69 (22.7)
Hispanic 3,498 (17.7) 2,137 (14.5) 1,181 (28.5) 99 (18.0) 81 (26.6)
Other/unknown* 1,466 (7.4) 748 (5.1) 652 (15.7) 30 (5.4) 36 (11.8)

Year of diagnosis, n (%)

2002–2005 4,961 (25.2) 3,842 (26.1) 905 (21.9) 147 (26.7) 67 (22.0)
2006–2010 7,105 (36.0) 5,299 (36.0) 1,464 (35.4) 225 (40.8) 117 (38.5)
2011–2015 7,651 (38.8) 5,580 (37.9) 1,772 (42.8) 179 (32.5) 120 (39.5)

Follow-up time from dx, years,† median (minimum–maximum) 8.5 (0–16) 8.7 (0–16) 7.8 (0–16) 7.9 (0–16) 8.2 (0–15.9)

Age at death/censor, years, mean (SD) 19.7 (5.9) 18.7 (5.9) 23.0 (4.7) 21.5 (5.7) 21.8 (5.8)

Age group at death/censor, years, n (%)

<15 4,222 (21.4) 3,971 (27.0) 152 (3.7) 63 (11.4) 36 (11.9)
15–19 5,939 (30.1) 4,693 (31.9) 1,018 (24.6) 149 (27.0) 79 (26.2)
20–24 5,607 (28.4) 3,748 (25.5) 1,575 (38.0) 182 (33.0) 102 (33.8)
25–29 3,183 (16.1) 1,942 (13.2) 1,060 (25.6) 122 (22.1) 59 (19.5)
30–34 762 (3.9) 366 (2.5) 335 (8.1) 35 (6.4) 26 (8.6)

PY of follow-up 170,148 129,083 34,046 4,457 2,562

dx, diagnosis. *Other/unknown race/ethnicity (n = 1,466) is comprised of Asian/Pacific Islanders (n = 618), Native Americans (n = 353), non-
Hispanic/other races (n = 226), and unknown race/ethnicity (n = 269). †Follow-up time is from diabetes diagnosis to death or censoring on
31 December 2017 (the end date for the NDI search). ‡Among the other/unknown diabetes type group, 76 (25.0%) had monogenic diabetes,
4 (1.3%) had hybrid diabetes type, and 224 (73.7%) had unknown diabetes type or their type was missing from the medical record.
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Figure 1—SMRs and 95% CIs for type 1 (A) and type 2 (B) diabetes overall and by sex, race/ethnicity, and age at death or end of follow-up. The
number on the top of or beside the bar is the SMR. The error bars show the range of the 95% CI. The top of the error bar for<15 years in B is 24.9.
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1987–2011), there were 74.5 deaths/
100,000 PY during 7.6 years of follow-
up, which is less than identified in the
SEARCH study (11). In the SWEDIABKIDS
register (diagnosed <18 years of age,
2006–2014), the SMR was 2.7 compared
with the general Swedish population
(17). In a study in Yorkshire, U.K. (diag-
nosed <15 years of age from 1978 to
2013) followed for a median of 17.7
years, there were 188 deaths/100,000
PY (5). Mortality in the last diagnosis
period (2006–2013) of the U.K. study
was significantly lower (hazard ratio
0.13) than the earliest periods. The
lower mortality rates and SMRs seen in
the Western Australia and SEARCH reg-
istries could be due to a shorter dura-
tion of diabetes and the focus on more
contemporary cohorts, which may have
benefited from advances in diabetes
treatment.
Mortality was significantly higher

(SMR 2.0) for females with type 1 dia-
betes but not for males. Other studies
have reported excess deaths for females
compared with males with type 1 dia-
betes. The Western Australian Children’s
Diabetes Database found that all-cause
mortality for females with type 1 diabe-
tes was 10 times that of the general
population in early adulthood, but there

was no increased mortality risk for
males (11), and in Sweden, there was
also significant excess mortality for
females with type 1 diabetes (SMR 8.7)
but not males (SMR 1.8) (17). In North-
ern Ireland (18), both males and
females had excess mortality compared
with the general population, but the
excess was much greater for females
(SMR 534) than for males (SMR 202). In
the current study, we observed that the
crude mortality rates for males and
females with type 1 diabetes were simi-
lar—94.7/100,000 and 110.6/100,000,
respectively—and the hazard ratios
were not significantly different by sex.
However, the SMR is higher for females
because the mortality rate for the
female comparison population was
lower than for our cohort with type 1
diabetes. The proportion of the underly-
ing causes of death attributed to diabe-
tes and external causes were similar for
males and females.

Among all decedents with type 1 dia-
betes, approximately two-thirds of the
deaths with diabetes as the underlying
cause were attributed to diabetes with
diabetic ketoacidosis (DKA) or coma.
Hospitalizations for DKA among individ-
uals <45 years of age decreased slightly
from 2000 to 2009 and then increased

steadily from 2009 until 2014, although
the case fatality rates from DKA have
declined over time (19).

Type 2 Diabetes
Both males and females with type 2 dia-
betes had excess mortality as did Black
and Hispanic YYAs. For White YYAs, the
difference in mortality between youth
with type 2 diabetes and the compara-
ble population was not statistically sig-
nificant. There are few studies of
mortality among individuals with youth-
onset type 2 diabetes, a relatively
recent condition. In a population-based
study of Pima Indians in Arizona con-
ducted between 1965 and 2002, the
death rate was 3.0 times as high in indi-
viduals with youth-onset type 2 diabe-
tes and 1.4 times as high in individuals
with older-onset diabetes (aged 20–54
years) compared with nondiabetic con-
trols (20). In an Australian study that
included 588 individuals diagnosed with
type 2 diabetes between 15 and 29
years of age from 1986 onward, includ-
ing deaths through 2011, the SMR was
3.4. While the crude mortality rate was
lowest for individuals in this age group,
the SMR declined linearly with each 10-
year increment (2.5 for 30–39 years and
1.8 for 40–49 years) (21). Similarly, a

Table 2—Mortality rates per 100,000 PY through 31 December 2017 among 18,862 YYAs with type 1 and type 2 diabetes by
diabetes type for incident years 2002–2015, and for comparable state/county populations: the SEARCH for Diabetes in Youth
Study

Type 1 diabetes, N = 14,721 incident cases Type 2 diabetes, N = 4,141 incident cases

PY

N of deaths
Crude mortality
rate/100,000 PY

PY

N of deaths
Crude mortality
rate/100,000 PY

Observed Expected SEARCH Population* Observed Expected SEARCH Population*

All cases 129,083 133 89 103.0 69.7 34,046 55 23 161.5 69.7

Sex

Female 61,241 58 28 94.7 46.4 20,889 21 10 100.5 46.4
Male 67,842 75 61 110.6 91.8 13,157 34 12 258.4 91.8

Race/ethnicity

NH White 88,962 88 61 98.9 69.1 6,569 7 5 106.6 69.1
NH Black 15,691 22 19 140.2 122.4 12,561 27 15 215.0 122.4
Hispanic 17,790 19 11 106.8 60.0 9,460 11 6 116.3 60.0
Other/unknown 6,640 4 3 60.2 52.3 5,456 10 2 183.3 52.3

Age at death or end of follow-up, years

<15 22,253 20 12 89.9 52.7 553 2 0 361.6 52.7
15–19 38,624 50 20 129.5 51.3 4,923 15 2 304.7 51.3
20–24 38,340 40 32 104.3 84.3 11,559 23 10 199.0 84.3
25–29 24,596 20 21 81.3 88.3 12,239 11 11 89.9 88.3
30–34 5,271 2 5 37.9 102.9 4,772 3 5 62.9 102.9

NH, non-Hispanic. *Population: the U.S. state and county populations from which the cases were drawn.
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recent meta-analysis reported that each
1-year increase in age at type 2 diabe-
tes diagnosis was associated with a 4%
decreased risk of all-cause mortality
when adjusted for current age (22).
Thus, while preventing type 2 diabetes
would provide the maximum reduction
in mortality, delaying the onset of type
2 diabetes until later in life may also
result in a reduction in mortality.
Among YYAs with type 2 diabetes,

only 9.1% were attributed to diabetes,
while about a third were attributed to
external causes (e.g., motor vehicle
accidents, other accidental injuries, and
assault) and the remainder to other
health conditions. The proportion of
deaths attributable to external causes
(34.5%) was consistent with the U.S.
population in general. The leading cause
of death for individuals in the United
States aged 1–44 years is unintentional
injuries (31.8% of 1–9 years, 40.6% of
10–24 years, and 34.6% of 25–44 years)
(23). However, there remains an excess
in mortality among YYAs with type 2
diabetes beyond that experienced by
the comparison population, perhaps
due in part to socioeconomic disadvan-
tage, as evidenced by lower household
income, lower parental education, and
greater reliance on Medicaid (24). Mor-
tality in childhood and early adulthood
has been shown to be associated with
parental socioeconomic status (25).
Lower levels of educational attainment
and financial wealth have been shown
to be strong predictors of mortality risk
among adults with diabetes (26).

Secondary Diabetes
The mortality rate from secondary dia-
betes, which includes diseases of the
exocrine pancreas (such as CF and pan-
creatitis), and drug- or chemical-induced
diabetes (such as chemotherapy and
glucocorticoids) was much higher than
for youth with type 1 or type 2 diabetes
and the general population. The largest
number of deaths in our secondary dia-
betes cohort was attributed to CF. CF-
related diabetes (CFRD) is the most
common comorbidity in individuals with
CF. CFRD occurs in <5% of children
with CF aged #10 years and 15–20% of
adolescents (27). The risk of CFRD is
increased using glucocorticoids and
immunosuppressive drugs that are asso-
ciated with worsening pulmonary

disease and transplantation (28,29). We
found that only 7% of deaths among
YYAs with secondary diabetes were
attributed to external causes; most of
these deaths were attributed to medical
conditions.

Limitations and Strengths
There are several limitations to our
study. We did not conduct cause-spe-
cific mortality analyses or calculate
SMRs by specific causes of death due to
the relatively small number of deaths.
Our outcomes, vital status, and cause of
death were based on linkage with the
NDI. Studies have demonstrated that
the NDI is an accurate source for ascer-
taining vital status even when social
security numbers are not available. Sen-
sitivity of the NDI ranges from 87% to
98%, and use of different combinations
of personal identifiers can correctly
identify 83% to 92% of decedents and
92% to 99% of living individuals (30).
While our analyses covered 14 years of
incident diabetes cases in the SEARCH
registry, we did not have a large enough
sample size to undertake a trend analy-
sis because of the larger number of
cases in later years (with shorter dura-
tion of diabetes) compared with the
earlier years of the study due to
increasing incidence (1). A small number
of cases were excluded due to missing
information required for linkage. The
direction of potential bias caused by
excluding these cases is unknown,
although excluding such a small propor-
tion likely had only a minor effect on
the overall results.

The strengths of our study include
the large contemporary population-
based cohort of individuals with youth-
onset diabetes diagnosed in the past
two decades, including perhaps the
largest population-based sample of indi-
viduals with youth-onset type 2 diabe-
tes. Mortality data for individuals with
youth-onset type 2 diabetes is particu-
larly limited, and studies have reported
higher mortality with younger ages of
type 2 diabetes diagnosis (21,22). Con-
sistent methods were used for ascer-
tainment of incident diabetes cases
with high levels of completeness (1,31)
and for the determination of diabetes
type since the beginning of the SEARCH
study, making the comparison of mor-
tality rates for type 1, type 2, and

secondary diabetes robust. While the
number of Asian/Pacific Islander and
Native American YYAs was small relative
to the other three race/ethnic groups,
there is significant racial/ethnic diversity
among the YYAs in the overall SEARCH
registry, and the large sample sizes for
non-Hispanic White, Black, and Hispanic
YYAs allowed for important comparisons
of SMRs for these three race/ethnic
groups.

Conclusion
Among individuals with youth-onset dia-
betes, there is excess short-term mortal-
ity, with this excess mortality being
greater for type 2 and secondary diabe-
tes than for type 1 diabetes after a
median of 8 years of diabetes duration.
With the rising number of YYAs with
youth-onset diabetes (1–3), the number
of excess deaths among persons with
diabetes is also likely to rise unless the
etiology of the excess mortality associ-
ated with having diabetes can be identi-
fied and prevented. Detailed cause-
specific mortality analyses would be
needed to determine whether specific
sociodemographic characteristics are
associated with cause of death.
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