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OBJECTIVEdTo evaluate long-term clinical outcomes and survival in young-onset type 2
diabetes (T2DM) compared with type 1 diabetes (T1DM) with a similar age of onset.

RESEARCHDESIGNANDMETHODSdRecords from the Royal Prince Alfred Hospital
Diabetes Clinical Database, established in 1986, were matched with the Australian National
Death Index to establish mortality outcomes for all subjects until June 2011. Clinical and mor-
tality outcomes in 354 patients with T2DM, age of onset between 15 and 30 years (T2DM15–30),
were compared with T1DM in several ways but primarily with 470 patients with T1DM with a
similar age of onset (T1DM15–30) to minimize the confounding effect of age on outcome.

RESULTSdFor a median observation period of 21.4 (interquartile range 14–30.7) and 23.4
(15.7–32.4) years for the T2DM and T1DM cohorts, respectively, 71 of 824 patients (8.6%) died.
A significant mortality excess was noted in T2DM15–30 (11 vs. 6.8%, P = 0.03), with an increased
hazard for death (hazard ratio 2.0 [95% CI 1.2–3.2], P = 0.003). Death for T2DM15–30 occurred
after a significantly shorter disease duration (26.9 [18.1–36.0] vs. 36.5 [24.4–45.4] years, P =
0.01) and at a relatively young age. There were more cardiovascular deaths in T2DM15–30 (50 vs.
30%, P, 0.05). Despite equivalent glycemic control and shorter disease duration, the prevalence
of albuminuria and less favorable cardiovascular risk factors were greater in the T2DM15–30

cohort, even soon after diabetes onset. Neuropathy scores and macrovascular complications
were also increased in T2DM15–30 (P , 0.0001).

CONCLUSIONSdYoung-onset T2DM is the more lethal phenotype of diabetes and is asso-
ciated with a greater mortality, more diabetes complications, and unfavorable cardiovascular
disease risk factors when compared with T1DM.
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Type 2 diabetes (T2DM) in youth is
coming increasingly into focus given
its rising incidence and prevalence,

tracking together with childhood obesity.
For those with young-onset T2DM, the
increased lifetime exposure to hypergly-
cemia predicts a high complications risk
over time (1). Moreover, there is evidence
for an increased inherent susceptibility to
complications, namely retinopathy in

diabetes presenting earlier rather than later
in life (2). Furthermore, the results from the
recent TODAY (Treatment Options for
Type 2 Diabetes in Adolescents and Youth)
study, which examines optimal treatment
regimens in young-onset T2DM (3), illus-
trate the difficulty in achieving and main-
taining good glycemic control in youth,
highlighting the lifelong metabolic chal-
lenges of early onset T2DM. Together,

these observations predict a poorer prog-
nosis for young-onset T2DM.Nevertheless,
T2DM in youth is a relatively new problem,
and there are few data on long-term sur-
vival or complications to substantiate this
prediction. Such long-term outcomes from
this point would take many decades to col-
lect. Therefore, we interrogated a systemat-
ically maintained clinical database, with data
spanning.20 years, and cross-referenced it
to the Australian National Death Index
(NDI) to examine the long-term case fatal-
ity and cause of death in young-onset
T2DM. Long-term complications data
were also examined in this group.

In clinical practice, a diagnosis of T2DM
as opposed to type 1 diabetes (T1DM) in a
young person often is met with relief be-
cause T2DM is perceived as the milder
form. Again, little exists in the literature to
substantiate this assumption. Given that
the traditional focus of diabetes in youth
has been on T1DM and that established
morbidity and mortality data exist for this
group (4,5), a comparison was made with
T1DM. Accurate comparisons of outcome
between T1DM and T2DM of usual onset
have always been confounded by either
older age of the typical T2DM patient or if
age is accounted for, the much longer dis-
ease duration of the T1DMpatient. By com-
paring only young-onset groups in this
study, we were able to examine the long-
term effects T2DM compared with T1DM,
minimizing the otherwise unavoidable
confounding effects of age differences on
morbidity and mortality outcomes.

RESEARCH DESIGN AND
METHODS

Clinical database
The Royal Prince Alfred Hospital (RPAH)
Diabetes Database holds clinical informa-
tion collected by standardized protocol
on patients attending the diabetes service
since 1986 (6). Patients are referred
from a wide area, with the majority from
metropolitan Sydney, Australia, but the
catchment also extends rurally. Compli-
cations assessments are performed as
previously outlined (6), usually on an
annual basis. In brief, retinopathy was
assessed by direct fundoscopy under
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mydriasis or, in recent years, by retinal
photography. Albuminuria was deter-
mined by collection of spot urine sam-
ples, and a urine albumin/creatinine
ratio (ACR) .2.5 mg/mmol in males
and .3.5 mg/mmol in females (or an al-
bumin concentration .30 mg/L if ACR
unavailable) was considered abnormal.
Peripheral neuropathy assessment in-
volved testing vibration perception
threshold by biothesiometer, with results
expressed as a Z score adjusting for age.
Macrovascular disease and risk factors
were assessed by clinical history, symp-
toms, sitting blood pressure (BP), and
lipid profiles. Ischemic heart disease
included a history of myocardial infarc-
tion or angina or ischemia noted on elec-
trocardiogram or during stress testing.
Renal function was assessed by estimated
glomerular filtration rate (eGFR) (Modifi-
cation of Diet in Renal Disease equation)
(7). Complications data are available on
.80% of subjects for all complications.
Glycemic exposure was quantified by the
calculation of the updated HbA1c, which
accounts for the time between visits and
the number of measurements (8,9). All
measurements (mean 6 SD) of HbA1c up
to the last clinic visit were included (4.66
4.4 and 5.46 4.6 for the T2DMandT1DM
groups, respectively). HbA1c methodology
was not standardized because of the time
span over which the data were collected
and because different pathology providers
were used to analyze samples in an ambu-
latory clinic setting. Smoking history was
ascertained by patient report. Smoking
scored as current, ever, or never and
pack-year estimates were recorded.

Mortality data
Mortality was ascertained by submitting
patient data from the RPAH Diabetes
Database to the Australian Institute of
Health andWelfare for matching with the
NDI, a centralized national mortality reg-
istry of all deaths occurring in Australia
since 1980. Matching was performed by a
standardized probabilistic linkage proto-
col with the following data items: ID num-
ber, surname, first given name, second
given name, third given name, sex, date of
birth, and date and state of residence at last
contact. This linkage protocol is well
validated and reported to have a sensitivity
and specificity of 94% and 100%, respec-
tively (10). Additionally, matching ambi-
guities were adjudicated by two authors
(M.I.C., A.A.-S.) blinded to age of diabetes
onset by cross-referencing with area-wide
hospital records or confirmation provided

by family members or primary care physi-
cians. Death data were censored to 30 June
2011. The NDI is subject to delays in data
acquisition, and as a result, information
regarding the primary cause of death was
available to 2008 so that cause of death is
available for 72%of deaths. Cause of death
was classified according to ICD-10 from
1997 onward. For the deaths occurring
before 1997, causes of deathwere converted
from ICD-9 to ICD-10 for analysis.

Identification and comparison of
young-onset cohorts
A total of 24,415 records were available in
the RPAH Diabetes Database. We identi-
fied 354 patients with young-onset T2DM
defined as T2DM diagnosed between 15
and 30 years of age (T2DM15–30). We ex-
amined the outcome of this early onset
T2DM cohort with patients with T1DM
in several ways. For the primary analysis,
data from the T2DM15–30 subjects were
compared with data from all T1DM pa-
tients in the database who were diagnosed
between15 and30years of age (T1DM15–30)
(n = 470) . The two cohorts were com-
pared with respect to clinical characteris-
tics, cardiovascular risk factors, and the
presence of complications evident at the
last clinical visit. To examine for differences
in clinical parameters that may have been
present early in the disease, clinical data
were also compared for a subset for
whom there was the full complement of
complications information at a time
point of 2–5 years post diagnosis. Long-
term survival outcomes between the
T2DM15–30 and the T1DM15–30 cohorts
were examined.

For supplementary analyses, we ana-
lyzed the entire T1DM cohort diagnosed
before 30 years of age (n = 870) as a com-
parator. We also compared complications
prevalence by 1:1 matching of the
T2DM15–30 cohort with the T1DM15–30

cohort (n = 354 each) for age of onset to
attenuate the confounding effects of dia-
betes duration on the presence of compli-
cations. The data from the matched cohort
are presented in Table 1.

Statistical methods
Data were analyzed with NCSS 2007 (11)
and ACCorD (Analysis of Censored and
Correlated Data) (12). Continuous data
were checked for normality and presented
as mean or median. The two-sample t test
or the Mann-Whitney U test were used to
compare means or medians. Categorical
data were represented as percentages.
The x2 test was used to compare groups.

Logistic regression was used to examine
the determinants of macrovascular com-
plications. The independent variables
were the following: diabetes type, age, sys-
tolic BP, diastolic BP, BMI, HbA1c, choles-
terol level, triglyceride level, sex, ethnicity,
albuminuria, smoking status, and lipid-
lowering treatment.

A Kaplan-Meier survival curve was
constructed to determine the time-based
survival rate between the groups. A Cox
regression analysis was performed to ex-
amine the relationship between mortality
as the dependent variable and duration of
diabetes as the time variable. The indepen-
dent variables used in this analysis were
the following: diabetes type, age, systolic
BP, diastolic BP, HbA1c, cholesterol level,
triglyceride level, sex, ethnicity, albumin-
uria, smoking status, and lipid-lowering
treatment. Significance was accepted at
P , 0.05.

For the supplementary analysis in-
volving a matched T1DM cohort, the
NCSS Greedy (13) data-matching algo-
rithm based on propensity scores was
used. As described previously, patients
with T2DM15–30 were matched 1:1 ac-
cording to age of diagnosis with patients
with T1DM15–30. A propensity score was
calculated for the matching procedure
with the use of logistic regression. Sum
of rank distances, including the propensity
score, were used to calculate the distance
between the groups. Pairwise tests were
used for all matched data.

RESULTS

Subject characteristics
For the primary analysis of 354 T2DM15–30

and 470 T1DM15–30 patients, the age of di-
abetes onset was 25.6 6 3.7 and 22.0 6
4.3 years (P, 0.01), respectively, and du-
ration of diabetes was 11.6 vs. 14.7 years
(P = 0.001), respectively. There was an
excess of males found in both groups, par-
ticularly in the T1DM15–30 cohort (50.6
vs. 60.0%, P = 0.007). Patients in the
T1DM15–30 group were mainly of Anglo-
Celtic background (77.8%), and by con-
trast, the T2DM15–30 group was of a more
multiethnic background (28.1% Anglo-
Celtic) (Table 1). Within 5 years of diagno-
sis, the majority of T2DM15–30 subjects
were treatedwith diet or oral hypoglycemic
agents, and only 7% were being treated
with insulin alone. With relevance to the
concern of excess myocardial infarction in
patients treated with rosiglitazone, only
one subject had been treated with this
agent. The T2DM15–30 group had a
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significantly higher BMI; however, both
groups were in the overweight to obese
range (32.2 6 7.6 vs. 25.6 6 4.5 kg/m2

for T2DM15–30 and T1DM15–30, respec-
tively, P , 0.0001). There were no signif-
icant differences in the calendar year of
diagnosis between the two study groups
(P = 0.09), excluding a significant cohort
effect. Of note, the updated HbA1c as a
measure of glycemic exposure was similar
between the groups (8.16 1.6% for both,
P = 0.9).

Cardiovascular risk factors
For the primary analysis, at the final clinical
visit, less favorable cardiovascular risk fac-
tors were found in the T2DM cohort, with
significantly higher levels of serum triglyc-
eride levels, lower HDL levels, higher BP
readings, and higher use of antihyperten-
sive and statin treatment (Table 1). With

respect to mortality, smoking prevalence
was not different between the two cohorts.
To explore whether these adverse risk fac-
tors were present early in the disease pro-
cess, we examined clinical data within 2–5
years of diagnosis. Clinical data were avail-
able for 92 T2DM15–30 subjects and 148
T1DM15–30 subjects (Table 2). Again, we
found that the presence of cardiovascular
disease (CVD) risk factors, such as BMI,
albuminuria, dyslipidemia, systolic and
diastolic BP, were significantly more un-
favorable in the T2DM15–30 group (P ,
0.02 for all). There is already a high prev-
alence of abnormal albuminuria present at
this early stage in T2DM15–30 patients (39
vs. 7.9%, P = 0.001). These less favorable
risk factor profiles were found early in the
disease (average age of 29 years) before
any clinical evidence of macrovascular
complications (Table 2).

Diabetes complications
Data comparing the prevalence of diabe-
tes complications are presented in Table
1. Despite a statistically shorter duration
of diabetes and remarkably similar glyce-
mic exposure, there was a significant ex-
cess of complications in the T2DM15–30

cohort. Specifically, the ACR, prevalence of
abnormal albuminuria, and biothesiometer
Z scores were significantly increased (P,
0.0001 for all indices). However, there
were no differences found between the
groups with regard to the prevalence of
retinopathy or renal function assessed by
eGFR. A marked excess of macrovascular
disease was found in the T2DM15–30 co-
hort, with a higher prevalence of ischemic
heart disease (12.6 vs. 2.5%, P, 0.0001),
stroke (4.3 vs. 0.7%, P = 0.002), and the
composite end point of anymacrovascular
disease (14.4 vs. 5.7%, P, 0.0001). Find-
ings are similar for the matched cohorts,
where duration of diabetes is similar (Sup-
plementary Table 1).

Logistic regression analyses based on
data from all available T1DM patients (n =
870) and young T2DM subjects (n = 354)
showed a significant independent rela-
tionship between a diagnosis of T2DM
and the presence of macrovascular disease
(odds ratio 5.4 [95% CI 2.7–10.5], P ,
0.0001). Other significant independent
variables were diabetes duration, albu-
minuria, male sex, and smoking history.
Ethnicity was not a significant variable.

Survival analyses
After a similar median observation period
of.20 years for both groups (21.4 [14.0–
30.7] vs. 23.4 [15.7–32.4] years for
T2DM15–30 and T1DM15–30, respectively,
P = 0.002), altogether, 71 of 824 patients
(8.6%) died. A significant excess case fa-
tality rate of 39 deaths in 354 T2DM15–30

subjects (11%) compared with 32 deaths
in 470 T1DM15–30 patients (6.8%) was
noted (P = 0.03). Deaths in the T2DM15–30

cohort occurred after a significantly shorter
disease duration (26.9 [18.1–36.0] vs. 36.5
[24.4–45.4] years, P = 0.01), and subjects
died at a relatively young age in both
groups (52.96 14.7 and 57.46 12 years
for T2DM15–30 and T1DM15–30, respec-
tively). The Kaplan-Meier analysis shows
that cumulative survival was decreased
for a given diabetes duration in the
T2DM15–30 compared with the T1DM15–30

cohort (Fig. 1A), with separation of the
survival curves appearing after ;15 years
of diabetes duration. The hazard ratio
(HR) for death was increased significantly
in the T2DM15–30 cohort to 2.0 (95% CI

Table 1dComplications status and risk factor profile at last clinical visit for study cohorts

T2DM15–30 T1DM15–30 P value

n 354 470
Age (years) 40.4 6 12.5 38.9 6 10.9 0.07
Duration of diabetes (years) 11.6 (4.5–22.6) 14.7 (8.2–23.6) 0.001
Year of diagnosis (range) 1942–2011 1948–2010 0.09
Ethnicity
Anglo-Celtic 97 (28.1) 358 (77.8) ,0.0001
Mediterranean 12.8 11.1
Arab 6.4 2.0
Southeast Asian 15.4 1.5
East Asian 8.7 1.5
Aborigine 13.6 1.5
Islander 2.6 0.4
Other 12.5 4.1

BMI (kg/m2) 32.2 6 7.6 25.6 6 4.5 ,0.0001
eGFR 98 6 39 93 6 30 0.09
Retinopathy 131 (37) 192 (41) 0.3
Albuminuria 137 (47.4) 58 (15.3) ,0.0001
ACR (mg/mmol) 2.2 (0.8–12.8) 0.7 (0.4–1.6) ,0.0001
VPT Z score 2.3 6 1.3 1.8 6 1.3 ,0.0001
Stroke 13 (4.3) 3 (0.7) 0.002
Ischemic heart disease 38 (12.6) 10 (2.5) ,0.0001
Any macrovascular disease 46 (14.4) 25 (5.7) ,0.0001
Updated HbA1c (%) 8.1 6 1.6 8.1 6 1.6 0.9
Antihypertensive treatment 148 (49.3) 96 (24.6) ,0.0001
Systolic BP (mmHg) 126 6 17 122 6 16 0.003
Diastolic BP (mmHg) 78 6 10 74 6 9 ,0.0001
Statin treatment 114 (38.3) 81 (21.0) ,0.0001
Cholesterol (mmol/L) 5.2 6 1.5 4.9 6 1.1 0.0008
Triglycerides (mmol/L) 1.9 (1.3–3.0) 1.0 (0.7–1.4) ,0.0001
HDL (mmol/L) 1.2 6 0.4 1.5 6 0.5 ,0.0001
LDL (mmol/L) 3.0 6 1.1 2.7 6 0.9 0.06
Ever smoked 126 (39) 189 (45) 0.1
Pack-year 12 (6–22) 11 (7–20) 0.1

Data are mean 6 SD, median (interquartile range), n (%), or %. VPT, vibration perception threshold.
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1.2–3.2, P = 0.003) compared with the
T1DM matched cohort. Because ethnicity
varied significantly between the two
groups, we also examined outcomes for
the Anglo-Celtic groups only (n = 97 for
T2DM15–30, n = 358 for T1DM15–30). This
analysis still showed that the more unfa-
vorable risk factors and a higher mortality
rate were seen in the T2DM15–30 cohort
(18.6 vs. 7.5%, P = 0.001), and Kaplan-
Meier analysis showed that survival was
also reduced in this group (Supplemen-
tary Fig. 1).

This excess risk for death in T2DM15–30

subjects was still seen when the cohort was
compared with the larger unmatched
T1DM population diagnosed at,30 years
of age (n = 870), yielding an HR of 2.7
(95% CI 1.6–4.4, P = 0.0001) (Fig. 1B).
Additionally, Cox regression analysis of
this larger cohort showed a significantly
increased risk of death for the T2DM15–30

cohort (2.1 [1.1–3.8], P = 0.02) together
with an independent impact of diastolic
BP (1.06 [1.03–1.09], P = 0.0002) and
albuminuria (2.0 [1.1–3.7], P = 0.03) on
mortality.

The predominant primary causes of
death were cardiovascular (ICD-10 code
I11-I80) for both cohorts, but there was a
notable excess of cardiovascular deaths
in the T2DM15–30 cohort (50.0 vs. 30.3%,
P, 0.053) (Fig. 2). Kaplan-Meier survival
analysis for vascular mortality showed for
both cohorts that the first vascular deaths
occurred in the third decade of life, with
an increased HR for vascular death for
the T2DM15–30 cohort of 3.5 (1.4–8.5,

P = 0.004). Self-harm, ketoacidosis, and
accidents were not listed as a major cause
of death for this cohort. Causes of death
are listed in Supplementary Table 2.

CONCLUSIONSdThis analysis of
systematically collected data provides a
unique opportunity to examine the future
burden of a disease that, until recently,
has been a relatively rare phenomenon.
Such information on mortality and long-
term complications will require several
decades of observation to examine pro-
spectively, underscoring the value of the
data. We found that case fatality is in-
creased twofold in young-onset T2DM
compared with T1DM of a similar age and
duration. This increased death rate is
driven primarily by cardiovascular deaths
occurring in the prime of life, and these
results give substance to the notion that
young-onset T2DM is an aggressive dis-
ease, even more so than T1DM. Because
T1DM itself carries an increased mortality
risk, with standardized mortality ratios in
the order of 4 (14,15) compared with the
general population, the present findings
give a disquieting perspective on the long-
termmortality risk of T2DM15–30 and a so-
bering glimpse of the future for patients,
such as those in the TODAY study cohort.

In recognition of the paucity of data
on survival in young-onset T2DM and
that it will take decades from this point to
understand the long-term mortality risk,
Rhodes et al. (16) used a Markov model-
ing approach to project survival outcomes
in this group, predicting that these

patients lose ;15 years from an average
remaining life expectancy compared with
the average 20-year-old. Only a few pre-
vious studies have looked at comparative
mortality in T1DM and T2DM onset in
patients ,30 years of age. In a Swedish
study of patients with diabetes aged
15–34 years comparedwith a general pop-
ulation, the standardized mortality ratio
was higher for the T2DM than for the
T1DM cohort (2.9 vs. 1.8) (17). A study
of mortality in a multiethnic, low-income
population with diabetes onset before age
30 found that the excess mortality was
greatest for the insulin-treated cohort, but
the investigators were unable to differenti-
ate between T1DM and T2DM requiring
insulin therapy (18). Recently, Dart et al.
(19) examined survival in youth aged 1–18
years with T2DM versus T1DM. Kaplan-
Meier analysis revealed a statistically signif-
icant lower survival probability for the
youth with T2DM, although the number
at risk was low after 10 year’s duration.
Taken together, these findings are in keep-
ing with the present observations and are
supportive evidence for a higher mortality
in young-onset T2DM than in T1DM.

The majority of deaths appear to be
from cardiovascular causes and signifi-
cantly more so for young T2DM. This
would be predicted from the higher prev-
alence of macrovascular disease in the
T2DM15–30 cohort seen during the last
follow-up period. Indeed, other studies
have predicted this outcome, with surro-
gate measures of arterial stiffness found to
be higher in young T2DM patients than in
T1DM patients (20). However, with the
results of the present study, we now have
confirmatory evidence of more concrete
outcomes of clinically apparent vascular
disease and death. The presence of less
favorable cardiovascular risk factors and
higher prevalence of macrovascular dis-
ease evident in the T2DM15–30 cohort
is a contributing factor in the survival out-
comes. These more adverse risk factors
seen at the last visit were also evident
even as early as 2–5 years from diagnosis.
The constellation of higher BMI, diabetic
dyslipidemia, BP, and urine ACR, all seen
in the 20-year age-group, is alarming, par-
ticularly in the context of the patients’
youth. Others too have found a high in-
cidence of cardiovascular risk factors,
including microalbuminuria in young-
onset T2DM,particularly in some ethnicities
such as Maori, Pima, Japanese, Hispanic,
and African American populations (21–
24). Most recently, Dart et al. (19) exam-
ined renal outcomes in young-onset

Table 2dCardiovascular risk factors present after 2–5 years of known diabetes

T2DM T1DM P value

n 92 148
Age (years) 29.4 6 3.4 27.5 6 3.9 0.0004
Duration of diabetes (years) 3.9 (3.0–4.6) 4.0 (3.0–4.7) 0.4
Average year of diagnosis 1997 1999 0.006
BMI (kg/m2) 31.2 6 7.2 24.8 6 3.9 ,0.0001
eGFR 86.7 6 10.0 84.0 6 19.6 0.6
Albuminuria 39.0 7.9 0.001
ACR (mg/mmol) 1.5 (0.7–3.7) 0.6 (0.3–0.9) 0.0004
Systolic BP (mmHg) 120 6 15 115 6 13 0.02
Diastolic BP (mmHg) 78 6 10 73 6 9 0.0001
Antihypertensive treatment 17.0 5.3 0.03
Statin treatment 17.0 5.3 0.03
Cholesterol (mmol/L) 5.4 6 1.2 4.7 6 0.9 0.0005
Triglycerides (mmol/L) 2.3 (1.5–3.6) 0.9 (0.7–1.3) ,0.0001
HDL (mmol/L) 1.1 6 0.3 1.6 6 0.6 ,0.0001
Ever smoked 25.0 34.5 0.1
Pack-year 8 (5–14) 10 (7–11) 0.9

Data are mean 6 SD, median (interquartile range), or %.
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T2DM subjects compared with T1DM and
normal control subjects and found a high
burden of kidney disease and a fourfold
risk of renal failure over T1DM subjects.

The observation of less favorable neu-
ropathy scores in the T2DM cohort is a
novel finding. Dyslipidemia has been
implicated in the pathogenesis of diabetic

neuropathy, and it is possible that less
favorable lipid profiles in the T2DM15–30

cohort are contributory (20). In contrast
to albuminuria, the prevalence of retino-
pathy is very similar for T1DM and
T2DM. Perhaps for the retinal vascula-
ture, glycemia is the main contributor to
the development of retinopathy, whereas

in the kidney, obesity and hypertension de-
monstrably present early in the genesis of
young-onset T2DM have a much greater
impact on the development of albuminuria
in concert with other CVD risk factors.

The evidence presented underscores
that metabolic syndrome features are a
frequent and early accompaniment in
young-onset T2DM and that common
factors may be involved in their patho-
genesis. The higher prevalence of macro-
vascular disease in the present patients
with T2DM was evident despite a shorter
or equivalent duration of disease and gly-
cemic exposure. The implication of this ob-
servation is that control of glycemia alone
at an early stage would not be enough to
attenuate the excess vascular risk in early
onset T2DM. Although the uptake of
established CVD-protective therapies,
such as ACE inhibitor/angiotensin recep-
tor blocker and statin use is higher in the
present T2DM15–30 cohort than in the
T1DM15–30 cohort, the overall use of these
therapies is low given the abnormalities
that already exist. It is important to note
that CVD risk reduction is largely dictated
by results derived from adult populations.
For example, in most statin intervention
trials, the lower age entry criterion is 40
years. It is assumed that pharmaceuticals
such as statins and ACE inhibitors/angio-
tensin receptor blockers have equivalent
benefits in this younger age group because
larger intervention trials have not system-
atically included such young patients with
either type of diabetes. However, assum-
ing that such treatments are efficacious in
youth, there are issues regarding teratoge-
nicity during childbearing years. Further-
more, in Australia, age is an arbiter for
which patients are eligible for a national
subsidy of pharmaceuticals such as statins,
with older age-groups given priority pref-
erence because of their higher absolute risk.
Such barriers add to the treatment gap and
residual risk in young-onset T2DMpatients
that need to be addressed more fully.

One of the strengths of this study is
the long duration of observation, allowing
sufficient events to have accumulated for
overall mortality and complications risk
to be evaluated. In this context, the study
provides a robust platform on which to
compare outcomes that have been sys-
tematically collated. However, several
limitations should be discussed. The sub-
jects were referred to a diabetes center in a
large metropolitan teaching hospital. It is
possible that only severe cases of T2DM
with high cardiovascular riskwere referred,
resulting in a selection bias toward less

Figure 1dA: Kaplan-Meier survival curve for T2DM15–30 (n = 357) and T1DM15–30 (n = 470)
patients. B: Kaplan-Meier survival curve for T2DM15–30 and all T1DM (age of onset,30 years)
(n = 870) patients.
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favorable outcomes in T2DM patients.
Although this could be a confounder, we
are reassured by studies that have screened
for T2DM in youth in the community that
also reported similar risk profiles of obe-
sity, hypertension, and albuminuria, thus
arguing against a selection bias as a signif-
icant contributor to the present findings
(25). Differences in ethnicity and socio-
economic factors could account for poorer
outcomes for the T2DM patients in this
study. However, access to care for our
services in a public hospital is free, so
any impact of socioeconomic status result-
ing in a financial barrier to health care
would be minimized. Although differen-
ces in complications risk may cosegregate
with ethnicity, ethnicity was not a signifi-
cant independent risk factor for either
macrovascular complications or earlier
mortality. Of note, even when only Anglo-
Celtic groups are compared, T2DM patients
still fared worse than their T1DM counter-
parts. Male sex often is associated with a
higher mortality; however, in this study,
the slight excess of males is seen in the
T1DM cohort and, therefore, unlikely to
have negatively biased the results. Al-
though the age of onset of T1DM diabetes
is usually in little doubt because of a more
abrupt presentation, it is possible that the
age of onset of T2DM was in fact earlier

than recognized. With a previously pub-
lished method for estimating time delay
until diagnosis of T2DM (26) by plotting
the prevalence of retinopathy against du-
ration and extrapolating to a point of zero
retinopathy, we found that there is no dif-
ference in the slope and intercept of this
relationship between the T2DM and the
T1DM cohorts (Supplementary Fig. 2).
These data are reassuring in that delay in
diagnosis is unlikely to be an explanation
for the differences in observed outcome.
Moreover, the survival analysis that used
as a comparator an unmatched cohort of
870 T1DM patients who as a group had an
earlier onset of diabetes still showed an
excess mortality in those with T2DM. Be-
cause of the long time span over which the
data were collected, many of the patients
studied did not have autoantibodies mea-
sured. However, we are reassured by the
low prevalence of early insulin use in the
young-onset T2DMcohort, so any possible
misclassification bias would be expected
to be low. Finally, causes of death are de-
rived from death certificates, which have
recognized inaccuracies applicable to
both types of diabetes.

In conclusion, this study highlights
young-onset T2DM as a high-risk pheno-
type requiring intensive intervention di-
rected not only toward the treatment of

glycemia, but also toward cardiovascular
risk factors that often are concurrent early
in the course of diabetes. From the CVD
risk management point of view, strategies
for this patient group cannot necessarily
be extrapolated from the adult situation.
Therefore, the benefits, optimal timing,
and mode of delivery of risk-lowering
interventions in this high-risk group re-
main to be determined, with teratogenic
risk a significant consideration. Addition-
ally, given the severity of the young-onset
T2DM phenotype and in the context of
burgeoning numbers, if today we are to
protect against tomorrow’s outcomes as
predicted by this study, there is an urgent
need for efforts to be redoubled toward
diabetes prevention targeted to youth.
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