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OBJECTIVEdWe assessed the utility of the Diabetes Prevention Trial–Type 1 Risk Score
(DPTRS) for identifying individuals who are highly likely to progress to type 1 diabetes (T1D)
within 2 years.

RESEARCH DESIGN AND METHODSdThe DPTRS was previously developed from
Diabetes Prevention Trial–Type 1 (DPT-1) data and was subsequently validated in the TrialNet
Natural History Study (TNNHS). DPTRS components included C-peptide and glucose indexes
from oral glucose tolerance testing, along with age and BMI. The cumulative incidence of T1D
was determined after DPTRS thresholds were first exceeded and after the first occurrences of
glucose abnormalities.

RESULTSdThe 2-year risks after the 9.00 DPTRS threshold was exceeded were 0.88 and 0.77
in DPT-1 (n = 90) and the TNNHS (n = 69), respectively. In DPT-1, the 2-year risks were much
lower after dysglycemia first occurred (0.37; n = 306) and after a 2-h glucose value between 190
and 199 mg/dL was first reached (0.64; n = 59). Among those who developed T1D in DPT-1, the
9.00 threshold was exceeded 0.81 6 0.53 years prior to the conventional diagnosis. Post-
challenge C-peptide levels were substantially higher (P = 0.001 for 30 min; P, 0.001 for other
time points) when the 9.00 threshold was first exceeded compared with the levels at diagnosis.

CONCLUSIONSdA DPTRS threshold of 9.00 identifies individuals who are very highly
likely to progress to the conventional diagnosis of T1D within 2 years and, thus, are essentially
in a preclinical diabetic state. The 9.00 threshold is exceeded well before diagnosis, when stim-
ulated C-peptide levels are substantially higher.
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Current diagnostic glucose thresholds
for clinical type 1 diabetes (T1D) are
based on the levels at which diabetes

complications begin to occur; moreover,
they are the same for type 2 diabetes (1).
Yet it is known that the pathogenetic de-
velopment of T1D begins well before those

thresholds are reached. Pancreatic autoan-
tibodies are commonly present a number
of years before diagnosis (2–4). In addition,
glucose, insulin, and C-peptide abnormal-
ities are commonly present years before di-
agnosis (5–8). However, as yet, there has
not been a means to identify individuals

who will almost certainly be diagnosed
within a few years.

A risk score (DPTRS) for T1D has
been developed from Diabetes Prevention
Trial–Type 1 (DPT-1) participants, all
islet cell autoantibody positive, which
utilizes oral glucose tolerance test (OGTT)
glucose and C-peptide values, age, and
BMI (9). The DPTRS was subsequently
validated in the TrialNet Natural History
Study (TNNHS), a separate cohort of
biochemical autoantibody-positive indi-
viduals (10).

The strong prediction accuracy of the
DPTRS suggested the possibility that it
could be used to detect a preclinical state
prior to the diagnosis of T1D. Thus, in
both the DPT-1 and TNNHS cohorts, we
have sought to detect a DPTRS threshold
that might identify individuals at a suffi-
ciently high 2-year risk for T1D to warrant
the characterization of their being in a pre-
clinical state. In addition, we have assessed
the metabolic status of those individuals
when such a threshold was exceeded.

RESEARCH DESIGN AND
METHODSdThe DPT-1 and TNNHS
cohorts have been previously described
(5,6). They both consisted of autoantibody-
positive relatives of T1Dpatients. However,
whereas the DPT-1 participants were
all islet cell autoantibody positive, the
TNNHS participants were all positive for
at least one biochemical autoantibody
(GADA, IA-2A, mIAA). Both DPT-1 and
the TNNHS were approved by institu-
tional review boards, and written in-
formed consent was obtained for both
studies.

Procedures
In bothDPT-1 and the TNNHS, 2-hOGTTs
were performed at 6-month intervals. Oral
glucose was administered after fasting
samples were obtained (1.75 g/kg; maxi-
mum, 75 g carbohydrate). Glucose sam-
ples were then obtained at 30, 60, 90,
and 120 min. A diabetic range OGTT (by
American Diabetes Association criteria)
was followed by a confirmatory OGTT
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unless the clinical presentation (symp-
tomatic or marked hyperglycemia) was in-
dicative of the diagnosis. If an OGTT was
not confirmed, participants were then fol-
lowed in the routine manner. Diagnoses
could also be made between visits accord-
ing to clinical criteria.

Laboratory measures
The glucose oxidase method was used for
plasma glucose measurements. A radioim-
munoassay was used to measure C-peptide
in DPT-1. If fasting C-peptide values were
in the undetectable range (,0.2 ng/mL),
they were assigned a value of 0.1 ng/mL.
The methodologies for assessing autoanti-
body positivity in DPT-1 have been de-
scribed (11); those same methodologies
were used in the TNNHS.

Data analysis
Thedevelopment of theDPTRS fromDPT-1
data (9) and its validation in the TNNHS
(10) has been described previously. In
brief, the DPTRS is based on a propor-
tional hazards model. The components of
the DPTRS are age, log BMI, log fasting
C-peptide, and the glucose and C-peptide
sums of 30-, 60-, 90-, and 120-min values
from OGTTs. Dysglycemia was defined by
any of the following: fasting glucose 110–
125 mg/dL; 30-, 60-, or 90-min glucose
$200 mg/dL; 120-min glucose 140–199
mg/dL. Follow-up was calculated from
whenDPTRS thresholdswerefirst exceeded.
Some of the analyses were performed only
with DPT-1 data since the numbers of those
who exceeded thresholds during follow-
up were larger. If a BMI measurement

was not obtained at a visit, the measure-
ment obtained at the prior visit (if within 9
months) was used. Paired t tests were used
to examine differences. Proportional haz-
ards regression was used for risk predic-
tion. Kaplan-Meier curves were calculated
to describe the occurrence of T1D. Analyses
were performed with the SAS 9.1.3 and
SAS 9.2 versions. P values are two-sided,
and P , 0.05 was considered statistically
significant.

RESULTSdThe mean6 SD ages of the
674 DPT-1 and 1,202 TNNHS partici-
pants from whom the analyses were de-
rived were 13.8 6 9.5 and 18.3 6 13.4
years, respectively.

There were 7 (1.0%) participants in
DPT-1 and 14 (1.2%) in the TNNHS who
had already exceeded the 9.00 DPTRS
threshold at baseline and were therefore
excluded from further analysis. Figure 1
shows cumulative incidence curves after
the 9.00 threshold was first exceeded in
DPT-1 (T1D/Total = 78/90) and the
TNNHS (T1D/Total = 40/69). The curves
were similar with 2-year risk estimates of
0.88 (95% CI 0.79–0.94) for DPT-1 and
0.77 (0.63–0.99) for the TNNHS. Only 3
of those not diagnosed in DPT-1 and 1 of
those not diagnosed in the TNNHS were
followed for .3.0 years. The 2-year esti-
mates after the 8.75 DPTRS threshold was
first exceeded were 0.82 (0.74–0.89) in
DPT-1 (n = 115) and 0.70 (0.56–0.83)
in the TNNHS (n = 75).When a threshold
of 8.00 was exceeded, the 2-year esti-
mates were lower but still .0.50 in both
cohorts (0.73 [0.65–0.80] in DPT-1 and

0.54 [0.43–0.66] in the TNNHS). The
numbers exceeding that threshold were
appreciably greater (n = 173 in DPT-1 and
n = 114 in the TNNHS) than the numbers
exceeding the higher thresholds.

Figure 2 shows cumulative incidence
curves of DPT-1 participants after dysgly-
cemia first occurred (n = 306) and after a
2-h glucose value between 190 and 199
mg/dL was first reached (n = 59). (That
interval was chosen to identify individu-
als with marked postchallenge hypergly-
cemia.) The curve after exceeding the
9.00 threshold is again shown for com-
parison. The cumulative incidence was
much higher after exceeding the 9.00
DPTRS threshold (2-year risk 0.88 [95%
CI 0.79–0.94]; n = 90) than the cumu-
lative incidence after dysglycemia first
occurred (2-year risk 0.37 [0.31–0.44];
n = 306). The cumulative incidence was
also substantially higher after exceeding
the 9.00 threshold than after a 190–199
mg/dL 2-h value was reached (2-year risk
0.64 [0.53–0.80]; n = 59). The 2-year risk
for the 9.00 threshold was still appreciably
higher (0.80 [0.67–0.89]; n = 59) even
with the exclusion of those who had ex-
ceeded that threshold with diabetic range
OGTTs that were not confirmed by a sec-
ond OGTT.

Among the 44 participants with com-
plete OGTTs at diagnosis, the 9.00 DPTRS
threshold was first exceeded 0.81 6 0.53
years earlier than at diagnosis (P, 0.001).
Figure 3 shows C-peptide levels according
to the time the 9.00 threshold was first
exceeded and at diagnosis for those indi-
viduals. All postchallenge C-peptide levels
were substantially higher (P = 0.001 for 30
min; P , 0.001 for other time points)
when the 9.00 DPTRS threshold was first
exceeded compared with the levels at di-
agnosis. Fasting C-peptide values were
similar.

CONCLUSIONSdThe data in this re-
port strongly suggest that a selected
DPTRS threshold can be used as a marker
that is firmly indicative of a preclinical
state. In both the DPT-1 and TNNHS
cohorts, those who exceeded the 9.00
threshold had a very high likelihood of
progressing to T1D within 2 years. They
were identified on average .9 months
before the standard diagnosis, when stim-
ulated C-peptide levels were considerably
higher.

Togainperspective, the riskofT1Dafter
the 9.00 DPTRS threshold was exceeded
was compared with the risk of T1D after
dysglycemiafirst occurred. Dysglycemia has

Figure 1dCumulative incidence curves after the 9.00 DPTRS threshold was first exceeded in
DPT-1 and the TNNHS. The occurrence of T1D was substantial in both cohorts, and the curves
were similar.
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been used to identify individuals at high
risk for T1D (5). The substantially higher
risk after exceeding the 9.00 threshold
emphasizes the magnitude of the risk
for individuals above that threshold.

OGTT surveillance was a key factor
for identifying those at very high risk for
T1D. Many more were found to be above
the 9.00 threshold during follow-up than
at baseline. (The number that exceeded
the 9.00 threshold is almost certainly an
underestimation since missing BMI val-
ues on certain visits precluded the calcu-
lation of theDPTRS.) Thus, throughOGTT
surveillance, DPTRS thresholds identify
individuals who are at very high risk before
they develop clinical signs and symptoms.

Since it would not be feasible to perform
OGTT surveillance on large numbers of
individuals, the use of DPTRS thresh-
olds for the detection of a preclinical
T1D state is applicable to only higher-
risk populations that might warrant such
surveillance (e.g., those positive for auto-
antibodies).

DPTRS thresholds have potential util-
ity as entry criteria for prevention trials
of very high-risk individuals. C-peptide
levels would be much higher in those indi-
viduals than in those entered into new-onset
trials (12–14). Importantly, the identifica-
tion of individuals at very high short-term
risk would affect the risk-benefit consider-
ations for children in prevention trials.

Alternatively, a high DPTRS threshold
could be used in T1D prevention trials
for interim analyses or as an end point
that is adjunctive to the current diagnostic
criteria. Our use of the term preclinical type
1 diabetes stems from the very high risk of a
subsequent diagnosis of T1D for those ex-
ceeding the 9.00 threshold. Although T1D
might not necessarily be an inevitable out-
come in these individuals, the risk is so
high that it is reasonable to view them as
being in a prediabetic state.

T1D predictors have been reported in
several studies (9,10,15–18). However,
although individuals could be character-
ized as being at high risk, studies have not
identified such individuals within a time
frame of 2 years. The specificDPTRS thresh-
old that might be used for the detection of
preclinical T1D depends on the desired
degree of certainty of an ultimate diagno-
sis. More individuals would be identified
by a lower threshold, but the 9.00 thresh-
old provides more assurance that T1D will
occur over a short interval. This was evident
in the data presented for the 8.75 and the
8.00 thresholds. Although we have conser-
vatively chosen the 9.00 threshold to
define a preclinical T1D state, it is arguable
that lower thresholds couldbe used. Inboth
DPT-1 and the TNNHS, even the 8.00
threshold identified individuals at substan-
tially higher risk than those who developed
dysglycemia in DPT-1. The ultimate choice
of a threshold would be dependent upon
the particular research needs and objectives.

The higher postchallenge C-peptide
values at the time the 9.00 threshold was
exceeded are consistent with our prior
DPT-1 findings (7,8) in which values fell
markedly from 6months before diagnosis
to diagnosis. This could very possibly be
indicative of a loss of b-cell function.
Since the 9.00 threshold was exceeded
an average of.9 months before diagnosis,
the lower C-peptide values at diagnosis
would be expected.

The glucose criteria for T1D used in
this report have been the “gold standard”
for years. Those criteria were based on the
rationale of defining a threshold accord-
ing to the occurrence of complications
(1). The possibility of preserving b-cell
function provides an alternative rationale
for identifying T1D at an earlier stage of its
development. The persistence of C-peptide
in Diabetes Control and Complications
Trial participants was associated with a de-
creased risk of complications (19,20). The
substantially higher C-peptide levels at the
time the 9.00 threshold was first exceeded
suggest that itwould bemore advantageous

Figure 2dCumulative incidence curves after the 9.00 DPTRS threshold was first exceeded, after
dysglycemia first occurred, and after the 2-h glucose value between 190 and 199 mg/dL was first
reached in theDPT-1 participants. The cumulative incidence for the 9.00 threshold wasmuch greater
than that for dysglycemia and even appreciably higher than that for the 190–199 mg/dL 2-h glucose.

Figure 3dPaired comparisons between C-peptide levels when the 9.00 DPTRS threshold was
first exceeded and C-peptide levels at diagnosis in the DPT-1 participants. C-peptide levels were
higher at all postchallenge time points.
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to intervene in that preclinical diabetic state
than at diagnosis. Although no treatment is
known to preserve insulin secretion before
diagnosis, the efficacy of treatments in new-
onset patients (12–14) indicates that this
is a distinct possibility.

In conclusion, this study shows that it is
now possible to identify individuals who are
in a state of preclinical T1D, when C-peptide
levels are appreciably higher. It appears
that a 9.00 DPTRS threshold can be used
for this purpose in autoantibody-positive
populations.
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