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Abstract

Background: Children with positive islet autoantibodies monitored prospectively avoid metabolic decom-
pensation at type 1 diabetes (T1D) diagnosis. However, the effects of early diagnosis and treatment on pres-
ervation of insulin secretion and long-term metabolic control are unknown. We compared characteristics of
children detected through research screening (Diabetes Autoimmunity Study in the Young [DAISY]) versus
community controls at baseline and, in a subset, 6- and 12-month metabolic outcomes.
Materials and Methods: This was a case-control study comparing DAISY children with T1D to children
diagnosed in the general community. All participants underwent mixed-meal tolerance testing; a subset wore a
continuous glucose monitoring (CGM) device. Fasting and stimulated C-peptide levels, insulin dose-adjusted
hemoglobin A1c (IDAA1c), and CGM variables were compared.
Results: Children (21 DAISY, 21 community) were enrolled and matched by age, time of diagnosis, and
diabetes duration; 18 were enrolled within 2 months and 24 within 2.5 years on average from diagnosis. In the
overall group and the subgroup of participants enrolled 2.5 years from diagnosis, there were no IDAA1c or C-
peptide differences between DAISY versus community children. The subgroup of DAISY versus community
children enrolled near diagnosis, however, had lower baseline hemoglobin A1c (6.5 – 1.4% vs. 9.2 – 2.9%;
P = 0.0007) and IDAA1c (7.4 – 2.1% vs. 11.2 – 3.5%; P = 0.04) and higher stimulated C-peptide (2.5 – 0.5 vs.
1.6 – 0.2 ng/mL; P = 0.02). In this subgroup, IDAA1c differences persisted at 6 months but not at 1 year. CGM
analyses revealed lower minimum overnight glycemia in community children (72 vs. 119 mg/dL; P = 0.01).
Conclusions: Favorable patterns of IDAA1c and C-peptide seen in research-screened versus community-
diagnosed children with T1D within 2 months of diagnosis are no longer apparent 1 year from diagnosis.

Introduction

Type 1 diabetes (T1D) is a chronic autoimmune disease
characterized by a preclinical period identifiable by

the presence of diabetes-associated autoantibodies to insulin,
65-kDa glutamic acid decarboxylase (GAD), islet antigen-2
(IA-2), and zinc transporter isoform 8 (ZnT8).1 Prospective

studies such as the Diabetes Autoimmunity Study in the
Young (DAISY), BABYDIAB, the Finnish Type 1 Diabetes
Prediction and Prevention (DIPP) study, The Environmental
Determinants of Diabetes in the Young (TEDDY), and
TrialNet have shown that positive autoantibodies identify
children at a very high risk for the development of T1D,1–3

especially when two or more antibodies are present.4 Our
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group has previously demonstrated that children diagnosed
through DAISY have a lower hemoglobin A1c (HbA1c) level
at onset and through the first month of therapy, a lower insulin
dose through the first year of therapy, and decreased hospi-
talization rates for diabetic ketoacidosis compared with pa-
tients diagnosed in the general community.5

C-peptide is a marker of the pancreas’s native ability to
produce insulin. In the Diabetes Prevention Trial-Type 1
(DPT-1), C-peptide levels were higher in those diagnosed by
surveillance compared with those in the general community,6

although data are only available up to 3 months following
diagnosis. The Diabetes Complications and Control Trial
(DCCT) found that patients with sustained C-peptide pro-
duction have lower HbA1c levels and lower rates of hypo-
glycemia, microalbuminuria, and retinopathy.7–9

Rates of C-peptide decline described in the literature are
variable. Most data are derived from the control arms of in-
tervention trials, and considerable heterogeneity among in-
dividual patients has been reported, with ranges from 0% to
58% decline in stimulated C-peptide levels during the first
year after diagnosis.10 The duration of C-peptide persistence
is variable as well, and one report described evidence of re-
sidual b-cell function up to 50 years after diagnosis.10 The
Type 1 Diabetes TrialNet Study Group found that 93% of
individuals have detectable C-peptide at least 2 years from
diagnosis; however, the study subjects in that report had a
mean HbA1c level of 6.5% (48 mmol/mol) on entry and 7.6%
(60 mmol/mol) at 2 years and may not reflect the natural
history of C-peptide change in the general T1D population.11

The DCCT found that half of the patients screened for the
trial up to 5 years from diagnosis had detectable stimulated C-
peptide levels.12 Whether or not early detection and treatment
of diabetes through surveillance studies preserve b-cell
function compared with individuals diagnosed in the general
community is unknown.

This study was designed to follow a group of DAISY
children diagnosed with T1D to test the hypothesis that ear-
lier detection and treatment are associated with prolonged
C-peptide production. We hypothesized that screening for
diabetes and early treatment would result in higher C-peptide
levels at diagnosis and slower C-peptide decline over time,
which will be associated with better glycemic control and
lower glycemic variability in the early years after diagnosis.

Materials and Methods

Study population and design

This is a case-control study where children diagnosed with
T1D through the prospective DAISY study are compared
with patients diagnosed with T1D from the general com-
munity and followed at the Barbara Davis Center for Child-
hood Diabetes in Aurora, CO. DAISY has been following
2,547 children at high risk for T1D, including 1,424 general
population children with susceptibility human leukocyte
antigen (HLA) genes for T1D and 1,123 children with a first-
degree relative with T1D. The details of screening and
follow-up in DAISY have been previously published.13

This substudy became available June 2010 to DAISY
participants diagnosed after July 2006. DAISY cases were
eligible if they had a DAISY follow-up visit within 1 year
prior to diagnosis of diabetes. At the time of this analysis, 31
DAISY participants had been diagnosed with T1D since July

2006 and were eligible for this substudy. For those who
agreed to participate, the first study visit occurred as soon as
possible after 1 month from diagnosis, when autoantibody
results are available and metabolic control is generally at-
tained. Those recruited around diagnosis are followed at 6
months, 12 months, and then annually until C-peptide is
undetectable. DAISY subjects within 4 years of T1D diag-
nosis when this study started in 2010 were also recruited as
soon as possible and followed a similar visit schedule (i.e., 6
months after diagnosis [if applicable] and then annually).
Fasting blood draws and stimulated C-peptide levels are
obtained at each visit. All participants were provided the
optional opportunity to wear a continuous glucose monitor-
ing (CGM) device for 7 days.

Children diagnosed with T1D from the general community
and seen at the Barbara Davis Center were informed of the
study and identified as eligible based on matching with the
DAISY cases on age (–1 year), time of diagnosis (–3
months), and duration of diabetes. Subjects diagnosed with
T1D in the community were eligible if they had at least one
positive islet autoantibody to insulin, GAD, IA-2, or ZnT8.
They followed the same visit schedule as described for
DAISY cases.

Diabetes was diagnosed according to American Diabetes
Association criteria (i.e., with symptoms of diabetes and
blood glucose level of ‡200 mg/dL, random plasma glucose
level of ‡200 mg/dL at least twice, or abnormalities on oral
glucose tolerance testing with fasting glucose level of
‡126 mg/dL and/or 2-h glucose level of ‡200 mg/dL at least
twice). The presence or absence of diabetes symptoms at
diagnosis (polyuria, polydipsia, nocturia, fatigue, weight
loss, and/or increased appetite) was noted by chart review.

Preservation of C-peptide over time is the primary out-
come. Secondary outcomes include changes in HbA1c, in-
sulin dose, insulin dose-adjusted HbA1c (IDAA1c), number
of blood glucose tests per day, and CGM variables. Partici-
pants are followed annually until C-peptide is undetectable.
This article reports characteristics from all subjects as well as
enrollment and 6- and 12-month follow-up data in the sub-
group enrolled shortly after diagnosis.

Informed consent was obtained from the parents of each
study subject. The Colorado Multiple Institutional Review
Board approved all study protocols.

Study visits

Participants were instructed to fast for 8 h prior to the study
visit. The mixed-meal tolerance test (MMTT) was conducted
only if the glucometer fasting glucose level was between 60
and 300 mg/dL and ketone levels were <0.6 mmol/L. Parti-
cipants were instructed to withhold short-acting insulin up to
4 h before the test. Participants on an insulin pump were in-
structed to continue their normal basal rate without bolusing
within 4 h before the test. A fasting blood sample was drawn
for measurement of HbA1c, glucose, C-peptide, and ketones.
The modified MMTT, which consists of a standardized liquid
meal (Boost� High Protein; Nestle Health Care Nutrition,
Inc., Florham Park, NJ), 6 mL/kg to a maximum of 360 mL,
was ingested within 5 min, and a blood sample for C-peptide
was collected at 60 min. HbA1c was measured in-house on the
DCA� 2000 Vantage analyzer (Siemens Medical Solutions,
Tarrytown, NY), a DCCT-aligned device, and C-peptide (in
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ng/mL) was measured by enzyme-linked immunosorbent
assay (Alpco, Salem, NH) in the Clinical Immunology Lab-
oratory at the Barbara Davis Center. Glucometer downloads
were assessed to determine the average number of blood
glucose tests performed daily.

CGM

Participants were asked to complete a 7-day period of
CGM immediately after the visit. For this study, the SEVEN
Plus� system (DexCom, San Diego, CA) CGM, which is
Food and Drug Administration approved for 7 days of use,
was used. A minimum of 72 h of CGM data was required for
inclusion of CGM data into the analysis.

Statistical analysis

Statistical analyses were performed using SAS software
version 9.2 (SAS Institute, Cary, NC). Because we have
matched case-control sets, we used paired analysis to eval-
uate differences in means and a matched v2 statistic to as-
sess for differences in proportions, with both approaches
allowing for correlation within matched case-control sets.
The Wilcoxon rank-sum test was used to test differences in
medians for skewed variables. IDAA1C, an alternate mea-
sure of residual b-cell function,14 was calculated as HbA1c
(%) + (4 · insulin dose [in units/kg/day]).

Participants enrolled 2 months from diagnosis were com-
pared separately from those enrolled an average of 2.6 – 1.5
years from diagnosis. Longitudinal data were available at 6
months and 12 months from diagnosis in the former group.
A mixed model was used for longitudinal analyses,15 with a
covariance structure accounting for correlation within the
matched pair and within individual across time (0, 6, or 12
months).

CGM data were analyzed for those participants who agreed
to wear a CGM device. The Wilcoxon–Mann–Whitney test
was used to determine if differences existed between DAISY
and community children at enrollment. To account for an
initial period of calibration, the first 12 h of data was excluded
from each tracing. Subjects with fewer than 72 h of data were
excluded. If more than 20% of recordings were missing on
any given day, the data for that day were also excluded.
Measures of glycemic control included the overall mean of
glucose values, percentage of time spent >200 mg/dL, per-
centage of time spent <70 mg/dL, and area under the curve of
glucose calculated by the trapezoidal rule. Primary variables
to characterize glycemic variability included glucose range,
the overall SD, and the coefficient of variation. A two-tailed
P value with an a level for significance was set at 0.05. Al-
though multiple additional computed measures have been
proposed in this dynamically evolving analytical field of
CGM analysis, they do not appear to offer a particular ad-
vantage, and we limited the number of comparisons per-
formed to minimize the chance of type 1 error.

Results

Of the 31 eligible DAISY participants, a total of 21 agreed
to participate in this study, and an additional 21 community
children have enrolled to date (Supplementary Fig. S1;
Supplementary Data are available at www.liebertonline.com/
dia). There were no differences in demographic characteris-

tics (age, gender, body mass index, family history of T1D,
HbA1c at onset) between DAISY children who enrolled or
declined this substudy. Table 1 lists demographic data and
enrollment characteristics of the overall study cohort. HbA1c
differences between DAISY compared with community
children in this study were noted at diagnosis: 7.5 – 2.3%
(58 – 25 mmol/mol) versus 12.9 – 2.1% (117 – 23 mmol/mol)
(P < 0.001). As expected, a greater number of DAISY chil-
dren, based on DAISY selection criteria, had a family history
of T1D and the high-risk HLA DR3/4, DQB1*0302 geno-
type. Community participants overall tested blood glucose
levels more frequently than DAISY children (5.6 vs. 3.7 tests/
day; P = 0.02). However, there were no significant differ-
ences in HbA1c, IDAA1c, or C-peptide measures at time of
study enrollment in the overall study cohort.

Comparisons were then performed based on time to en-
rollment from diagnosis, separating those enrolled within 6
months from diagnosis from those enrolled ‡6 months from
diagnosis. Of the total of 42 subjects enrolled since study
onset in June 2010, 18 enrolled shortly after diagnosis (av-
erage, 2.0 – 1.0 months; range, 0.1–0.5 years), and 24 en-
rolled an average of 2.6 – 1.5 years (range, 0.5–5.6 years)
from diagnosis (subjects diagnosed between July 2006 and
June 2010). For those 18 children enrolled an average of 2
months from diagnosis (Table 1), DAISY participants had a
lower HbA1c level at onset (7.3% [56 mmol/mol] vs. 13.7%
[126 mmol/mol]; P = 0.04) and study enrollment (6.5 – 1.4%
[48 – 15.3 mmol/mol] vs. 9.2 – 2.9% [77 – 31.7 mmol/mol];
P = 0.0007). These research-screened children also had a
higher stimulated C-peptide level (2.7 – 1.3 vs. 1.7 – 0.5 ng/
mL; P = 0.02), lower insulin dose (0.2 – 0.2 vs. 0.5 – 0.3 units/
kg/day; P = 0.007), and lower IDAA1c (7.4 – 2.1% vs.
11.2 – 3.5%; P = 0.0003) compared with community partici-
pants enrolled shortly after diagnosis (Table 2). These dif-
ferences between DAISY and community groups were no
longer seen in children examined an average of 2.6 – 1.5
years from diagnosis. In this cohort (n = 24), fasting C-pep-
tide (0.3 – 0.3 vs. 0.3 – 0.2 ng/mL; P = 0.98) and stimulated
C-peptide (0.6 – 0.5 vs. 0.6 – 0.3 ng/mL; P = 0.98) levels be-
tween DAISY versus community children were not different,
and longitudinal data are not reported.

Longitudinal data were available at 6 months and 12
months following enrollment in the 18 children enrolled
close to diagnosis (Table 2). At 6 months, although insulin
dose and IDAA1c were significantly lower in DAISY chil-
dren (P < 0.01), C-peptide differences were no longer seen,
and by 12 months, neither IDAA1c nor C-peptide level was
significantly different in this small subgroup. Figure 1 pre-
sents means with SE bars for metabolic outcomes of interest.
The decline in HbA1c level in community participants be-
tween 0 and 6 months, reflecting the honeymoon period, is
not observed in DAISY participants, who maintain a stable,
low HbA1c level from diagnosis. The HbA1c level also rises
to a greater degree in DAISY versus community subjects so
that the two groups are not significantly different at 6 and 12
months. Insulin dose similarly rises to a greater degree be-
tween 6 and 12 months in DAISY subjects, so that IDAA1c
is not different between groups by 12 months. Fasting
C-peptide levels (data not shown) declined at a fairly stable
rate in both DAISY and community subjects and were not
significantly different between the groups at any time point.
The stimulated C-peptide level was higher in DAISY children
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at enrollment but decreased more rapidly by 6 months so that
there were no differences between DAISY and community
children by 6 and 12 months.

Medical records of these 18 children enrolled close to di-
agnosis were reviewed, and the presence of the following

diabetes symptoms was noted: polyuria, polydipsia, weight
loss, nocturia, increased appetite, and fatigue. Of the nine
DAISY children in this subgroup, five were asymptomatic at
diagnosis. Four had up to three of the above-listed symptoms.
All nine community children were symptomatic, with six

Table 1. Comparison of Demographic and Baseline Data in the Entire Study Cohort

and the Cohort Enrolled at Diagnosis

Entire cohort (n = 42) Cohort enrolled at diagnosis (n = 18)

DAISY
(n = 21)

Community
(n = 21) P value

DAISY
(n = 9)

Community
(n = 9) P value

Age (years) 13.0 – 2.3 12.4 – 3.7 0.62 12.1 – 1.7 10.3 – 3.9 1.00a

Male [n (%)] 12 (57) 12 (57) 1 6 (66.7) 7 (77.8) 1.00
BMI z-score 0.03 – 0.9 0.3 – 1.0 0.33 0.2 – 0.7 0.08 – 1.4 0.73a

Family history of type 1 diabetes [n (%)] 12 (57) 2 (9.5) 0.002b 5 (55.6) 0 (0) NA
HLA DR 3/4, DQB1*0302 [n (%)] 11 (52) 5 (24) 0.03b 3 (33) 2 (22) 1.00

Antibody levels
GAD 0.1 (0.2) 0.2 (0.2) 0.14 0.17 (0.3) 0.12 (0.1) 1
IA-2 0.4 (0.4) 0.5 (0.4) 0.62 0.29 (0.3) 0.23 (0.2) 0.2
mIAA 0.05 (0.1) 0.01 (0.02) 0.12 0.08 (0.2) 0.01 (0.01) 0.1
ZnT8 NA NA 0.31 (0.4) 0.06 (0.1) 0.02

Number of positive diabetes antibodies
at onset [mean (SD)]

2.1 (1.0) 1.8 (1.0) 0.16 2.9 (0.6) 1.7 (1.2) 0.07

HbA1c [% (mmol/mol]) at onset 7.5 – 2.3
(58 – 25)

12.9 – 2.1
(117 – 23)

0.0002ab 7.3 – 2.2
(56 – 24)

13.7 – 1.7
(126 – 19)

0.04ab

Years from onset 1.5 – 1.6 1.6 – 1.7 0.19a 0.1 – 0.1 0.2 – 0.1 1.00a

HbA1c (% [mmol/mol]) at study
enrollment

7.9 – 2.0
(63 – 22)

9 – 2.3
(75 – 25)

0.38a 6.5 – 1.4
(48 – 15)

9.2 – 2.9
(77 – 32)

0.04ab

Glucose tests/day 3.7 – 0.9 5.6 – 1.9 0.02b 3.2 – 0.9 5.2 – 1.1 0.12a

Insulin dose (units/kg/day) 0.6 – 0.4 0.7 – 0.3 0.43 0.2 – 0.2 0.5 – 0.3 0.04ab

IDAA1Cc 10.3 – 3.6 11.7 – 2.9 0.15 7.4 – 2.1 11.2 – 3.5 0.02ab

C-peptide (ng/mL)
Fasting 0.8 – 0.9 0.7 – 0.6 0.86 1.2 – 0.6 1.1 – 0.3 0.73d

60-min 1.5 – 1.4 1.1 – 0.7 0.78 2.5 – 0.5 1.6 – 0.2 0.047bd

Data are mean – SD values unless specified otherwise.
aP value for Wilcoxon rank-sum test.
bDifference is significant.
cInsulin dose-adjusted hemoglobin A1c (IDAA1C), calculated as hemoglobin A1c (HbA1c) (in %) + (4 · insulin dose [in units/kg/day]).
dP value for geometric means.
DAISY, Diabetes Autoimmunity Study in the Young; GAD, glutamic acid decarboxylase; HLA, human leukocyte antigen; IA-2, islet

antigen-2; mIAA, micro-insulin autoantibody; NA, not applicable; ZnT8, zinc transporter isoform 8.

Table 2. Comparison of Metabolic Outcomes at Baseline, 6 Months, and 12 Months

in Those Enrolled Close to Diagnosis

At enrollment 6 months 12 months

DAISY
(n = 9)

Community
(n = 9) P value

DAISY
(n = 9)

Community
(n = 9) P value

DAISY
(n = 9)

Community
(n = 9) P value

BMI z-score 0.2 – 0.7 0.1 – 1.4 0.83 0.1 – 0.7 0.3 – 1.0 0.65 0.4 – 0.8 0.4 – 0.7 0.92
HbA1c (%) 6.5 – 1.4 9.2 – 2.9 0.0007 6.5 – 1 7.8 – 2.3 0.075 7.9 – 0.7 8.3 – 1.5 0.56
Glucose tests/day 3.2 – 0.9 5.2 – 1.1 0.01 3.6 – 1.8 4.6 – 1.0 0.046 4.9 – 2.2 4.2 – 1.2 0.29
Insulin dose (units/kg/day) 0.2 – 0.2 0.5 – 0.3 0.007 0.3 – 0.2 0.6 – 0.2 0.004 0.6 – 0.3 0.8 – 0.2 0.13
IDAA1Ca 7.4 – 2.1 11.2 – 3.5 0.0003 7.6 – 1.7 10.2 – 2.8 0.009 10.4 – 1.5 11.3 – 1.6 0.25

C-peptide (ng/mL)
Fasting 1.4 – 1.1 1.2 – 0.5 0.32 1.0 – 0.7 1.0 – 0.4 0.79 1.2 – 1.1 0.8 – 0.5 0.16
60-min 2.7 – 1.3 1.7 – 0.5 0.02 1.3 – 0.8 1.2 – 0.4 0.78 1.8 – 1.6 1.2 – 0.6 0.12

Data are mean – SD values unless specified otherwise. P values are derived from mixed-model analysis.
aInsulin dose-adjusted hemoglobin A1c (IDAA1C), calculated as hemoglobin A1c (HbA1c) (in %) + (4 · insulin dose [in units/kg/day]).
BMI, body mass index; DAISY, Diabetes Autoimmunity Study in the Young.
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FIG. 1. Baseline (0 months) and 6- and 12-month outcomes for DAISY (-----) versus community (- - -) participants enrolled
close to diagnosis: (a) hemoglobin A1c (HbA1c), (b) insulin dose, (c) insulin dose-adjusted HbA1c, and (d) C-peptide. Data
are mean – SE (error bars) values. The x-axis gives time in months; the y-axis represents variable units. *P < 0.05.
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having three or more symptoms and three having at least two
diabetes symptoms at diagnosis. None of the DAISY children
had diabetic ketoacidosis, whereas three of the community
children were in diabetic ketoacidosis (pH < 7.3; bicarbonate
<18 mmol/L) at diagnosis.

Of the 42 participants, 28 agreed to wear a CGM device
after the initial study visit. Analysis was limited to partici-
pants with a minimum of 72 h of complete CGM data
(n = 23). Of these 23 subjects, 12 were DAISY children, and
11 were community children. These participants were no
longer matched pairs; 50% of the DAISY subjects and 36% of
the community subjects wearing a CGM device were en-
rolled <6 months from diagnosis. Exactly 72 h of CGM data
was compared in all subjects. CGM variables and baseline
characteristics of these children are summarized in Supple-
mentary Table S1. Time frames were selected based on
typical patient lifestyles to define daytime (6 a.m.–12 a.m.)
and nighttime (12 a.m.–6 a.m.) periods. CGM results showed
that minimum overnight sensor glucose values were lower
in community children compared with DAISY subjects (72
vs. 119 mg/dL; P = 0.01). No other significant differences in
CGM variables were seen.

Discussion

This is the first study in children designed to address
whether earlier diagnosis and treatment of T1D through
surveillance studies may preserve endogenous insulin se-
cretion and long-term metabolic control as measured by C-
peptide, IDAA1c, and CGM outcomes. The overall cohort
was subdivided into two groups of DAISY and community
children: those recruited an average of 2.0 months from di-
agnosis and those recruited an average of 2.6 years from
diagnosis. This report presents enrollment characteristics of
the overall cohort and longitudinal data, up to 12 months, in
the subset enrolled close to diagnosis. Favorable metabolic
outcomes in DAISY versus community children were only
noted in this subgroup enrolled close to diagnosis—lower
HbA1c level, insulin dose, and IDAA1c and higher stimu-
lated C-peptide level—and likely reflect greater b-cell re-
serve, consistent with diagnosis earlier in the evolution of the
Eisenbarth model of T1D.16 The presence of fewer diabetes
symptoms in this cohort also indicates that these children
were diagnosed earlier in the disease course. By an average
2.6 years from diagnosis, these differences between DAISY
and community children are no longer seen.

Longitudinal outcomes at 6 and 12 months were analyzed
in the 18 children enrolled an average of 2 months from
diagnosis. Although longitudinal follow-up for the overall
group is ongoing, the favorable findings in stimulated C-
peptide and IDAA1c results seen in this subgroup of DAISY
children at enrollment are no longer evident 1 year later.
Several factors have been proposed (but not confirmed) to
affect the rate of loss of b-cell function in patients with T1D,
including age of onset, degree of metabolic control, immune
status, genetic factors, and individual variation.17–19 Because
of DAISY selection criteria, DAISY children had higher
frequency of the HLA DR3/4, DQB1*0302 genotype. In the
subgroup enrolled close to diagnosis, mean available ZnT8
levels were higher at onset in DAISY compared with com-
munity children. The number of positive autoantibodies
(GAD, IA-2, and insulin autoantibodies) was not different

between cohorts. Participant numbers here are small, and
whether or not autoantibody and HLA differences affect rates
of endogenous insulin loss remains unclear11,17,20 and merits
further study.

Participants in this study are matched by age of onset and
duration of diabetes. Data previously reported by our group
found that HbA1c differences between DAISY and com-
munity children were no longer apparent 6 months after
onset.5 However, the children in this previous report were not
followed prospectively or matched by duration of disease
from diagnosis; in addition, they had no measures of C-
peptide or CGM outcomes, both of which were evaluated in
this study. Although research screening decreases hospitali-
zation rates and diabetic keotacidosis at diagnosis, the find-
ings reported here suggest that early diagnosis and treatment
do not interrupt disease progression and b-cell decline.

It is notable that there were no differences in fasting C-
peptide level between DAISY and community participants at
any time point in this study, in contrast to higher fasting and
peak C-peptide levels at diagnosis in DPT-1 subjects com-
pared with community controls as described in a review by
Palmer.10 The preserved fasting C-peptide levels noted in
DPT-1 subjects during the 30 months prior to diabetes di-
agnosis, despite gradually declining peak C-peptide levels
during this period,21 imply that the peak C-peptide level tends
to decline before changes in fasting C-peptide level are de-
tectable. The lack of difference in fasting C-peptide in our
sample suggests that our sample size is too small to detect a
difference between DAISY and community controls at en-
rollment, that community controls were detected relatively
early in the course of disease compared with the historic
community controls reported by Palmer,10 or that fasting C-
peptide is not as good of a measure of b-cell function as peak
C-peptide. Additionally, trends in stimulated C-peptide val-
ues over time may be more important than the fasting C-
peptide level alone as the DCCT analyses found a stronger
association with outcomes with stimulated compared with
fasting C-peptide levels.9

Through the DCCT, it has been shown that patients who
have sustained production of C-peptide have lower rates of
severe hypoglycemia, microalbuminuria, and retinopathy
regardless of being in the intensively treated or convention-
ally treated cohorts.22 In addition, intensive treatment in the
DCCT prolonged production of C-peptide in the cohort with
C-peptide production at baseline. This observation has led to
the statement that good control begets good control (i.e., that
the production of C-peptide is associated with easier diabetes
care), which in turn is associated with a sustained production
of C-peptide. Of note is that a more recent study assessing the
impact of early intensive therapy immediately after diagnosis
with sensor-augmented pump therapy did not show benefit on
preservation of b-cell function at 1 year.23 These recent
findings may reflect the overall advances in insulin and glu-
cose monitoring technology that have improved routine
management for patients with diabetes overall.

Variable rates of C-peptide level decline from diabetes
onset have been described. Most of these data are derived
from the placebo arm of randomized controlled trials asses-
sing drug interventions in newly diagnosed children with
T1D. Several studies have reported modest reductions at 1
year24,25 and up to a 50% decline in stimulated C-peptide
level over the first year following diagnosis.26–28 Analysis of
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DPT-1 C-peptide data in participants monitored prior to di-
abetes diagnosis found rapid decreases in C-peptide levels
(14%) in the 6 months leading up to diagnosis, with an even
greater decline of 24% between diagnosis and the 3 months
following diagnosis. TrialNet data on C-peptide production
up to 2 years from diagnosis describe a biphasic decline in C-
peptide levels, with a steeper slope of decline occurring the
first 12 months from diagnosis and then flattening between 12
and 24 months.11 Longer-term follow-up is ongoing, but our
data to date demonstrate a stimulated C-peptide level decline
in the first 6 and 12 months in both DAISY and community
children, with a more rapid decline in DAISY children within
the first 6 months from diagnosis. Further comparisons of the
slope of C-peptide decline are ongoing as participants prog-
ress further from diagnosis.

In addition to HbA1c and C-peptide data, CGM data are
collected at each visit to monitor additional aspects of met-
abolic control, including glucose variability and frequency of
hypoglycemia. Because of the smaller sample of participants
who wore CGM, these individuals were not separated into
those enrolled at time of diagnosis compared with those en-
rolled later in the course of the disease. Overall comparisons
found that variability as measured by sensor glucose SD
and coefficient of variation was not significantly different
between DAISY and community-diagnosed participants.
Nighttime minimum glucose values were lower in commu-
nity children, despite similar HbA1c levels and more frequent
daily blood glucose tests. The higher C-peptide levels in
DAISY children enrolled close to diagnosis, likely reflecting
earlier detection of disease and greater b-cell reserve, may
explain the differences detected in overnight low blood glu-
cose levels on CGM.

Limitations of this report include the small sample size of
children studied, in particular the cohort of individuals en-
rolled at time of diagnosis. Despite the small sample size,
baseline differences in HbA1c, IDAA1c, and stimulated
C-peptide levels were demonstrated between DAISY and
community children enrolled close to diagnosis. However,
neither the comparisons of C-peptide production in the cohort
enrolled 2.6 years from diagnosis nor longitudinal compari-
sons in the early enrollment group demonstrated sustained
differences in C-peptide production. Either a larger sample
size is needed to detect differences, or earlier detection and
treatment do not confer a metabolic advantage. Additionally,
a modified MMTT was performed instead of the traditional 2-
h MMTT. The C-peptide level usually peaks by 30–60 min on
MMTT early in the course of T1D; the time to peak, however,
often increases with progressive loss of b-cell function. For
consistency with larger epidemiologic studies such as
SEARCH and for practical reasons, a modified MMTT with
fasting and 60-min stimulated C-peptide measurement was
performed.

In summary, this is the first study to address if early de-
tection of T1D through surveillance studies can preserve b-
cell function in youth compared with individuals diagnosed
in the community. When enrolled shortly after diagnosis,
children diagnosed by research screening had more favorable
patterns of IDAA1c, HbA1c, insulin dose, and C-peptide;
however, these differences were no longer seen by 12
months. Therefore, any advantages of earlier diagnosis
through surveillance studies on metabolic parameters appear
to wane shortly after diagnosis, implying the need for early

clinical intervention trials on b-cell preservation. Confirma-
tion of these findings in larger prospective studies is required.
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