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OBJECTIVEdTo determine exposure to hyper- and hypoglycemia using blinded continuous
glucose monitoring (CGM) profiles in youth with type 1 diabetes (T1D) with residual b-cell
function during the first year of insulin treatment.

RESEARCHDESIGNANDMETHODSdBlinded, 3–7 day CGM profiles were obtained
in 16 short-term T1D patients (age 8–18 years, T1D duration 6–52 weeks) who had peak
C-peptide levels ranging from 0.46 to 1.96 nmol/L during a mixed-meal tolerance test. Results
in this short-term group were compared with those in 34 patients with well-controlled, longer-
term T1D (duration $5 years), matched for age and A1C with the short-term T1D group, and
with those in 26 age-matched nondiabetic individuals.

RESULTSdDespite matching for A1C, and therefore similar mean sensor glucose levels in the
two T1D groups, short-term T1D participants had a lower frequency of hypoglycemia (0.3 vs.
7.6%, P , 0.001), a trend toward less hyperglycemia (17 vs. 32%, P = 0.15), and a greater
percentage in the target range (median 77 vs. 60%, P = 0.02). Indeed, the percentage of sensor
glucose levels #70 mg/dL in the short-term T1D group (0.3%) did not differ from those in the
nondiabetic group (1.7%, P = 0.73). The coefficient of variation of sensor glucose levels (an index
of glucose variability) was lower in short-term vs. longer-term T1D participants (27 vs. 42%,
respectively, P , 0.001).

CONCLUSIONSdIn youth with short-term T1Dwho retain residual b-cell function, there is
negligible exposure to hypoglycemia and lower glucose variability than in youth with well-
controlled T1D of longer duration.
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The impact of residual b-cell function
on the safety and efficacy of intensive
insulin treatment of type 1 diabetes

(T1D) was first demonstrated in the Di-
abetes Control and Complications Trial
(DCCT). In that study, intensively treated

adolescent and adult patients with dura-
tion of diabetes between 1 and 5 years
and a C-peptide response to a standard
mixed-meal stimulus between 0.2 and
0.5 pmol/mL had significantly lower
A1C levels, daily insulin doses, and rates
of severe hypoglycemia than intensively
treated participants who were C-peptide
nonresponders (1). Nevertheless, the
influence of residual b-cell function on
exposure to biochemical hyper- and hy-
poglycemia early in the treatment of
youth with T1D has not been established.

The Diabetes Research in Children
Network (DirecNet) has undertaken a
study to examine the relationship between
residual b-cell function (assessed by a
mixed-meal tolerance test [MMTT]) and
preservation of the plasma glucagon re-
sponse to hypoglycemia (assessed by the
hypoglycemic clamp technique) in chil-
dren and adolescents during the first 12
months of treatment of T1D. As part of the
study protocol, each participant wore a
blinded continuous glucose monitor
(CGM) for 3–7 days before the hypogly-
cemic clamp. In this report, we present
analyses of the blinded CGM profiles in
the group of C-peptide responders in the
DirecNet study. Blinded CGM results in
this group of participants with short-term
T1Dwere comparedwith results of blinded
CGM profiles obtained by the Juvenile Di-
abetes Research Foundation (JDRF) CGM
Randomized Clinical Trial study group.
The comparison groups included age-
matched nondiabetic control subjects (2)
and age-matched youth with longer-term
($5 years duration) T1D who were also
matched for A1C levels to the DirecNet co-
hort of recent-onset individuals (3,4).

RESEARCH DESIGN AND
METHODSdThe DirecNet study pro-
tocol involving the short-term T1D partic-
ipants is available on the DirecNet website,
http://direcnet.jaeb.org/viewpage.aspx?
pagename=home, and is briefly summa-
rized here. The study was approved by
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the DirecNet Data and Safety Monitoring
Board and the institutional reviewboards at
each of the five DirecNet centers. A parent
or guardian gave written consent, and each
subject gavewritten assent.Major eligibility
criteria included the following: 1) clinical
diagnosis of T1D between 6 and 52 weeks,
2) positive antibody (GAD65 and islet cell
autoantigen 512) determination, and 3) age
8 to ,19 years. Participants were asked
to wear a Guardian Clinical (Medtronic
MiniMed,Northridge,CA) for3–7daysprior
to a hypoglycemic clamp test. The Guard-
ian Clinical is the same as a Guardian Real-
Time CGM, but it is a “blinded” device,
meaning the glucose values are recorded
in the receiver but the values are not visible
to the patient. The C-peptide concentra-
tion during MMTT was measured at
Northwest LipidMetabolism and Diabetes
Research Laboratories (Seattle, WA) using
Tosoh AIA 1800 (Tosoh, Montgomery-
ville, PA). Among the 20 participants
whocompletedboth tests, 1hadaC-peptide
response ,0.2 nmol/L during MMTT
and 3 did not wear the CGM device.
This analysis included the other 16 parti-
cipants who had a mean 6 SD peak
C-peptide level of 0.96 6 0.42 nmol/L,
ranging from 0.46 to 1.96 nmol/L, and a
median duration of glucose data of 77 h
(25th–75th percentile 62–117), ranging
from 34 to 154 h. A1C was measured us-
ing the DCA Vantage analyzer (Siemens
Healthcare Diagnostics).

These 16 short-term T1D participants
were matched for age and A1C to 34
participants with $5 years T1D duration
(“longer-term”) from the JDRF CGM Ran-
domized Clinical Trial cohort (3,4). CGM
data were taken from an approximately
7-day period of blinded sensor use at
baseline prior to randomization. The me-
dian duration of glucose data was 150 h
(25th–75th percentile 131–181), ranging
from 97 to 241 h in the 26 (76%) partic-
ipants using the Guardian Clinical device
and 8 (24%) using the FreeStyle Naviga-
tor (Abbott Diabetes Care, Alameda, CA).
A1C was measured using the DCA 2000
analyzer (Bayer, Tarrytown, NY) in 32
(94%) participants and Tosoh G7 (Tosoh)
in 2 (6%) participants. The correlation be-
tween the DCA 2000 assay and the Tosoh
G7 assay is r = 0.94 (5).

In addition, the 16 short-term T1D
participants were matched for age to 26
nondiabetic participants whowere diabetes-
antibody negative from a separate JDRF-
funded study (2), including 12 (46%)
participants who used the Guardian Clin-
ical device for 3 days and 14 (54%) who

used a blinded Navigator for 5 days. The
median duration of the glucose data was
71 h (25th–75th percentile 67–103),
ranging from 51 to 141 h. A previous
study showed that results were similar
comparing the Navigator and Guardian
Clinical CGM devices (mean glucose
98 6 11 and 98 6 9 mg/dL, respectively
(2). A1C was measured using the DCA
2000 for 23 (88%) participants and Tosoh
G7 for 3 (12%) participants.

CGM glucose indices were calculated
giving equal weight to each of the 24 h of a
calendar day. As the long-duration group
had a greater amount of data than the
short-term T1D and nondiabetic groups,
group comparisons weremade using both
3 and 6 days of data. Since the results were
similar regardless of the length of data
used (Supplementary Table 1), the data
from;6 days of sensor wear are presented
here. Coefficient of variation (CV) as amea-
sure of glucose variability was defined as
SD divided by mean glucose.

Means 6 SD or median (25th–75th
percentiles) was summarized as appropri-
ate to the distribution for demographic
and clinical characteristics and various
measures of glucose separately for each
of three groups. The comparisons be-
tween short-term T1D participants and
nondiabetic participants were performed
using regression models based on van der
Waerden rank normal scores adjusted for
age, sex, and race/ethnicity (white vs.
nonwhite). Comparisons of the two T1D
groups were also adjusted for A1C level.
In addition, comparisons of SD between
groups were adjusted for mean glucose
because of the high correlation between
SD and the mean glucose. The models
were not adjusted for CGM device type
because the short-term T1D group only
used the Guardian Clinical. Previous
studies have shown that the accuracy of
the Real-Time system and FreeStyle Nav-
igator are similar (6,7). Moreover, the re-
sults were similar when the analysis was
restricted to the Guardian Clinical data
(data not shown). Analyses were per-
formed with SAS version 9.2 (SAS Insti-
tute, Cary, NC). Only P values ,0.01
were considered statistically significant
because multiple statistical comparisons.

RESULTSdTable 1 provides the char-
acteristics of the 16 short-term T1D partic-
ipants, the 34 longer-termT1Dparticipants,
and the 26 nondiabetic participants. As
shown in Table 2, the short-term T1D par-
ticipants had a mean glucose level similar to
that of the longer-term T1D participants

(151 6 38 vs. 156 6 28 mg/dL, respec-
tively, P = 0.97), but they had a significantly
lower percentage of glucose values ,70
mg/dL (0.3 vs. 7.6%, P , 0.001). Similar
results were observed for the percentage of
glucose ,60 and 50 mg/dL. There were
trends toward greater percentage of glucose
values in the 71–180 mg/dL target range
(median 77 vs. 60%, P = 0.02) and fewer
glucose values .180 mg/dL in the short-
term T1D participants (17 vs. 32%, P =
0.15). Glucose variability measured by CV
was significantly lower in the short-term
T1Dgroup (median 27 vs. 42%,P,0.001).

Compared with the nondiabetic par-
ticipants, the short-term T1D participants
had a higher mean glucose (1516 38 vs.
102 6 10 mg/dL, P , 0.001), fewer val-
ues in the target range (median 77 vs.
98%, P , 0.001), higher percentage in
the hyperglycemic range (17 vs. 0%,
P , 0.001), and increased glucose vari-
ability (CV 27 vs. 16%, P, 0.001). Over-
all, there were few sensor glucose values
in the hypoglycemic range in both the
short-term diabetic and nondiabetic par-
ticipants (Table 2).

CONCLUSIONSdThe availability of
blinded CGM profiles in nondiabetic
children and adolescents and in youth
with longer-term diabetes who were suc-
cessfully achieving target A1C goals with
intensive treatment provided us with a
unique opportunity to examine how glu-
cose profiles in these two groups of partic-
ipants compared with those in youth with
well-controlled short-term T1D who re-
tained residual insulin secretion. Since both
groups of T1D participants were matched
for A1C levels, it was not surprising
that overall mean CGM glucose values
were also similar. Nevertheless, youth with
short-term T1D had a lower frequency of
hypoglycemia and a trend toward less hy-
perglycemia than youth with longer-term
T1D. In addition, glucose variability as as-
sessed by theCVof sensor glucose levelswas
significantly reduced in the short-term ver-
sus longer-term T1D participants; short-
term patients also had reduced daily insulin
requirements (Table 1). In the DCCT, sub-
jects with residual b-cell function had lower
total daily insulin doses than subjects who
were C-peptide nonresponders (1).

As expected, A1C levels, mean sensor
glucose values, and glucose variability in
the short-term T1D participants were
higher than in nondiabetic youth of similar
age. In addition to insulin deficiency, recent
studies indicate that patients with short-
term T1D have inappropriate increases in
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plasma glucagon levels during mixed-meal
feedings, which may also contribute to
postprandial hyperglycemia (8). On the
other hand, there was no significant differ-
ence between the nondiabetic and the
short-term T1D groups in the frequency
of sensor values in the hypoglycemic range,
which is particularly striking. In contrast,
participants in the longer-term T1D group
achieved A1C levels near or within the
,7.5% pediatric target range (9) at the ex-
pense of a sharp increase in exposure to
biochemical hypoglycemia. Using a
one-step hyperinsulinemic, hypoglyce-
mic clamp, we have demonstrated that
56% of the subjects in the short-term

group maintained a glucagon response
to hypoglycemia, which may have contrib-
uted to their low incidence of biochemical
hypoglycemia (10). Since recurrent epi-
sodes of mild biochemical hypoglycemia
have been implicated in the development
of hypoglycemia-associated autonomic
failure (11) and hypoglycemia unaware-
ness, the absence of such exposure in our
short-term participants may also help ex-
plain why the risk of severe hypoglycemic
events was reduced in C-peptide respond-
ers vs. C-peptide nonresponders in the
DCCT (1).

Interpretation of the findings of this
study may be somewhat limited because

the C-peptide response status of partic-
ipants in the longer-term T1D group was
not determined. Nevertheless, as the min-
imum diabetes duration in the longer-term
T1D group was 5 years, we would expect
the C-peptide response and insulin secre-
tion to be minimal. In addition, if some of
the longer-term T1D patients did retain
C-peptide responses, it would have likely
decreased our ability to demonstrate the
differences in CGM profiles that were
found between the two groups of T1D
participants. The vastmajority of long-term
T1D subjects were using continuous sub-
cutaneous insulin infusion compared with
only 6% of the short-term subjects, 25% of
whom were receiving only twice-daily in-
sulin. Since continuous subcutaneous insulin
infusionhasbeen associatedwith adecreased
frequency of hypoglycemia (12–14), the
high frequency of pump use in the long-
term subjects would also have been ex-
pected to limit our ability to demonstrate a
difference with respect to exposure to hy-
poglycemia. It should also be noted that
the short-term T1D group only used the
Medtronic Guardian system for CGM
monitoring, whereas both the Guardian
and Abbott Navigator systems were used
in the other two groups. However, previous
studies from the JDRF CGM study group
have demonstrated that glucose profiles
and hypoglycemia detection using these
two systems are very similar (2).

Our data demonstrate that during the
honeymoon phase of T1D in youth, when
residual b-cell function is retained, A1C
levels can be lowered to ,7.0% with neg-
ligible exposure to hypoglycemia and con-
siderably lower glucose variability than is
seen in youth with equally well-controlled
T1D of $5 years’ duration. Immunologic

Table 1dClinical characteristics

Nondiabetic Short-term T1D Longer-term T1D

N 26* 16† 34‡
Diabetes duration at
enrollment (years) NA 0.5 6 0.3 (0.1–1.0) 7.6 6 2.4 (5.0–14.0)

Age at enrollment
(years) 13.0 6 2.4 (9.5–17.8) 13.1 6 3.1 (9.0–18.1) 13.0 6 2.7 (9.1–17.8)

A1C (%) 5.3 6 0.2 (4.9–5.7) 6.8 6 0.7 (5.5–7.8) 6.8 6 0.6 (5.6–7.8)
Female 16 (62) 7 (44) 16 (47)
Non-Hispanic white 12 (46) 10 (63) 30 (88)
Insulin routine
Pump NA 1 (6) 33 (97)
Basal-bolus
injections NA 11 (69) 1 (3)

Twice-daily
injectionsx NA 4 (25) 0

Total daily
insulin (units/kg) NA 0.5 6 0.2 0.8 6 0.2

Data are means6 SD (range), n (%), or means6 SD unless otherwise indicated. *From a study that collected
CGM glucose data in nondiabetic individuals (ref. 2). †From the DirecNet Glucagon study, described in
RESEARCH DESIGN AND METHODS. ‡From the JDRF CGM Randomized Clinical Trial (ref. 3). xAspart and NPH
before breakfast and aspart and detemir before dinner.

Table 2dSummary of glycemic indices

Nondiabetic* Short-term T1D† Longer-term T1D‡
P for nondiabetic

vs. short-term T1Dx
P for short-term

vs. longer-term T1Dx
N 26 16 34
Overall glucose (mg/dL) 102 6 10 151 6 38 156 6 28 ,0.001 0.97
Percent within 71–180 mg/dL 98 (95–100) 77 (62–86) 60 (54–71) ,0.001 0.02
Percent .180 mg/dL 0 (0–0) 17 (8–37) 32 (21–41) ,0.001 0.15
Percent #70 mg/dL 1.7 (0.0–3.8) 0.3 (0.0–2.3) 7.6 (1.6–11.6) 0.73 ,0.001
Percent #60 mg/dL 0.2 (0.0–1.9) 0.0 (0.0–1.0) 3.3 (0.4–6.5) 0.48 ,0.001
Percent #50 mg/dL 0.0 (0.0–0.3) 0.0 (0.0–0.3) 0.6 (0.0–3.1) 0.82 0.004
Within-subject SD|| 16 (12–20) 45 (34–49) 65 (58–76) 0.01 ,0.001
CV (%)||{ 16 (12–19) 27 (24–32) 42 (37–49) ,0.001 ,0.001
Data are means6 SD or median (25th–75th percentile) unless otherwise indicated. *From a study that collected CGM glucose data in nondiabetic individuals (ref. 2).
†From the DirecNet Glucagon study, described in RESEARCH DESIGN AND METHODS. ‡From the JDRF CGM Randomized Clinical Trial (ref. 3). xP values were from the
regressionmodel based on van derWaerden rank normal scores adjusted for age, sex, and race/ethnicity (white vs. nonwhite). Comparison of the two T1D groups also
adjusted for A1C. In addition, P values for SD were adjusted for mean glucose. ||Measures of glucose variability. {CV was computed as SD divided by mean glucose.
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and other approaches directed at preserv-
ing b-cell function in patients with newly
diagnosed T1D are areas of intense study
(15). Should such approaches be success-
ful, our findings suggest that the therapeu-
tic benefits of b-cell preservation may
include considerably lower glucose var-
iability and exposure to the risks of hy-
poglycemia, clinical outcomes that may
be as important as A1C and total daily
insulin dose metrics that are currently
used to measure the success of such
interventions.
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