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Abstract
Context—Glycemic control is limited by the barrier of hypoglycemia. Recurrent hypoglycemia
impairs counterregulatory (CR) hormone responses to subsequent hypoglycemia.

Objective—To determine the glucagon and epinephrine responses to insulin-induced
hypoglycemia in adolescents with recent-onset type 1 diabetes mellitus (T1DM).

Methods—We assessed the CR responses to hypoglycemia by performing a hyperinsulinemic
(2.0mU·kg−1·min−1), euglycemic (BG 90mg/dL; 5.0mmol/L)-hypoglycemic (BG 55mg/dL;
3.0mmol/L) clamp in 25 recent-onset (<1 year duration) patients 9–18 years old (mean±SD:
13.4±2.7) with T1DM and 16 non-diabetic controls 19–25 years old (mean±SD 23.3±1.8). Twenty
of the T1DM subjects were retested 1-year (53±3 weeks) later.

Results—At the initial and 1-year studies, peak glucagon (pGON) and incremental glucagon
(ΔGON) during hypoglycemia were lower in the T1DM subjects (median pGON=47pg/mL
(quartiles: 34, 72), ΔGON=16 (4, 27) initially and pGON=50pg/mL (42, 70), ΔGON=12 (9, 19) at
1-year) than in controls (pGON=93pg/mL (60, 111); ΔGON=38pg/mL(19, 66), p=0.01 and
p=0.004 for ΔGON at initial and 1-year study, respectively). In contrast, peak epinephrine (pEPI)
and incremental epinephrine (ΔEPI) levels were similar in the T1DM (pEPI=356pg/mL (174, 797)
and ΔEPI=322pg/mL (143, 781) initially and pEPI=469pg/mL (305, 595) and ΔEPI= 440pg/mL
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(285, 574) at one year) and in controls (pEPI=383pg/mL (329, 493) and ΔEPI=336pg/mL (298,
471) p=0.97 and 0.21 for ΔEPI at initial and 1-year study, respectively).

Conclusions—Even within the first year of T1DM, glucagon responses to hypoglycemia are
blunted but epinephrine responses are not, suggesting that the mechanisms involved in the loss of
these hormonal responses, which are key components in pathophysiology of hypoglycemia-
associated autonomic failure, are different.
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Tight glycemic control of type 1 diabetes mellitus (T1DM) reduces the development and
slows the progression of diabetes-related microvascular complications (1) and may reduce
the development and progression of macrovascular complications (2). However, tight
glycemic control increases the frequency of recurrent symptomatic and severe hypoglycemia
(1). Indeed hypoglycemia continues to be a fact of life for people with T1DM (3) who suffer
untold numbers of episodes of asymptomatic hypoglycemia. Population-based data (4, 5)
indicate that patients with T1DM suffer an average of 1–3 episodes of severe, at least
temporarily disabling, hypoglycemia per year. These episodes can be fatal (6).

Decreasing plasma glucose concentrations within and just below the post-absorptive
physiological range (approximately 70 to 110 mg/dL) normally signal a series of hormonal
and symptom responses that protect against hypoglycemia (3, 7). In non-diabetic
individuals, these responses include: 1) a decrease in insulin secretion at glucose levels of
80–85 mg/dL, 2) increases in the secretion of glucose counterregulatory hormones including
glucagon (GON) and epinephrine (EPI) at glucose levels of 65–70 mg/dL, and 3) neurogenic
(autonomic) as well as neuroglycopenic symptoms at glucose levels of 50–55 mg/dL. In
diabetic patients with absolute endogenous insulin deficiency (T1DM or advanced T2DM),
decrements in insulin and increments in glucagon in response to falling glucose or
hypoglycemia are lost and increments in adrenomedullary epinephrine and sympathetic
neural activity are typically attenuated as glucose levels fall in response to therapeutic
hyperinsulinemia. The loss of these responses leads to hypoglycemia-associated autonomic
failure (HAAF) in diabetes, which posits that episodes of iatrogenic hypoglycemia cause
both the clinical syndrome of defective glucose counterregulation (by attenuating the
epinephrine response to hypoglycemia in the setting of absent insulin and glucagon
responses) and impaired awareness of hypoglycemia (largely by reducing the sympathetic
neural response). This in turn causes a vicious cycle of recurrent hypoglycemia (3, 7, 8).

Loss of the glucagon response to hypoglycemia in patients with T1DM, first reported by
Gerich and colleagues in adults in 1973 (9), was shown to develop relatively early in the
course of T1DM. In the study of Bolli et al (10) the glucagon response to hypoglycemia in
adults with T1DM began to decrease after about two years of diabetes. Attenuation of the
epinephrine response to hypoglycemia was shown by Bolli et al (10) and White et al (8) ten
years later. Children with new-onset (duration 5–6 days) T1DM were found to have a
reduced plasma glucagon response to hypoglycemia induced by bolus insulin injection but
the nadir plasma glucose concentrations tended to be higher in these new-onset patients than
in the non-diabetic control subjects (11). This finding of a reduced plasma epinephrine
response to hypoglycemia in these new onset patients suggests that this apparent difference
in glucose nadirs, though not significantly different, may have been biologically important.
Recently, Siafarikas et al, (12) demonstrated a reduced glucagon response, but not a reduced
epinephrine response, to hypoglycemia in patients with a duration of T1DM ranging from 1
month to 10 years, and a mean duration of T1DM of 1.9 years.
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In this study, we tested the hypothesis that glucagon, but not epinephrine, responses to
insulin-induced hypoglycemia are blunted in adolescents with T1DM of less than 1-year
duration. We document an attenuated glucagon but not epinephrine response to
hypoglycemia in the first year of T1DM.

Research Design and Methods
Subjects

The Diabetes Research in Children Network (DirecNet), consisting of five clinical centers
(Washington University in St. Louis School of Medicine, St. Louis, MO; Nemours
Children’s Clinic, Jacksonville, FL; Yale University, New Haven, CT; Stanford University,
Stanford, CA; University of Iowa, Iowa City, IA) and a Coordinating Center (Jaeb Center
for Health Research, Tampa, FL), studied 25 T1DM adolescents and children with recent-
onset of T1DM. All subjects had T1DM according to American Diabetes Association
criteria (13) and confirmed by the presence of positive GAD65 and/or ICA512 antibodies
either at the time of diagnosis or at the time of screening for this study. Subjects who had
any of the following exclusion criteria were not eligible for participation in the study: 1) use
of a medication such as oral antidiabetic agents or oral/inhaled glucocorticoids that would
affect blood glucose; 2) asthma treated with systemic or daily inhaled corticosteroids during
the prior 6 months; 3) cystic fibrosis or 4) the presence of any other disease that the
investigator believed to be a contraindication to participation in the protocol. Since it was
felt to be inappropriate to subject healthy minors (<18 years old) to unnecessary
hypoglycemia by some Institutional Review Boards (IRBs), we utilized a control group of
16 healthy young adults 19–25 years old without diabetes. These control subjects were
studied at Washington University in St. Louis, MO by Dr. Ana Maria Arbelaez as part of a
different study but using the same method, the same target glucoses during the clamps, and
the same glucagon and epinephrine assay. Characteristics of the T1DM and control subjects
are summarized in Table 1.

All subjects and their parent or legal guardian gave their written informed consent and
assent, as appropriate, to participate. The study was approved by the Institutional Review
Boards at all five clinical centers and the Coordinating Center.

Procedures
To assess the counterregulatory hormone responses to hypoglycemia, all subjects underwent
a hyperinsulinemic (2.0 mU · kg−1 · min−1) euglycemic (5.0 mmol/L [90 mg/dL], for 60
min) clamp followed by a hypoglycemic (3.0 mmol/L [55 mg/dL] for 60 min) clamp. In the
T1DM subjects, the initial clamp study was done at a diabetes duration of less than one year
(7–51 weeks) and was repeated one year (53.4±3.8 weeks) later. On a separate day, all
diabetic subjects underwent a mixed meal tolerance test (MMTT) to assess residual β-cell
function, the results of which are the subject of a separate manuscript (14) and are not
reported herein, other than to note that 1) 24 of the 25 diabetic subjects were C-peptide
responders as evidenced by a peak C-peptide of ≥0.2 nmol/L during the MMTT at the time
of their initial clamp study (at 7–51 weeks of diabetes duration) and 2) the diabetic subjects
have a robust glucagon response to the MMTT (15).

Continuous Glucose Monitoring
Subjects with T1DM were asked to wear a Guardian Clinical continuous glucose monitor
(CGM) (Medtronic MiniMed, Northridge, CA) for 3–6 days before the hyperinsulinemic-
euglycemic-hypoglycemic clamp study to evaluate possible antecedent hypoglycemia that
could blunt the counterregulatory hormone responses.
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Hyperinsulinemic Clamp
The hyperinsulinemic clamp study was performed in the clinical research unit of each of the
five DirecNet clinical centers in the morning after an 8-hour overnight fast. For subjects
using CSII, basal insulin was continued overnight and during the test. For those on injection
regimens, the nighttime long-acting insulin (Lantus® or Levemir®) was given the night
before the study. No long-acting or intermediate-acting insulin was given after midnight and
no rapid-acting insulin (other than the CSII basal insulin) was given for at least 4 hours
before the start of the clamp study. If the BG on arrival was above 100 mg/dL, supplemental
Regular insulin was given intravenously at the discretion of the physician to gradually bring
the plasma glucose into the target range of 90–100 mg/dL at the beginning of the clamp
study.

Intravenous lines were inserted into an antecubital vein (for insulin and glucose infusions)
and a dorsal hand vein, with that hand being kept in a ~55°C Plexiglas box (for arterialized
venous sampling). Regular insulin was infused at 2.0 mU · kg−1 · min−1. During the clamp
study, BG was measured at the bedside every 5 minutes. Dextrose was infused at a variable
rate to maintain the BG at the target value. For the euglycemic portion of the clamp BG was
kept at 90 mg/dL for 60 minutes. For the hypoglycemic portion of the clamp, Dextrose
infusion rate was reduced and BG was kept at 55 mg/dL for 60 minutes. At the end of the
one hour of the hypoglycemic phase, the study was concluded by discontinuing the insulin
infusion and providing IV Dextrose to bring the BG rapidly into the normal range and
allowing the subject to have a meal.

Blood samples for plasma glucagon and epinephrine measurements were obtained before the
start of the insulin infusion, 30, 45 and 60 minutes after starting the hyperinsulinemic-
euglycemic phase of the study and after 15, 30, 45, and 60 minutes of hypoglycemia.

The non-diabetic control subjects (N=16) underwent a hyperinsulinemic-euglycemic-
hypoglycemic clamp using a similar procedure to the T1DM subjects including the same
insulin infusion rate and glucose targets as part of a different IRB-approved study conducted
at Washington University in St. Louis, MO. BG was kept at 90mg/dL for 60 minutes during
euglycemia phase and 55 mg/dL for 90 minutes during hypoglycemia phase. Blood samples
for plasma glucagon and epinephrine measurements were obtained every 30 minutes during
the study.

Analytical Methods
Plasma glucose concentrations were measured locally by the glucose oxidase method
(Yellow Springs Analyzer 2; Yellow Springs Instruments, Yellow Springs, OH) or a
GlucoScout® blood glucose monitor (International Biomedical, Austin, TX). Plasma C-
peptide and glucagon levels were measured with radioimmunoassays. Plasma epinephrine
levels were measured with a single isotope derivative (radioenzymatic) method (16).

Statistical Methods
Median and quartiles (25th, 75th percentiles) were reported for hormones with skewed
distributions (glucagon and epinephrine). Glucose values were reported as mean ± SD.
Boxplot figures show both median and mean values for glucagon, epinephrine and glucose.

Some subjects had baseline glucagon and epinephrine values below the detection limit for
the assay (glucagon: 4 subjects at the initial study and 1 subject at the one year study;
epinephrine: 5 and 2 subjects, respectively). The lower limit (20 pg/mL for glucagon and 10
pg/mL for epinephrine) was imputed for analysis in these cases. Results were similar in a
sensitivity analysis where these subjects were excluded from analysis (data not shown).
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Glucagon and epinephrine responses during insulin-induced hypoglycemia in the clamp
study were compared between the initial and year 1 studies in the T1DM subjects using a
signed rank test and comparisons between the T1DM subjects at the initial and year 1
studies and non-diabetic controls was analyzed using the Wilcoxon rank sum test. Because
of multiple comparisons performed in this analysis, a P value of ≤0.01 was considered to be
statistically significant.

Results
Subjects

25 non-obese subjects with T1DM were evaluated initially within the first year after
diagnosis of T1DM. Mean (±SD) age was 13.4±2.7 years (range: 9.0–18.1). 36% were
female, 64% White, 20% African American, 8% Hispanic and 8% Asian. Duration of T1DM
was 7–51 weeks (6–13 weeks duration: n=5, 14–26 weeks duration: n=7, 27–39 weeks
duration: n=7, 40–52 weeks duration: n= 6) and HbA1c was 6.6±0.8% at initial visit (range:
5.3–8.6) and 7.6±1.0% at the 1-year study. All subjects were using basal:bolus therapy with
3 using CSII and 22 using multiple daily injections. Among the 20 subjects who completed
the 1-year study, 9 had switched to CSII in the course of the study. Only one subject had any
prior history of severe hypoglycemia and this was >180 days before the performance of the
clamp study. Initial characteristics of the subjects are shown in Table 1.

Glucose values during hyperinsulinemic clamp studies
Plasma glucose levels were similar in all three groups for euglycemic phase and
hypoglycemic phase of the clamp procedure (Figure 1 (panel A)). During euglycemia the
mean ± SD glucose values were 90 ± 6, 93 ± 12 and 94 ± 9 mg/dL in the non-diabetic
controls, T1DM initial study and T1DM 1-year study, respectively. Corresponding glucose
values during hypoglycemia were 54 ± 3, 55 ± 6 and 57 ± 7 mg/dL, respectively.

Comparison of counterregulatory hormone responses in youth within the first year after
diagnosis of T1DM and 1 year later

Glucagon Responses—Glucagon levels during the course of the hyperinsulinemic-
euglycemic-hypoglycemic clamp are shown in Figure 1 (panel B) and the incremental
change (Δ glucagon) is shown in Figure 2. In the initial study, median baseline glucagon
levels were 32 (quartiles: 23, 36) pg/mL (range; 20–58), peak glucagon levels during the
hypoglycemic phase were 47 (quartiles: 34, 72) pg/mL (range: 20–91) and the Δ glucagon
levels were 16 (quartiles: 4, 27) pg/mL (range: 0–55). The median (quartiles) Δ glucagon in
response to the MMTT in these T1DM subjects was higher [21 pg/mL (16, 30) for the initial
study and 25 pg/mL (16, 27) at the 1-year study] than in a group of age-matched normal
control children [9 pg/mL (5, 16); p=0.02 and p=0.004 for control vs. initial and 1-year
study, respectively](15).

Twenty T1DM subjects returned for the 1-year clamp test. At that time, baseline glucagon
levels during the course of the hyperinsulinemic-euglycemic-hypoglycemic clamp at one
year were 37 (31, 49) pg/mL (range; 20–72) and peak glucagon levels during the
hypoglycemic phase were 50 (42, 70) pg/mL (range: 30–88) with Δ glucagon of 12 (9, 19)
pg/mL (range: 1–53). There were no statistical differences between the glucagon responses
to hypoglycemia during the initial clamp and one year later.

Epinephrine Responses—Epinephrine levels during the course of the hyperinsulinemic-
euglycemic-hypoglycemic clamp are also shown in Figure 1 (panels C) and the Δ
epinephrine is shown in Figure 2. During the initial clamp, baseline epinephrine levels were
18 (quartiles: 13, 33) pg/mL and rose to a peak of 356 (quartiles: 174, 797) pg/mL with Δ

Arbelaez et al. Page 5

Pediatr Diabetes. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



epinephrine of 322 (quartiles: 143, 781) pg/mL (range: 6–1,451) for the T1DM. During the
clamp performed at 1-year, baseline epinephrine levels were 27 (18, 41) pg/mL and rose to a
peak of 469 (quartiles: 305, 595) pg/mL with Δ epinephrine of 440 (quartiles: 285, 574) pg/
mL (range: 9–1,255). There were no significant differences between the initial and the 1-
year levels for the baseline, peak or Δ epinephrine responses to hypoglycemia.

There was no significant correlation between the duration of diabetes and the baseline, peak
or Δ glucagon or epinephrine responses (data not shown). There was no significant
correlation between the HbA1c and the baseline, peak or Δ glucagon or epinephrine
responses (data not shown). There was also no significant correlation between the baseline
or peak glucagon and epinephrine responses at either the initial or the 1-year clamp.

Pre-Clamp Continuous Glucose Monitoring
The CGM glucose readings were recorded by the device but blinded to the study participant
in real time. Successful CGM use prior to each study was not a prerequisite for participation
and participants were still able to participate in the study even if they did not want to wear
the CGM or the CGM was not working prior to the hypoglycemic clamp procedure. In the
24-hour period preceding the initial clamp study, 14 subjects had a combined total of 288
hours (range per subject: 13–24 hours; median 22.5; mean±SD 20.5±4.1) of usable CGM
data. During this time, 13 of the 14 (93.9%) had no CGM glucoses that were ≤50 mg/dL and
overall only 1.7 hours (0.6% of the total hours) were spent with CGM glucoses ≤50 mg/dL
and only 13.0 hours (4.5% of the total) were spent with CGM glucoses ≤70 mg/dL. In the
24-hour period preceding the clamp performed at 12 months, 16 subjects had a combined
total of 330 hours (range per subject: 12.3–24; median 21.6; mean±SD 20.6±3.6) of usable
CGM data. During this time, 14 of the 16 (88%) had no CGM glucoses that were ≤50 mg/dL
and overall only 3.1 hours (0.9% of the total hours) were spent with CGM glucoses ≤50 mg/
dL and only 21.2 hours (6.4% of the total) were spent with CGM glucoses ≤70 mg/dL. Six
(6) subjects out of 14 dropped below 70 before the initial clamp study and 7 subjects out of
16 dropped below 70 at the 12 month follow up visit. Thus, there was little antecedent
hypoglycemia immediately preceding these clamp studies. An analysis comparing
epinephrine and glucagon responses during hypoglycemia between those who experienced
antecedent hypoglycemia before the clamp (CGM glucose <70 mg/dL in the 24 hours
preceding the clamp study) and those who did not suggested a lower increment in glucagon
(Δ glucagon) at the initial study and a lower peak and Δ epinephrine at the initial and 1-year
studies for those for those who did versus those who did not experience antecedent
hypoglycemia; however, these differences were not significant ((Δ glucagon, p=0.10) at the
initial study and a lower peak (p=0.29 for initial and p=0.24 for 12 month) and Δ
epinephrine (p=0.29 for initial and p=0.31 for 12 month) at the initial and 1-year studies for
those for those who did versus those who did not experience antecedent hypoglycemia)).

Comparison of Counterregulatory Hormone Responses in T1DM to Non-diabetic controls
The glucagon and epinephrine responses during the clamp study in the non diabetic controls
are shown in Figure 1 (glucagon: panel B, epinephrine: panel C) and the Δ glucagon and Δ
epinephrine responses to hypoglycemia in the T1DM subjects at the initial clamp study and
one year later and in the non-diabetic controls are shown in Figure 2. The baseline, peak and
Δ glucagon responses to hypoglycemia were lower in the T1DM subjects than the controls
(baseline for non-diabetic control: 43 (35, 54); peak: 93 (60, 111); Δ glucagon: 38 (19, 66) at
the initial time point (p=0.01 for baseline, p=0.002 for peak, p= 0.01 for Δ glucagon) and at
the 1-year time point (p=0.24 for baseline, p=0.008 for peak, p= 0.004 for Δ glucagon) (see
Figure 2). The epinephrine responses tended to be higher in the T1DM subjects than in the
non-diabetic controls, but this was not statistically significant (p=0.97 and 0.21 for Δ
epinephrine at initial and 1-year study versus controls, respectively).
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Conclusions
These data document blunted glucagon but not epinephrine responses to hypoglycemia
during the first year of T1DM. Thus, they extend earlier findings in adults (9, 10) and in
youth (12) to even earlier in the course of the disease than has been previously reported.
Even when, as a result of some residual endogenous insulin secretion early in the disease
process, iatrogenic hypoglycemia is relatively infrequent despite tight glycemic control (14),
patients with T1DM have a blunted glucagon response to hypoglycemia. At the same time,
they do not have a blunted epinephrine response to hypoglycemia, which is one of the
components of HAAF in diabetes (3, 7). This is in contrast to earlier reports by Hoffman et
al (11) that found lower epinephrine response in adolescents with very short-term diabetes.
However, in Hoffman’s study, the glucose nadir tended to be higher in the short-term T1DM
subjects than in the non-diabetic controls suggesting that the apparent difference in glucose
nadirs, though not significantly different, may have been biologically important. In our
study, using the hyperinsulinemic-hypoglycemia clamp technique, the glucose nadirs was
identical (54 ± 3, 55 ± 6 and 57 ± 7 mg/dL) in the T1DM initial and 1-year studies and in the
control subjects, respectively. In addition, Hoffman et al did not assess their subjects for
hypoglycemia preceding their study procedures and, therefore, the reduced epinephrine
responses could have been a result of antecedent hypoglycemia.

Our subjects were not formally assessed for the second component of HAAF, impaired
awareness of hypoglycemia, but the normal (or perhaps exaggerated) plasma epinephrine
responses to hypoglycemia suggest that they would likely have intact sympathoadrenal
responses and were, therefore, likely aware of hypoglycemia (3, 7). Thus, despite blunted
glucagon responses to hypoglycemia during this early stage of diabetes, HAAF, with
antecedent hypoglycemia-induced blunting of epinephrine and symptom responses to
hypoglycemia, is uncommon in this group of recent-onset youth with T1DM and little
antecedent hypoglycemia (17).

These data suggest that the mechanisms of the reduced glucagon response and that of the
attenuated adrenomedullary and sympathetic neural responses to hypoglycemia in
established HAAF in T1DM are different (3, 7, 18). Although the precise mechanism is
unknown, attenuation of the sympathoadrenal response is generally considered to be the
result of recent antecedent iatrogenic hypoglycemia whereas the loss of the α-cell glucagon
response to hypoglycemia has been attributed to β-cell failure (18). The mechanism has not
been investigated in this study. However, we did find that the loss of the glucagon response
to hypoglycemia is not the result of loss of α-cells since the glucagon response to a MMTT
is not lost and indeed may be exaggerated (15). In addition, there was no significant
correlation between the loss of glucagon response to hypoglycemia and the exaggerated
glucagon response after the MMTT (data not shown). In addition, others have shown that
the glucagon response to arginine persists even after the response to hypoglycemia has
become blunted or absent (9, 12, 19).

Limitations of this study include the absence of an age-matched non-diabetic control group
for the hypoglycemic clamp study, and the fact that, unlike the patients with T1DM, the
nondiabetic subjects were all studied at one institution. Furthermore, although the total
sample size was sufficient to demonstrate the reduced glucagon response, the number of
subjects in each diabetes duration group was too small to confirm or deny the impression
that the glucagon response was equally reduced early and late during the first or second
years after diagnosis of T1DM, too small to adequately compare the relationship to HbA1c
and too small to compare the responses in those with or without antecedent hypoglycemia
with certainty.
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In conclusion, these data document that the glucagon, but not the epinephrine, response to
hypoglycemia is blunted even within the first year of T1DM diagnosis. The mechanisms for
the blunted glucagon response to hypoglycemia and the blunted epinephrine response appear
to be different.
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Figure 1.
Boxplots of plasma glucose (A), glucagon (B) and epinephrine (C) concentrations during a
hyperinsulinemic (2.0 mU · kg−1 · min−1) euglycemic, hypoglycemic clamp in non-diabetic
controls, T1DM children at beginning of the study, and T1DM children 1 year later. At both
the initial and 1-year studies glucagon were lower in the T1DM subjects (p= 0.01) compared
with controls during hypoglycemia. Glucagon (p=0.004), but not the epinephrine (p=0.21),
response to hypoglycemia are blunted within the first year of T1DM diagnosis. The top and
bottom of the boxes represent the 75th and 25th percentiles, respectively. The horizontal line
within each box represents the median and the dot represents the mean.
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Figure 2.
Dot plots of incremental counterregulatory hormone response to hypoglycemia: Glucagon
(ΔGlucagon) and Epinephrine (ΔEpinephrine) during hyperinsulinemic euglycemic
hypoglycemic clamp in children with T1DM at initiation of the study, at 1 year of the study
and in non-diabetic controls. The horizontal lines on data points represents the median.
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Table 1

Clinical characteristics of the Participants at the time of entering the study.

Diabetic Subjects Non-diabetic Control Subjects

Number 25 16

Age (years) (Mean±SD) [Range] 13.4±2.7 [9.0–18.1] 23.3±1.8 [19–25]

Female 9 (36%) 8 (50%)

Race/Ethnicity

 White 16 (64%) 10 (63%)

 African American 5 (20%) 4 (25%)

 Hispanic/Latino 2 (8%) 1 (6%)

 Asian 2 (8%) 1 (6%)

BMI (kg/m2) median (quartiles) 20.9 (17.9, 23.1) 21.7 (19.4, 24.5)

Time since onset T1DM

 6–13 weeks 5 (20%) --

 14–26 weeks 7 (28%) --

 27–39 weeks 7 (28%) --

 40–52 weeks 6 (24%) --

Insulin Modality

 MDI 22 (88%) --

 CSII 3 (12%) --

HbA1c (%) (Mean±SD) [Range] 6.6±0.8 [5.3–8.6] --
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