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The Investigation of Plasma Glucagon-like Peptide-1 Levels in Newly Diagnosed Type
1 Diabetic Children
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ABSTRACT

Objective: To reveal the possible role of glucagon-like peptide-1 (GLP-1) in newly diagnosed Type 1
diabetic children. 
Methods: Twenty-five newly diagnosed children and 22 healthy children were included in the study.
Results: In oral glucose tolerance tests, no correlation was observed between C-peptide and GLP-1
levels at 0 and 30 minutes, and plasma GLP-1 levels in both groups at 0 and 30 minutes were not statis-
tically different.
Conclusion: Consequently, fasting and postprandial GLP-1 levels in newly diagnosed Type 1 diabetic
children are not different from healthy children. Glucagon-like peptide-1 levels in newly diagnosed Type
1 diabetic children suggest that plasma GLP-1 levels do not have any role in the pathogenesis of Type 1
diabetes mellitus.
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Investigación de los Niveles Plasmáticos del Péptido-1 Similar al Glucagón en Niños
Recientemente Diagnosticados con Diabetes Tipo 1

B Uslu1, F Gurbuz2, F Temiz2, B Yuksel2, N Mungan2, AK Topaloglu2

RESUMEN

Objetivo: Revelar el posible papel del péptido-1 similar al glucagón (GLP-1) en recientemente diagnos-
ticados con diabetes tipo 1.
Métodos: Veinticinco niños recientemente diagnosticados con diabetes tipo 1 y 22  niños sanos, fueron
incluidos en el estudio.
Resultados: En las pruebas orales de tolerancia a la glucosa, no se observó correlación entre el péptido
C y los niveles de GLP-1 en 0 y 30 minutos, y los niveles plasmáticos de GLP-1 en ambos grupos en 0 y
30 minutos no fueron estadísticamente diferentes.
Conclusión: En consecuencia, los niveles de GLP-1 en ayuno y postprandiales en niños diabéticos de tipo
1 recién diagnosticados, no son diferentes de los de los niños sanos.  Los niveles de péptido-1 similar al
glucagón en niños diabéticos de tipo 1 recién diagnosticados sugieren que los niveles de GLP-1 en plasma
no tienen ningún papel en la patogénesis de la diabetes mellitus tipo 1.
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INTRODUCTION
Type 1 diabetes mellitus develops as a consequence of pro-
gressive pancreatic beta cell destruction and associated loss of
function caused by uncontrolled autoimmune activities (1–3).
Gastrointestinal peptides, GIP (glucose-dependent insulino-
tropic polypeptide) and GLP-1 (glucagon-like peptide-1) are
incretin hormones released from the intestines in response to
food intake and they, in turn, increase insulin secretion (4, 5).
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Glucagon-like peptide-1 is synthesized in enteroendocrine cells
in the distal regions of the small intestine and colon (4, 6).  The
active incretin hormone GLP-1 (7-36) amide is a 30 amino acid
peptide that exerts glucoregulatory and insulinotropic actions
by functioning as an agonist for the GLP-1 receptor [GLP-1R]
(7, 8).  The main activator of GIP and GLP-1 is food intake.
The purpose of this study is to examine plasma GLP-1 levels
in children with Type 1 diabetes and to investigate and clarify
whether this parameter plays a role in aetiopathogenesis of the
disease.

SUBJECTS AND METHODS
This study was approved by the Ethics Committee of the
Cukurova University, Faculty of Medicine, Adana, Turkey.
Written informed consent was obtained from parents of each
patient.  The study included 25 prepubertal patients (16 boys
and 9 girls) recently diagnosed with Type 1 diabetes, aged
108.48 ± 29.66 months.  The control group consisted of 22
healthy children (11 boys and 11 girls), aged 92.4 ± 26.63
months. 

In the patient group, plasma and serum samples were
collected during the clinical onset of diabetes, at the time of
diagnosis when all patients were hospitalized due to diabetic
ketoacidosis, and were treated and educated on diabetes and
administration of insulin; samples from the control group were
collected during routine outpatient clinics.

In the patient group, three-hour postprandial oral glucose
tolerance test (OGTT) was performed after 24 hours following
improvement of ketoacidosis.  In the healthy group, eight-hour
pre-prandial OGTT was performed in the morning.  Glucose
solution containing 1.75 g/kg glucose (maximum 75 g) was
administered.

Gender, age (months), weight (kg) and height (cm) val-
ues of all cases were recorded. Body mass index (BMI) values
were calculated by the formula of weight (kg) ÷ height (m)2.
Plasma GLP-1 level was measured by Linco Research®

glucagon-like peptide-1 (active) RIA kit (Cat#GLP1A-35HK)
using radioimmunoassay method.  This kit is used to measure
quantitative values of biologically active GLP-1 [GLP-1 (7-
36) amide or GLP-1 (7-37) amide] in plasma. Analysis process
was performed as per recommendations of kit manufacturer.

SPSS (version 16.0) package programme was used in
statistical analysis. Parametric and nonparametric methods
were used in analysis where significance level was accepted
as 0.05. T-test and Wilcoxon test were performed according to
normal distribution criteria of dependent or independent vari-
ables in the groups.  In addition, correlation between the vari-
ables was analysed by Pearson correlation coefficient. 

RESULTS
Distribution of age, height, weight, BMI and glycated haemo-
globin (HbA1c) levels are presented in Table 1.  Furthermore,
the comparison of glucose, C-peptide and GLP-1 levels, and
the distribution of C-peptide and GLP-1 levels in groups are
presented in Tables 2 and 3.  No statistical difference was
found between C-peptide levels at 0 and 30 minutes in the pa-
tient group [p = 0.501].  In the control group, statistically sig-
nificant difference was found for C-peptide levels at 0 and 30
minutes [p < 0.001] (Table 4).

No statistically significant difference was found in GLP-
1 values at 0 and 30 minutes in the patient group [p = 0.319]
(Table 4).  In the control group, no statistically significant dif-
ference was found between GLP-1 levels at 0 and 30 minutes
[p = 0.211] (Table 4).

No correlation was observed between C-peptide and
GLP-1 levels at 0 minutes in the patient group (p = 0.551).  In
the control group, C-peptide and GLP-1 values at 0 minutes
were found not to correlate (p = 0.882).  Similarly, no correla-
tion was found between C-peptide and GLP-1 levels at 30 min-
utes in the Type 1 diabetes group (p = 0.958). C-peptide and
GLP-1 levels at 30 minutes in the control group were not cor-
related [p = 0.758] (Table 5).

Plasma Glucagon-like Peptide-1 Levels in Type 1 Diabetic Children

Table 1: Distribution of age, height, weight, BMI and HbA1c levels

Group Age Height Weight BMI HbA1c %
(months) (cm) (kg) (kg/m2) (mmol/mol)

Diabetic Mean 108.48 131.56 29.180 16.2676 12.2 (110)
group Median 117.00 135.00 30.00 15.9000 11.7 (104)
(n = 25) SD 29.664 15.210 10.77211 3.04103 2.34 (25.6)

Minimum 51 98 15.00 12.00 8.6 (70)
Maximum 169 156 61.50 25.00 17.6 (169)

Control Mean 92.41 121.86 24.2364 15.9564 4.93 (30)
group Median 98.50 125.00 24.50 15.6900 4.96 (31)
(n = 22) SD 26.631 13.566 7.21807 1.98756 0.20 (2.2)

Minimum 48 96 15.00 12.86 4.5 (26)
Maximum 132 140 42.00 21.40 5.26 (34)

BMI: body mass index; HbA1c: glycated haemoglobin; n: number of cases; SD: standard deviation
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Table 2: Comparison of glucose, C-peptide and GLP-1 levels of groups

Glucose (mg/dL) C-peptide (pg/mL) GLP-1
Groups (pg/mL)

0 30th 0 30th 0 30th

min min min min min min

Type 1 n 25 25 25 25 24 25
diabetic Mean 160.52 290.64 0.49276 0.51296 129.54 126.79
children Median 138.00 298.00 0.34700 0.35600 124.50 125.68

SD 94.425 118.432 0.461956 0.508572 16.973 12.165
Minimum 44 86 0.027 0.032 104 106
Maximum 407 526 1.960 2.430 162 164

Healthy n 22 22 22 22 22 20
children Mean 77.00 118.00 1.57955 3.65909 130.10 133.50

Median 78.00 116.00 1.23500 3.61000 126.50 128.00
SD 12.832 29.168 1.143200 1.408271 14.618 16.401
Minimum 33 61 0.306 1.120 102 109
Maximum 97 170 5.0 6.520 167 170

GLRI: glucagon-like peptide-1; min: minute, n: number of cases, SD: standard deviation

Table 3: Distribution of C-peptide and GLP-1 levels in groups

Groups Mean n SD

Type 1 diabetic children C-peptide 0 min 0.49276 25 0.461956
(pg/mL) 30th min 0.51296 25 0.508572

GLP-1 0 min 129.54 24 16.973
(pg/mL) 30th min 126.79 24 12.165

Healthy children C-peptide 0 min 1.57955 22 1.143200
(pg/mL) 30th min 3.65909 22 1.408271

GLP-1 0 min 130.10 20 14.618 
(pg/mL) 30th min 133.50 20 16.401

GLP-1: glucagon-like peptide-1; min: minute; n: number of cases; SD: standard deviation

Table 4: Distributions of differences between GLP-1 levels of 0 and 30 minutes and C-peptide levels of 0 and 30
minutes

Mean SD Minimum Maximum p

Type 1 ∆C-peptide 0.0202 0.479033 -2.17935 0.177535 0.501
diabetic (pg/mL)
children

∆GLP-1 -2.750 18.385 -5.013 10.513 0.319
(pg/mL) 

Healthy ∆C-peptide 2.079545 1.327615 -2.668177 -1.490914 < 0.001 
children (pg/mL)

∆GLP-1 3.400 24.705 -14.962 8.162 0.211
(pg/mL)

GLP-1: glucagon-like peptide-1; min: minute; ∆: difference between 0 and 30th minute; SD: standard deviation
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No correlation was found between mean ages of the
groups and GLP-1 levels at 0 and 30 minutes (p = 0.999 and p
= 0.650, respectively).  No correlation was determined between
mean weights of the groups and GLP-1 levels at 0 and 30 min-
utes (p = 0.123 and p = 0.549, respectively). Mean heights of
the groups and GLP-1 levels at 0 and 30 minutes were not cor-
related (p = 0.793 and p = 0.449, respectively).  No correla-
tion was observed between mean BMI values of the groups
and GLP-1 levels at 0 and 30 minutes (p = 0.273 and p = 0.937,
res-pectively).  No correlation was found between mean HbA1c
percentages in the groups and GLP-1 levels at 0 and 30 min-
utes (p = 0.370 and p = 0.130, respectively).  Blood glucose
values at 0 and 30 minutes were found to not correlate with
GLP-1 levels at 0 and 30 minutes (p = 0.627).  Since no cor-
relation was detected with any of the variables, regression
analysis was not performed.

DISCUSSION
Up to this date, most of the studies conducted on GLP-1 were
performed on adult Type 2 diabetic patients.  Studies regarding
GLP-1 in Type 1 diabetes cases are scarce (9). Since Type 1
diabetes constitutes more than 90% of all diabetes cases in
childhood, we performed the current study on children with
Type 1 diabetes.

Greenbaum et al (10) compared individuals with dis-
turbed glucose tolerance and Type 1 diabetes patients with a
control group.  In both, evaluations were performed following
intravenous glucose tolerance test (IVGTT) and OGTT.  Simi-
lar to the current study, fasting and postprandial plasma GLP-
1 concentrations were determined to be similar.  Evaluation of
incretin activity revealed a more significant increase in insulin
levels in the control group; they concluded that discrepant
effects of GLP-1 on insulin levels observed in control and
diabetic groups, despite similar GIP and GLP-1 levels, are re-
lated to inadequate GLP-1 activity in diabetic patients. 

Lugari et al (11) evaluated plasma glucose, insulin, C-
peptide and GLP-1 levels at 0, 30 and 60 minutes following a
230-calorie meal in 16 Type 1 diabetic patients, 14 Type 2 di-
abetic patients and 10 healthy individuals as the control group.
Among Type 1 diabetic patients, basal GLP-1 level was meas-
ured as 106.5 ± 1.5 pg/mL but similar to results in the current
trial, no statistical difference was found between postprandial
and basal GLP-1 levels (p > 0.05).  They concluded that dis-
turbance of glucose sensitivity to intestinal L cells and associ-
ated decrease in GLP-1 release is one of the underlying causes
of chronic hyperglycaemia and insulin deficiency (11).

In a study conducted by Meneilly et al (12) on Type 1 di-
abetic adult patients, fasting and postprandial GLP-1 and C-

Table 5: Correlation of GLP-1 and C-peptide levels between groups

C-peptide GLP-1
Groups

0 min 30th min 0 min 30th min

C-peptide 0 min Pearson correlation 1 0.516** 0.128 0.049
p 0.008 0.551 0.818
n 25 25 24 25

30th min Pearson correlation 0.516** 1 0.093 -0.011
p 0.008 0.664 0.958
n 25 25 24 25

GLP-1 0 min Pearson correlation -0.128 0.093 1 0.237
p 0.551 0.664 0.264
n 24 24 24 24

30th min Pearson correlation 0.049 -0.011 0.237 1
p 0.818 0.958 0.264
n 25 25 24 25

C-peptide 0 min Pearson correlation 1 0.474* -0.034 0.057
p 0.026 0.882 0.807
n 22 22 22 20

30 min Pearson correlation 0.474 1 -0.074 -0.072
p 0.026 0.743 0.758
n 22 22 22 20

GLP-1 0 min Pearson correlation -0.034 -0.074 1 -0.445*
p 0.882 0.743 0.043
n 22 22 22 20

30 min Pearson correlation 0.057 -0.072 -0.445* 1
p 0.807 0.758 0.043
n 20 20 20 20

GLP-1: glucagon-like peptide-1; min: minute; n: number of cases
*Meaningful critical value for correlation: 0.05
**Meaningful critical value for correlation: 0.01
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peptide responses following a mixed meal were evaluated.
Fasting GLP-1 level was measured as 102.24 ± 9.89 pg/mL
while postprandial values after infusion was measured as
494.72 ± 56.06 pg/mL.  No difference was found in C-peptide
responses.  As a conclusion, the authors suggested that nil
response in C-peptide values, despite an increase in GLP-1 lev-
els, is due to a deficiency of beta cell response to GLP-1 (12).
Limb et al (13) implemented an analysis on two groups of
healthy individuals with an age range of 15–28 years with the
aim of evaluating the effect of oral and intravenous glucose on
GLP-1 release.  While intravenous glucose loading was per-
formed in one group until the blood glucose levels reached 125
mg/dL, oral glucose of 30 g was administered in the other
group.  No difference was found between the two administra-
tion paths of glucose in terms of effect on GLP-1 and this was
associated with administration of oral glucose instead of the
mixed meal test (13). 

Similarly, in the current trial, we could have obtained
different GLP-1 levels if a mixed meal was used instead of oral
glucose. Glucagon-like peptide-1 concentrations in circulation
begin to increase after 15 minutes following food intake.  Peak
concentration of GLP-1 was achieved in 30–45 minutes.  It de-
creased to basal levels after two to three hours (14).  Similar to
results of the current trial, sampling for GLP-1 response to oral
glucose was performed at 30 minutes. In contrast to our ex-
pectations of increased plasma GLP-1 levels as a response to
glucose intake in Type 1 diabetes, we found decreased plasma
GLP-1 levels at 30 minutes as compared to fasting plasma
GLP-1 values, though the decrease was minimal.  A small in-
crease was detected in plasma GLP-1 levels in the control
group.  However, no statistically significant difference was
found for GLP-1 levels at 0 minutes (fasting) and at 30 minutes
following oral glucose tolerance test in both groups.  In addi-
tion, no difference was observed between the two groups in
terms of change in GLP-1 values.  A limited correlation was
determined between GLP-1 levels at 0 and 30 minutes in the
control group (rp = 0.043).  Assessment of correlation with C-
peptide revealed no correlation between GLP-1 and C-peptide
levels.  In evaluation of serum C-peptide levels, an increase
was observed in C-peptide release as a response to glucose in
the control group, as expected; however, no statistically sig-
nificant difference was found in release of C-peptide in the
Type 1 diabetes group due to insufficient or no synthesis of in-
sulin.

Results of several studies indicated lower GLP-1 levels
in diabetic patients; however, plasma levels similar to healthy
individuals were determined in other trials.  Besides, since
most of the studies were conducted on adult Type 2 diabetic
patients, further trials are required to reach implicit conclu-
sions regarding the role and significance of changes in plasma
GLP-1 levels on aetiology of Type 1 diabetic patients; never-
theless, we believe that our study is important in terms of pro-
viding an insight on this topic. 

Since GLP-1 is a hormone released from the intestines as
a response to food intake, mechanical factors like amount and

content of food and physiological factors like structure and in-
tegrity of intestinal lumen are indicated as factors with an im-
pact on plasma GLP-1 levels.  In light of these factors, our
results indicating higher fasting plasma GLP-1 levels as com-
pared to values indicated in other trials may be associated with
greater ratios of intestinal length to body length in children, as
opposed to adult patients.  Very high plasma GLP-1 levels in
patients diagnosed with intestinal hyperplasia associated with
neuroendocrine tumours support this explanation.  Glucagon-
like peptide-1 levels are especially important in studies evalu-
ating intestinal pathologies; however, the therapeutic role of
supraphysiological GLP-1 doses is more relevant in diabetes,
rather than plasma levels.

In conclusion, no difference was found in GLP-1 levels,
both in healthy and in diabetic children.  Therefore, we did not
observe a significant effect of plasma GLP-1 levels released
as a response to oral glucose intake on pancreatic insulin syn-
thesis immediately following the diagnosis. Acute insulin re-
sponse to GLP-1 is lacking in this phase of Type 1 diabetic
patients (15).  As a subsequent study to this one, a study as-
sessing corresponding values in the first month and during the
honeymoon stage may provide relevant stimulating data.
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