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Glucagon-like peptide-1 profile during oral 
glucose tolerance test in young people

ABSTRACT
Introduction. Currently, a major social problem is the 
occurrence of insulin resistance and metabolic disorders, 
which are risk factors for the development of type 2 
diabetes. Particularly disturbing are the reports of an 
increasing number of such disorders in young people.
The carbohydrate metabolism is regulated by neuro-
hormonal mechanisms and insulin plays a major role 
in maintaining glucose homeostasis. Its secretion is de-
termined by the current glucose concentration and the 
action of incretin hormones. The incretin effect describes 
the phenomenon whereby oral glucose elicits higher in-
sulin secretory response than does the same intravenous 
glucose administration. This effect is visibly defective in 
patients with carbohydrate metabolism disorders.
Objective. The aim of the study was to analyse the 
glucagon-like peptide 1 (GLP-1) concentration profile 
during the extended (three-point) oral glucose toler-
ance test (OGTT) and to assess its relationship to OGTT 
curve shape after 75 g glucose load and presence or 
absence of metabolic syndrome (MS) features in young, 
potentially healthy individuals.
Material and methods. The study group consisted of 
53 volunteers (40 women and 13 men) aged 19–28 
years, with normal fasting blood glucose and normal 
glucose tolerance. Body mass, waist circumference, 

blood pressure, glucose, insulin, triglycerides, total 
and HDL cholesterol, GLP-1 and hsCRP concentrations 
were measured in the fasting state. Glucose, insulin 
and GLP-1 levels were also measured at 60 and 120 
min after oral administration of 75 g of glucose. The 
results were analysed in subgroups based on the time 
required to return to fasting levels of blood glucose 
and the number of identified features of MS.
Results. Comparison of the results obtained in the 
fasting state and at 60 and 120 min of the extended 
OGTT showed no significant differences in glucose and 
GLP-1 concentrations, whereas fasting plasma insulin 
concentrations were significantly lower than those 
observed at 60 and 120 min of the OGTT. Neither the 
time for blood glucose to return to fasting values nor 
the number of metabolic syndrome features were 
associated with significant differences in GLP-1 con-
centrations between the groups analysed at any of the 
measurement points (fasting state, 60 and 120 min of 
the OGTT). Only the tendency to lower GLP-1 values 
was observed in the group of patients with the MS.
Conclusions. Our observations may suggest that GLP-1 
level measurements are not useful in determining the 
insulin response profile after glucose oral administra-
tion in young people without apparent carbohydrate 
disorders, but they may indicate disturbances in the 
incretin effect in subjects with MS. Our study will be 
continued with a larger number of volunteers to pro-
vide a more detailed mechanism of the regulation of 
insulin secretion by incretins and the potential role of 
GLP-1 in the development of MS in young people. (Clin 
Diabetol 2017; 6, 5: 151–158)
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Introduction
The carbohydrate metabolism is regulated by 

neurohormonal mechanisms and the main role in main-
taining glucose homeostasis is played by insulin, the 
secretion of which is determined by the current glucose 
concentration and the action of incretin hormones, 
such as glucagon-like peptide-1 (GLP-1) and glucose-
-dependent insulinotropic peptide (GIP). Incretin hor-
mones are components of the intestinal-pancreatic axis 
and play an important role in postprandial increase in 
insulin secretion by b-cells of the pancreas. These hor-
mones are responsible for the so-called ‘incretin effect’, 
which consist in a significantly stronger insulin response 
to oral intake of glucose-containing food than to the 
same amount of glucose administered intravenously 
[1, 2]. Meal ingestion stimulates L-cells of the mucous 
membrane of the small intestine to synthesise and 
secrete incretin hormones that reach the pancreatic 
b-cells through the blood vessels and stimulate insulin 
secretion even before the glucose concentration in the 
intercellular fluid of the pancreatic is increased [3]. 

The glucagon-like peptide-1 acts by linking to spe-
cific GLP-1R receptors that are located on pancreatic 
islet cells, as well as in the digestive system, kidneys, 
lungs, blood vessels, heart and brain. In the pancreas, 
GLP-1 stimulates b-cells to insulin synthesis by inducing 
expression of the corresponding gene [4]. In addition, it 
has the ability to stimulate the proliferation and differ-
entiation of b-cells and protects them against apoptosis 
[5]. The glucagon-like peptide-1 exerts a hypoglycaemic 
effect also by inhibiting glucagon secretion from the 
pancreas and delaying the passage of gastrointestinal 
content from the stomach to the small intestine. Oral 
administration of glucose results in a greater and faster 
GLP-1 secretion than taking a mixed solid meal [6]. Of 
particular importance is the fact that GLP-1 stimulates 
insulin secretion mainly in hyperglycaemic state and 
has negligible insulinotropic effect on pancreatic b-cells 
in the state of normoglycaemia, which prevents from 
hypoglycaemia [7]. The increase in GLP-1 concentration 
is observed in both lean and obese patients after a meal 
or oral glucose load [8]. Reduction of the incretin, i.e. 
decreased GLP-1 secretion with normal GIP secretion, is 
observed in subjects with concomitant impaired fasting 
glycaemia (IFG) and impaired glucose tolerance (IGT) 
and in patients with type 2 diabetes [9]. 

Recent studies point out the increasingly high 
prevalence of insulin resistance and metabolic disor-
ders in populations of industrialized countries [10], 
and particularly alarming are the reports indicating 
the occurrence of these disorders in an increasing 
number of young people [11]. The problem is all the 
more important because many of them are not aware 

of their condition and do not undergo regular prophy-
lactic examinations [12]. The basis for the diagnosis of 
carbohydrate metabolism abnormalities remains the 
two-point oral glucose tolerance test (OGTT), which 
nevertheless does not show the dynamics of blood 
glucose changes. Recent reports, however, highlight the 
usefulness of blood glucose measurements at several 
OGTT time points in detecting carbohydrate disorders 
[13]. Data from the literature show that in subjects 
with blood glucose values in the fasting state and at 
120 min of the OGTT suggestive of lack glucose me-
tabolism abnormalities the glycaemic curve may have 
different shapes depending on the ability to release 
insulin and tissue sensitivity to insulin. It is estimated 
that the incretin effect is responsible for up to 70% for 
postprandial insulin secretion [14]. 

In the available literature there are only scarce 
data on changes in the GLP-1 profile during the OGTT 
[8, 15, 16] and its relation to the presence of a vari-
able number of features determining the diagnosis of 
metabolic syndrome (MS). However, there are no stud-
ies that refer to changes in GLP-1 levels depending on 
the time required for return of blood glucose values to 
fasting level and the shape of the curve. Both of these 
parameters, i.e. the rate of blood glucose fall in the 
postabsorptive state and the presence of MS features, 
are closely related to the severity of insulin resistance 
of tissues. In this aspect, the analysis of GLP-1 profile 
in the course of the extended (three-point) OGTT in 
young, potentially healthy people and the assessment 
of relationship between GLP-1 and the presence or 
absence of MS features in this group seems interesting. 

Material and methods
The study group consisted of 53 volunteers (40 

women and 13 men) aged 19–28 years. Participa-
tion in the study was voluntary and the approval of 
the Bioethics Committee at the Medical University of 
Wrocław (KB No. 194/2009) was obtained. A ques-
tionnaire survey, as well as anthropometric, clinical 
and laboratory examinations were performed in all 
participants. The physical examination included basic 
anthropometric (height, body weight, waist circumfer-
ence) and blood pressure measurements. Laboratory 
tests included measurements of blood glucose, insulin, 
GLP-1, lipid profile (total cholesterol, HDL cholesterol 
and triglyceride levels were measured, LDL cholesterol 
level was calculated) and high-sensitivity C-reactive 
protein (hsCRP) were determined. Patients with good 
overall health, without hyperglycaemia in the fasting 
state or after glucose load, who had not been previously 
diagnosed with MS, met the inclusion criteria. Exclu-
sion criteria included a history of glucose intolerance 
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or diabetes, hypertension or taking antihypertensive 
drugs, hypercholesterolaemia or taking lipid-lowering 
drugs, liver or kidney failure. In addition, excluded from 
the participation in the study were also people with  
a history of cancer, those who had acute infections dur-
ing the 2 weeks preceding the study or were taking an-
tiallergic drugs during the 3 months preceding the study. 
Additional exclusion criteria were fasting blood glucose 
≥ 126 mg/dL, serum hsCRP protein level ≥ 10 mg/L  
and peripheral blood leukocyte count ≥ 10.0 G/L. 

The OGTT was performed in accordance with the 
recommendations of the Diabetes Poland [17], with 
a modification of taking an additional blood sample 
at 60 min after glucose load. Laboratory tests were 
performed on venous blood samples collected during 
the three-point 75-g OGTT, i.e. in the fasting state and 
at 60 and 120 min of the test. Fasting venous blood 
samples were collected using a Sarstedt Monovette 
closed system (Germany) to 3 tubes: two containing 
EDTA-K3 and another one containing a clot activator. In 
the whole-blood sample, complete blood counts were 
performed, while glucose and GLP-1 levels were meas-
ured in plasma. Serum lipid profile, insulin and hsCRP 
were also determined. In the samples taken at 60 and 
120 min of the test, plasma glucose and GLP-1 as well 
as serum insulin were measured. Biochemical assays 
were made using the Konelab 20i biochemical ana-
lyser (ThermoScientific, USA). Peripheral blood counts 
were performed using the Cell-Dyn 1800 haematology 
analyser (Abbott, USA). The insulin concentration was 
determined by immunoenzymatic reagent kit from 
DRG Diagnostics (Germany) and the concentration of 
GLP-1 was determined by immunoenzymatic method 
(Yanaihara Institute Inc., Japan) using MR-96A micro-
plate reader (Mindray, China).

Statistical analysis
Statistical analysis of the obtained results was 

performed using Statistica 12, PL software package 
(StatSoft, USA). Measurement results are presented as 
median with 25–75% range of observed values (lower 
and upper quartile) and minimum and maximum val-
ues. For all continuous variables, the normality of the 
distribution was assessed using the Shapiro-Wilk test. 
The Kruskal-Wallis ANOVA for independent variables 
and Friedman’s ANOVA for dependent variables were 
used for the comparative analysis of the results. In 
all tests used, observed differences were considered 
statistically significant at p < 0.05. 

Results
First, anthropometric, clinical and biochemical 

parameters were analysed, taking into account the 

participants’ gender, as shown in Table 1. Physiologi-
cally significant higher levels of HDL cholesterol were 
found in women; whereas men had significantly higher 
waist circumferences. In addition, men were character-
ized by significantly higher systolic blood pressure and 
triglycerides. 

Table 2 summarizes the values of blood glucose, 
insulin and GLP-1 measured in the fasting state and at 
60 and 120 min of the OGTT in the examined group 
of young people together with the statistical analysis. 
Distribution of fasting and 60- and 120-min post-load 
GLP-1 levels in the study group is shown in Figure 1. 

The analysis of the results obtained in the fasting 
state and at 60 and 120 min of the extended OGTT 
did not show any significant differences in glucose 
and GLP-1 levels. In contrast, fasting insulinaemia was 
significantly lower than the values obtained at 60 and 
120 min of the OGTT.

Next, the profile of changes in GLP-1 concentra-
tions during the extended OGTT was analysed in sub-
groups defined on the basis of differences in the time 
required for blood glucose to return to fasting values 
during the OGTT. The analysis was carried out in three 
groups designated as 1, 2 and 3, respectively. Group 1 
consisted of 26 people whose blood glucose returned 
to fasting levels before 60 min of the OGTT. Group 2 
included 13 people whose blood glucose returned to 
fasting levels between 60 and 120 min of the OGTT. 
Group 3 consisted of 13 people in whom blood glu-
cose did not return to fasting values before 120 min 
of the OGTT. The results of this analysis are presented 
in Table 3. 

In none of the analysed groups (1, 2, 3) defined 
on the basis of the time for blood glucose to return to 
fasting values, significant changes were found when 
analysing fasting and post-load concentrations of 
GLP-1. However, it was observed that GLP-1 levels at 
60 and 120 min of the OGTT decreased with increase 
in time required to return to fasting values of blood 
glucose. The results analysed within a given group were 
characterized only by a downward trend compared 
with the fasting levels, and in each group the lowest 
values were observed at 60 min of the OGTT. There 
were no significant differences in the GLP-1 concentra-
tion between the analysed groups at individual OGTT 
measurement points. The most evident trend toward 
decrease in GLP-1 levels at individual measurement 
points was found in group 3, but these changes were 
not statistically significant. 

In the next stage of the analysis, the study partici-
pants were divided into groups (marked as I, II and III 
respectively) depending on the number of MS features. 
The features of metabolic syndrome were identi-
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Table 1. Anthropometric parameters, lipid profile, inflammatory markers and blood pressure in the whole examined 
group and men and women analysed separately

Parameter All patients  

(n = 53)

Women  

(n = 40)

Men  

(n = 13)

p

Age (years) 22

(21–23)

(19–28)

22

(21–23)

(19–26)

23

(21–24)

(20–28)

0.056

Waist circumference [cm] 79

(72–83)

(65–107)

76

(72–82)

(65–92)

86 

(82–96)

(76–107)

0.001

Total cholesterol [mmol/L] 4.1

(3.8–4.7)

(3.3–7.4)

4.1

(3.9–4.7)

(3.5–6.2)

4.2

(3.8–4.6)

(3.3–7.4)

0.914

HDL cholesterol [mmol/L] 1.4

(1.2–1.6)

(0.8–2.3)

1.5

(1.3–1.6)

(1.0–2.3)

1.0 

(1.0–1.2)

(0.8–1.4)

0.000

Triglycerides [mmol/L] 0.9

(0.6–1.4)

(0.4–2.6)

0.8

(0.6–1.2)

(0.4–2.2)

1.0 

(0.8–1.7)

(0.7–2.6)

0.044

Systolic blood pressure [mm Hg] 110

(105–120)

(90–140)

109

(103–119)

(90–140)

116 

(110–125)

(110–140)

0.008

Diastolic blood pressure [mm Hg] 71

(70–80)

(55–90)

70

(70–80)

(55–90)

77

(70–80)

(70–90)

0.136

Leukocytes [G/L] 6.3

(5.5–7.2)

(3.4–8.9)

6.2

(5.5–7.1)

(3.4–8.9)

6.5

(6.0–7.9)

(4.5–8.3)

0.441

hsCRP [mg/L] 0.73

(0.31–1.65)

(0.01–9.85)

0.90

(0.32–2.43)

(0.01–9.85)

0.54

(0.01–0.82)

(0.01–1.06)

0.104

Results are presented as median with 25–75% range of observed values (lower and upper quartile) and minimum and maximum values

Table 2. Values of blood glucose, insulin and GLP-1 levels in the fasting state and at 60 and 120 min of the OGTT in all 
examined persons

Parameter Oral glucose tolerance test p

Fasting state 60 min 120 min

Glucose [mmol/L] 5.0

(4.8–5.3)

(4.2–5.5)

5.3

(4.3–6.3)

(3.0–8.5)

5.0

(4.3–5.9)

(2.5–6.9)

NS

Insulin [µIU/mL] 11.0

(8.6–13.9)

(2.9–30.9)

49.0

(28.8–67.9)

(12.3–166.9)

37.2

(27.6–56.9)

(7.2–94.5)

< 0.001

GLP-1 [ng/mL] 6.14

(4.50–7.93)

(2.74–29.65)

5.28

(4.28–7.06)

(1.33–34.00)

5.99

(4.57–7.59)

(2.60–32.20)

NS

Results are presented as median with 25–75% range of observed values (lower and upper quartile) and minimum and maximum values
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fied based on the International Diabetes Federation 
(IDF) 2009 criteria, i.e., waist circumference ≥ 80 cm  
for women and ≥ 94 cm for men, triglycerides  
≥ 1.7 mmol/L, HDL cholesterol < 1.3 mmol/L for women 
and < 1.0 mmol/L for men, systolic blood pressure  
≥ 130 mm Hg and/or diastolic blood pressure ≥ 80 mm Hg,  
and fasting blood glucose ≥ 5.5 mmol/L. Metabolic 
syndrome was diagnosed if at least three of the above 
five features were present [18]. 

The participants of the study were assigned to the 
following three groups: group I included 26 people who 
did not have any feature of MS; group II included 23 
people who had 1 or 2 features of MS; group III included 
4 people with MS identified based on the results of the 
examinations performed. The values of GLP-1 concentra-
tions measured during the OGTT (in the fasting state and 
at 60 and 120 after glucose load) were analysed in each 
group. The results of the analysis are presented in Table 4.

In none of the analysed groups (I, II, III) defined 
on the basis of the number of MS features, statistically 
significant changes between the fasting and post-load 
concentration of GLP-1 were found during the OGTT. 

Table 4. GLP-1 values at individual OGTT points according to the number of MS features

                                     Groups 

Measurement points

Group I Group II Group III p*

(no feature of MS) (1–2 features of MS) (diagnosed MS)

Fasting GLP-1 [ng/mL] 6.65 6.08 4.79 NS

(4.85–11.16) (4.65–8.93) (3.88–6.25)

GLP-1 at 60 min of OGTT [ng/mL] 5.89 5.27 4.84 NS

(4.52–8.9) (4.28–7.09) (4.08–5.27)

GLP-1 at 120 min of OGTT [ng/mL] 6.13 6.25 4.89 NS

(4.57–10.01) (3.70–7.36) (4.76–5.77)

p** NS NS NS

p* — comparison of GLP-1 concentrations between groups at a specific OGTT measurement point; p** — comparison of GLP-1 concentrations between 
individual OGTT measurement points within one group. Results are presented as median with 25–75% range of observed values (lower and upper quartile)

Table 3. Analysis of GLP-1 values at individual OGTT points according to the time taken to return to fasting blood glucose 
values during the OGTT

                                     Groups

Measurement points

Group 1 Group 2 Group 3 p*

< 60 min OGTT 60–120 min OGTT > 120 min OGTT

Fasting GLP-1 [ng/mL] 6.65 5.24 6.44 NS

(4.85–11.16) (3.70–7.72) (4.39–7.66)

GLP-1 at 60 min of OGTT [ng/mL] 6.12 5.11 4.52 NS

(5.00–9.36) (4.24–7.04) (4.01–5.58)

GLP-1 at 120 min of OGTT [ng/mL] 6.31 5.20 4.76 NS

(4.68–9.36) (4.29–7.01) (4.85–5.59)

p** NS NS NS

p* — comparison of GLP-1 concentrations between groups at a specific OGTT measurement point; p** — comparison of GLP-1 concentrations between 
individual OGTT measurement points within one group. Results are presented as median with 25–75% range of observed values (lower and upper quartile)

Figure 1. Distribution of GLP-1 concentrations measured in 
the fasting state and at 60 and 120 min of the OGTT in all 
participants of the study
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Figure 3. Median glucose, insulin and GLP-1 levels during the OGTT in groups (I, II, III) defined on the basis of the number of 
MS features

Figure 2. Median glucose, insulin and GLP-1 levels during the OGTT in groups (1, 2, 3) defined on the basis of the time required 
for blood glucose to return to fasting values

Only the downward trend in GLP-1 concentration was 
observed along with the increase in the number of MS 
features, and the lowest values were recorded in the 
group of people with diagnosed MS. There were no dif-
ferences in the concentration of GLP-1 within the ana-
lysed groups at individual OGTT measurement points. 

Changes in glycaemia, insulinaemia and GLP-1 
concentration during the OGTT, presented as medians 
of the analysed parameters in individual groups dis-
tinguished on the basis of the time required for blood 
glucose to return to fasting values (groups 1, 2, 3) 
and the identified number of MS features (groups I, II, 
III) are depicted in Figure 2 and Figure 3, respectively. 

Discussion
Glycaemic values observed after food intake or 

glucose load in the OGTT are the resultant of many 
factors, among which the most important are the rate 
of glucose utilization by peripheral tissues, pancreatic 

b-cell efficiency to secrete insulin as well as secretion 
and activity of incretin hormones related to the rate 
of gastrointestinal passage. These factors determine 
not only the magnitude of post-load change in blood 
glucose, but also the shape of the glycaemic curve 
and the time when the lowest and highest levels of 
blood glucose are observed [19, 20]. Glycaemic values 
measured in the fasting state and after glucose load 
in the OGTT are a useful predictor of diabetes develop-
ment in the future, and indirectly may also be useful in 
predicting MS due to the insulin resistance underlying 
the development of this disorder [21]. The San Antonio 
Heart Study showed that people with normal fasting 
glucose and normal OGTT result whose blood glucose 
values failed to return to fasting levels during the OGTT 
had an increased risk of developing diabetes in the 
future compared with those whose glycaemia returned 
to fasting values within 30, 60 or 120 min [22]. The 
only study regarding GLP-1 concentration at various 
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measuring points in the three-hour OGTT was carried 
out by Velasquez-Mieyer et al. [15] in a group of obese, 
otherwise healthy people, including among others 
Caucasians subjects. The curve illustrating changes in 
GLP-1 levels (in pmol/L) presented in this paper shows 
that there are no significant differences between values 
measured at different time points during the OGTT, 
which is consistent with our results (showed in ng/mL). 

It is very difficult to refer to the GLP-1 values from 
various studies because, even though commercially 
available ELISA assays are calibrated against the stand-
ards with the same concentration ranges (from 0 to 
50), the concentration units (ng/mL, pg/mL or pmol/L) 
are different [15, 16, 23, 24]. Recalculation leads to 
ambiguous results, making it impossible to compare 
the absolute values obtained by different authors. 
Discrepancies in the measured concentrations of GLP-1 
may be due to the lack of standardization of standards 
used to calibrate reagent kits for measuring GLP-1 level. 
For this reason, our analysis was limited to comparing 
changes in the GLP-1 profile during the OGTT.

In the analysed group of young people without 
carbohydrate metabolism disorders, no significant 
changes in GLP-1 concentration were found in any 
of the three measuring points of the extended OGTT. 
However, we observed significantly lower blood glucose 
values, especially at 60 min of the OGTT, compared 
to data from the literature [8]. Considering the small 
changes in glucose concentration during the OGTT 
in our study, it cannot be ruled out that a significant 
increase in GLP-1 concentration could take place within 
10–30 minutes of glucose loading, and rapid glucose 
uptake into peripheral tissues in people with normal 
metabolism carbohydrate prevented further stimulation 
of GLP-1 secretion. In addition, the rapid degradation of 
this incretin, occurring under the influence of dipeptidyl 
peptidase IV (DPP-4), could result in the lack of a dy-
namic change in GLP-1 concentration in the observation 
based on measurements made at 60-minute intervals. 

Analysis of GLP-1 concentrations in connection 
with the presence of a variable number of MS fea-
tures in young, potentially healthy people also did not 
show significant changes in the specified groups. At 
none of the OGTT measurement points was there any 
relationship between the GLP-1 concentration and the 
number of MS features, indicating that there is no such 
dependence among the examined young subjects, al-
though the incretin release is reduced in MS [25]. Howe-
ver, there was a downward trend in the concentration 
of GLP-1 in people diagnosed with MS compared to the 
other two groups, which may be related to the deterio-
ration of carbohydrate-lipid disorders along with the 
appearance of other features of MS. Different observa-

tions were made by Yamaoka et al. [26] who indicated 
a higher concentration of GLP-1 in patients with MS, 
but these studies concerned the Japanese population 
of 50-year-olds. Our observations require further study 
involving a larger number of young people, because 
MS was identified only in 4 participants of this study, 
which is why it has a pilot nature. 

Conclusions 
The results presented in this paper are interest-

ing due to the fact that both literature data and the 
results of our previous studies [12, 27, 28] indicate an 
increasing number of young people who are diagnosed 
with various types of metabolic disorders, which in the 
future may increase the prevalence of MS and type 2 
diabetes. The potential contribution of reduced release 
of incretins in the stage of pre-diabetes is important 
in the development of metabolic disorders. However, 
there are no significant differences between fasting 
GLP-1 levels and the levels of this incretin measured dur-
ing the OGTT in subjects with normal fasting glycaemia 
and normal glucose tolerance. These observations indi-
cate that GLP-1 level measurements are not useful for 
interpreting the insulin response profile after glucose 
oral administration in young people without apparent 
carbohydrate disorders, but they may be helpful in 
the assessment of MS development in this group of 
patients [26, 29]. Our study will be continued with a 
larger number of volunteers to provide a more detailed 
picture of the regulation of insulin secretion by incretins 
and the potential role of GLP-1 in the development of 
MS in young people.
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