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Abstract. Background and aim: Dysregulation of glucose metabolism is a common complication of  transfusions 
in Transfusion Dependent Thalassemia (TDT) patients. For early diagnosis of glucose disturbances, screening 
is recommended. The age of starting and the type of screening vary; the more common methods are assess-
ment of RPG, FPG, 2h PG and 2 hours OGTT. The combined assessment of glucose tolerance and insulin 
response during OGTT is rarely recommended. The main objective of the study is the evaluation of simul-
taneous assessment of Glucose Tolerance (GT) and Insulin Response (IR) during OGTT in patients with 
TDT. Methods: 43 TDT patients aged 12-28years, without clinical evidence of glucose disturbances, were 
randomly selected for the study. The 2-hour OGTT in 30 minutes intervals was applied. Plasma glucose and 
insulin were assessed in all samples using routine laboratory methods. Results: Of 43 patients 31(72%) had 
Normal GT; of them 9 (29%) had normal insulin response (NIR), 14 (45%) high IR and 8(26%) delayed peak 
IR. Delayed peak IR was found in 8 of the 9 patients with Impaired GT and in 2 of the 3 with diabetic GT. 
Deficient IR (hypoinsulinemia) was found in two patients. Conclusions: Simultaneous assessment of GT and 
IR during OGTT in TDT patients, seems to be a most sensitive and creditable screening test for early diag-
nosis of glucose disturbances. High IR and delayed peak IR in normoglycemic patients are valuable indices 
for diagnosis of the pre-diabetic state that precede the development of glucose disturbances in TDT patients 
and start proper follow and management. (www.actabiomedica.it).
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Introduction

Intensive therapy with frequent transfusions and 
chelation in patients with Thalassemia Major (TM) 
increased survival and improved patients’ quality of 
life. However, transfusions cause a series of compli-
cations of which the more common are related to 
iron overload. One of the complications of iron over-
load is the dysregulation of glucose metabolism. The 

pathogenetic mechanisms are not yet clearly defined, 
but the toxic effects of iron on pancreatic β- cells is 
certainly crucial (1, 2). Disturbances of glucose metab-
olism in TDT children start by the end of the first 
decade. After the first decade of life, the prevalence 
and severity of glucose disturbances increase gradually 
and are positively related to age and annual blood con-
sumption and negatively to compliance with chelation 
therapy (3, 4).
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Meta-analysis evaluation of 44 studies with 
16,605 TDT patients, screened mainly by OGTT 
reported a high prevalence of Impaired Fasting Glu-
cose (IFG), Impaired Glucose Tolerance (IGT), and 
Diabetic Glucose Tolerance (Diabetic GT) of 17.2 %, 
12.4 % and 6.5 % respectively. The prevalence of glu-
cose disturbances varied widely in these studies and 
were positively related to age and iron overload (5). 

 The current practice in following TDT patients 
above the age of 10 years, is to screen annually for 
glucose disturbances with main objectives the early 
diagnosis and treatment of disturbances. The screen-
ing strategy for abnormalities of glucose metabolism in 
TDT patients varies widely as regard to the methods, 
the age of starting and the intervals between screening. 
The most commonly used methods for screening are 
the random plasma glucose (RPG), fasting plasma glu-
cose (FPG), 2hours post-prandial glucose (2h- PG), 
and 2 hours oral glucose tolerance test (OGTT) (6). 
There are also wide variations for the age of starting 
screening as well for the rate of testing recommended 
by international and national committees. In an ICET-
A report, a table summarizing the recommendations 
of the most active relative committees is included (7). 
However, in clinical practice this is not rare. None of 
the committees, recommends (even optional) glucose 
tolerance (GT) combined with insulin response (IRsp) 
during OGTT.

To our knowledge publications on the patterns of 
insulin response during OGTT in TDT patients are 
not frequently reported.

In this study we report and analyze the data on 
the disturbances of glucose homeostasis in 43 TDT 
children and young people, evaluating the sensitiv-
ity and credibility of combined glucose tolerance and 
insulin response during OGTT for early diagnosis and 
management of glucose disturbances in TDT young 
patients. 

Patients and Methods

A total of 43 transfusion dependent children and 
young people with TM aged 12-20 years (except 3, 
aged 24, 24 and 28 years), without any clinical evi-
dence of glucose dysregulation were studied. The 

patients were on long term follow and treatment in our 
Unit and were randomly selected for this study on the 
combined glucose and insulin response during OGT 
testing. All patients followed the national protocol of 
treatment, receiving blood transfusions with 8-10 ml/
kg/BW packed red cells infused slowly, in intervals of 
2-3 weeks and chelation treatment with desferrioxam-
ine (DFO) 40-50 mg/kg/BW subcutaneously, based 
on the daily input of transfusional iron.

The study was designed to evaluate if there are 
advantages of combined assessment of glucose toler-
ance and insulin response during OGTT in screening 
TDT patients for early diagnosis and management of 
disturbances of glucose metabolism. 

In all patients the glucose tolerance (GT) and 
insulin response (IRsp) were simultaneously assessed 
during OGTT. The patients received 1.75 g/kg /BW 
(maximum dose 75g) of 33 % concentration of glu-
cose after an overnight fast. Venous blood samples for 
glucose and insulin determination were obtained right 
after oral glucose consumption and at intervals of 30 
minutes up to 2 hours. Plasma glucose and insulin were 
assessed by routine laboratory methods; the glucose 
oxidase method for plasma glucose and radioimmu-
noassay commercially available kits, for plasma insulin.

Based on the results of OGTT patients were clas-
sified in the following groups according to the criteria 
of American Diabetes Association(8):

A. Normal glucose tolerance (NGT) = Fast-
ing Plasma Glucose (FPG) ≤ 100ml/dl 
(≤ 5.6 mmol/L) and 2h PG <140mg/dl 
(<7.8mmol/L). 

B. Impaired glucose tolerance (IGT) = FPG 
>110 mg/dl (>6.1 mmol/L) and 2 h PG > 140 
mg/dl (>7.8 mmol/L) up to 199 mg/dl (11.1 
mmol/L).

C. Diabetic glucose tolerance (DGT) or Diabe-
tes Mellitus (DM) = FPG > 126 mg/dl (>7.8 
mmol/L) and 2 h PG ≥200mg/dl (>11, 1 
mmol/L.)

Based on the changes in insulin secretion (IS) lev-
els during OGTT in TDT patients, corresponding to 
pancreatic insulin reserves, patients were assigned in 
the four distinct patterns (types), used in our unit:
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i) Normal insulin secretion (NIS); ii) High insu-
lin secretion (HIS)-hyperisulinaemia (assessed on 
fasting plasma insulin secretion (FPIS) levels, fast-
ing plasma glucose levels and HOMA-IR (> 3.5); iii) 
Delayed insulin secretion (DIS) based on the time of 
peak insulin (at 60’and 90’) and levels >35μU/ml); and 
iv) Deficient or Low insulin secretion (LIS) with all 
insulin values during OGTT <30 μU/ml).

This classification is rather arbitrary, but con-
sidering the limited information on changes of insu-
lin response during OGTT in TDT patients at this 
period, proved valuable.

A number of studies relative to normal insulin 
response after an oral glucose dose or during OGTT in 
healthy children and adolescents have been published. 
Elrick et al described a new method for evaluating glu-
cose metabolism using an oral glucose load (9) while 
Reaven et al described the role of insulin resistance and 
insulin secretion in evaluating the results of OGTT in 
normal individuals (10). Other studies assessed the pedi-
atric reference values for insulin from OGTT and the 
prevalence of hyperinsulinenia in obese children (11, 12) .

Statistical Analysis

For our analysis, data are presented as means ± 
standard deviation. For the comparison between two 
groups, unpaired parametric t-tests were used. P values 
<0.05 were considered significant. Statistical analysis 
was performed and graphs were created using graph-
pad Prism version 8.

Ethics.

The Ethic Committee of Aghia Sophia Children 
Hospital approved permission for medical review, 
waiver of informed consent and anonymous pub-
lication of data, collected for routine diagnostic and 
treatment procedures, according to the Declaration of 
Helsinki.

Results

The classification of 43 TDT patients based on the 
results of glucose tolerance and insulin response (secre-
tion) in relation to age, are summarized in Table 1.

 Of 43 patients 31(72 %) had NGT; 9(21 %) IGT; 
and 3(7 %) diabetic GT. The severity and prevalence of 
glucose intolerance seems to increase with age. 

The analytical data (mean + SD) of glucose toler-
ance during OGTT in 43 patients are summarized in 
table 2, and illustrated in figure 1, while the relative 
data on insulin response (secretion) are presented in 
table 3 and figure 2.

The most interesting finding in this series of 
young patients with thalassemia is the wide changes 
in the pattern of insulin secretion in the group of 
patients with normal glucose tolerance. Only 9 (29 
%) had normal insulin secretion pattern, while 14 (45 
%) had high insulin secretion (hyper- secretion) and 8 
(26 %) had delayed peak insulin secretion (response) 
pattern. On the other hand none of the patients with 

Table 1. Classification of 43 TDT patients based on the evaluation of glucose tolerance and insulin response results during 
OGTT. Relation to age. 
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Table 2. Plasma glucose levels (mean ± SD) in mmol/L during OGTT in the three groups (NGT, IGT, Diabetic GT) of 43 TDT 
patients.

Table 3. Plasma insulin levels (mean ± SD) in μU/ml during OGTT in the four insulin response (secretion) patterns, in 43 TDT 
patients. I. Normal, II. High (Increased), III. Delayed, IV. Deficient.

Figure 1. Pattern of plasma glucose changes during OGTT in 
three groups of Glucose Tolerance (Normal, Impaired and dia-
betic) in 43 TDT patients.

diabetic glucose tolerance had delayed peak insulin 
response with a peak insulin level above 30μU/ml, 
at 90 minutes. Only one patient from each of the 
last two groups had low insulin secretion with insu-
lin peak levels below 30 μU/ml (hypoinsulinemia) 
(Table 3, figure 2). 

 Of interest is the fact that in the delayed peak 
insulin secretion pattern, the fasting and peak plasma 
insulin levels in patients with normal glucose toler-
ance, are lower compared to those with impaired and 
diabetic glucose tolerance. HOMA-IR homeostatic 
assessment in the delayed insulin pattern is normal 
(2.55) in NGT patients and high (4.12) in IGT 
patients; these findings indicate that the delayed peak 
insulin pattern consists of two subtypes, the one, in 
patients with NGT has normal insulin secretion and 
the other (the more severe) in patients with IGT has 
high-resistant insulin secretion (HOMA-IR 4.12) 
and is combined with impaired and diabetic GT 

impaired or diabetic glucose tolerance had normal or 
increased insulin secretion; the majority of patients 
(8/9) with impaired glucose tolerance and 2/3 with 
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disturbances. Furthermore, comparing the peak lev-
els of insulin between the two subtypes, it was found 
that the patients with IGT had statistically significant 
higher insulin levels (p=0.0017), with the peak of insu-
lin secretion occurring at 90 minutes versus 60 minutes 
in the milder subtype in normoglycaemic patients.

Discussion

It is well documented that carbohydrate tolerance 
declines with age in apparently normal individuals 
leading to a progressive rise of blood glucose. Dis-
turbances of glucose homeostasis vary from increased 
insulin resistance and mild glucose intolerance to overt 
diabetes mellitus (3). In TDT patients, glucose intol-
erance has been showed to start by the end of the first 
decade of life and since then, glucometabolic status is 
characterized by a deterioration of glucose tolerance 
over time. The rate of deterioration is related to sev-
eral factors (8). A retrospective study on a group of 82 
TDT patients aged 13-16 years followed annually with 
OGTT for 10 years showed that the prevalence of IGT 
increased progressively from 13,4 % to 39 % over the 
first 4 years remaining constant over the following 6 
years after intensification of chelation. Diabetes on the 

other hand had a very low prevalence of 0.5 % at base-
line rising to 2.4 % by the age of 21-24 years(13). Thus, 
it is recommended that all TDT patients be screened 
annually for disturbances of glucose metabolism.

 As stated, extensive studies on the type and 
prevalence of glucose disturbances in TDT patients 
had been published for a wide range of populations, 
screened by various methods (5). The extreme differ-
ences reported for the type and prevalence of glucose 
disturbances are basically due to the wide variation of 
cohorts in regard to age, severity of clinical phenotype, 
compliance to treatment, degree of iron over load and 
others (3). The more frequent methods of screening 
were, and still are, the assessment of random plasma 
glucose (RPG), fasting plasma glucose (FPG), 2 hours 
post prandial, and OGTT (7).

 In contrast, data on disturbances in insulin secre-
tion during OGTT analyzing the patterns of insulin 
response in TDT patients, to our knowledge are lim-
ited. Most data reported on disturbances of insulin 
secretion concern studies with Intravenous Glucose 
Tolerance Test (IVGTT) on normal individuals. 

Intravenous glucose tolerance and plasma insu-
lin response studied in 27 children with TM less than 
11 years of age and 10 health controls of compara-
ble age showed: i) no differences in fasting plasma 

Figure 2. Pattern of plasma insulin changes during OGTT in the four types of insulin response: I. Normal, II. High (Increased), 
III. Delayed and IV. Deficient, in 43 TDT patients
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glucose and insulin levels between the two groups. 
ii) Differences were found at 10 and 20 minutes of 
intravenous glucose administration both in glucose 
levels (considerably higher) and insulin levels (con-
siderably lower) in thalassemic children. iii) Evi-
dence of depression of pancreatic function was found 
in 6 of 27 thalassemic children(14). In contrast in 
another study on insulin resistance and β-cell func-
tion in 36 chronically transfused children aged 8-15 
years no disturbances were found (15). This may be 
due to mild clinical phenotypes of patients as well as 
to differences in transfusions rate and in the annual 
consumption of blood. 

In a study on 24 adult patients with thalassemia 
major, statistically highly significant differences of 
increased fasting glucose levels and reduced pancre-
atic β-cell insulin secretion at fasting state (estimated 
by SC- HOMA) were found in thalassemic patients 
compared to healthy controls (16).

In an interesting study, Glucose, Insulin and 
C peptide levels during OGTT were assessed in 36 
thalassemic patients (22 with NGT, 6 with IGT and 
7 with diabetic GT) and 32 healthy controls. During 
OGTT, patients with IGT presented with hyperin-
sulenemia and delayed peak insulin. The C-peptide/
insulin ratio was reduced in patients with impaired 
glucose tolerance compared to controls. Insulin sen-
sitivity was significantly reduced in patients with 
impaired or diabetic glucose tolerance compared to 
healthy controls (17).

 The results of our study, clearly demonstrated that 
in the group of 43 TDT children and young people 
aged 12-20 years (except of three older patients) with 
a moderate degree of iron over load (ferritin ranging 
between 1,000- 3,000 ng/ml) and BMI within nor-
mal range for age and sex, the prevalence of patients 
with NGT was 72 % (31/43), with IGT 21 % (9/43) 
and with diabetic GT 7 % (3/43). More interesting 
were the findings of insulin response (secretion) dur-
ing OGGT and especially among the 31 patients with 
normal glucose tolerance. In this group only 9 (29 %) 
patients had normal insulin levels while in the remain-
ing, insulin secretion was impaired; 14 patients had 
hyper secretion of insulin (insulin resistance), 8 had 
delayed peak insulin but no one had deficient insulin 
secretion (hypoinsulinemia). In contrast none of the 
patients with impaired and diabetic glucose tolerance, 

had normal or high insulin secretion. All patients with 
IGT had delayed peak insulin response (with insulin 
levels above 35 μU/ml) except one with deficient insu-
lin response (hypoinsulinemia).

The most interesting finding in our study was 
the differences in the levels of insulin secretion in the 
delayed type of insulin response, between patients with 
NGT and patients with IGT or Diabetic GT. The 
fasting insulin levels of patients with delayed insulin 
response were lower in patients with NGT compared 
to those with IGT but statistically non significant 
(p=0.09) while the homeostatic model assessment of 
insulin resistance (HOMA-IR) was normal (2.54) in 
patients with NGT and high (4.12) in patients with 
IGT (18). Furthermore, in patients with IGT the peak 
levels of insulin were significantly higher (p=0.0017) 
occurring at 90 minutes versus 60 minutes for nor-
moglycemic patients. These differences indicate that 
the delayed response pattern consists of two subtypes; 
the mild in normoglycemic patients and the severe in 
patients with glucose disturbances.

The data obtained from the evaluation of glu-
cose tolerance and insulin response during OGTT 
are of great importance since these data, combined 
with our clinical experience in managing patients 
with thalassemia and glucose disturbances, can assist 
in guiding therapeutic interventions. More precisely, 
based on these results, we suggest that patients with 
delayed insulin response and especially those with 
high secretion of insulin and normoglycemia, would 
benefit from diet and exercise alone as a measure to 
delay the development of irregularities in glucose 
metabolism. On the contrary, those with impaired or 
diabetic GT and delayed peak insulin would benefit 
more from the administration of oral hypoglycemics, 
in addition to diet and exercise. In our experience, 
in these patients oral hypoglycemics postponed 
development of insulin dependent diabetes for many 
years (19).

Undoubtedly, the preliminary findings of this 
study have limitations and for confirmation further 
studies on a larger group of patients and with more 
precise evaluation of changes of insulin response dur-
ing OGTT are needed. The main limitations concern 
the small cohort of young patients, the arbitrary stag-
ing of insulin response changes and the non-consid-
eration of the interaction with factors influencing 
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glucose metabolism, as BMI for healthy individu-
als and degree of iron overload and liver function for 
transfused patients with thalassemia.

 In conclusion the results of this study, showed 
clearly, that the assessment of glucose tolerance par-
allel to insulin response during OGTT increases its 
sensitivity for early diagnosis of pre-diabetic state, pre-
ceding the development of glucose disturbances and 
lead to proper follow up and management, that can 
delay the development of insulin dependent diabetes 
mellitus in TDT patients. To this end changes in insu-
lin secretion, as the high secretion of resistant insulin 
and the delayed peak insulin response in normogly-
cemic patients are predictors indices for the develop-
ment of impaired glucose tolerance in TDT children 
and young people without clinical symptoms of glu-
cose dysregulation.
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