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Abstract. Background: With the rising prevalence of obesity worldwide, it is becoming imperative to de-
tect disturbed glucose metabolism as early as possible in order to prevent type 2 diabetes (T2D) develop-
ment. Study design: The present retrospective observational study aimed to evaluate the relationship between 
BMI and glucose metabolism, insulin secretion and sensitivity indices, derived from glucose tolerance test 
(OGTT), in β -TM female patients who were overweight (BMI 25-29.9 kg/m2) and follow its outcome over 
time. Subjects and Methods: Eleven overweight and 11 females with ideal weight and β -TM, matched for 
age, were recruited. OGTT was undertaken and different indices for β-cell function, insulin sensitivity and 
insulin secretion were calculated. Results: At first evaluation, 7 of 11 overweight β -TM patients (63.6%) and 
3 of 11 normal weight β-TM patients (27.2%) had glucose dysregulation (GD) during OGTT. Overweight 
patients with β-TM had increased HOMA-IR and QUICKI indices associated with decreased Matsuda 
WBISI index. The mean ± SD duration of follow-up was 4.5 ± 1.2 years. At last observation, 2/11 overweight 
patients had developed T2D (18.1%). In patients with normal weight, GD increased from 3/11 (27.2%) to 
5/11 (45.4%), but none developed T2DM. The difference between SF at first and last observation (1,220 ± 
702 vs.1,091 ± 454 ng/mL; P: 0.61) was not significant. Conclusion: Overweight seems to be an additional risk 
factor for the development of GD in β-TM patients. This is particularly important in clinical practice, due to 
the lack of appropriate guidelines dedicated to this group of patients. (www.actabiomedica.it)
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Introduction

Over the last half of the 20th century, the del-
eterious effects of complications mainly due to iron 
overload (IOL) in transfusion-dependent thalassemia 
(TDT), also known as β thalassemia major (β -TM), 

have been well recognized and studied. At present, 
endocrine complications constitute a major health is-
sue in a high proportion οf β-TM patients, particularly 
with advanced age (1-4).

In addition to IOL (1-4), other risk factors pre-
disposing to glucose dysregulation (GD) in β -TM 
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include liver dysfunction (5), high body mass index 
(BMI) (6), zinc deficiency (7,8), genetic factors (9), 
splenectomy (10,11) and possibly low insulin growth 
factor -1 (IGF-1) (12). Therefore, it is recommended 
that patients with β-TM should undergo annual 
screening for glucose abnormalities, according to in-
ternational recommendations, starting from the age of 
10 years to identify high-risk patients before irrevers-
ible pancreatic damage occurs. OGTT remains the 
preferred screening method as it is more sensitive for 
GD than fasting plasma glucose (FPG), although it is 
poorly reproducible (2).

Over the last few decades, the percentage of 
populations who are overweight or obese has in-
creased worldwide and become a major public health 
challenge not only in high-income countries but also 
in middle- and low-income ones. In 2010, the preva-
lence of overweight and obesity, based on the body 
mass index (BMI) assessment, in a group of 160 ado-
lescents and adult patients with β -TM was 8.7% and 
3.1%, respectively. 57% of the overweight patients 
were females (De Sanctis V, unpublished data). A re-
cent study of a group of 200 Egyptian patients aged 
18– > 32 years with β -TM reported normal BMI 
in 134 patients (67%), underweight in 47 (23.5%) 
and overweight in 19 (9.5%). No obese patients were 
reported (6).

The present retrospective observational study, per-
formed in a single outpatient endocrine clinic, aimed 
to evaluate the relationship between BMI and glucose 
metabolism, insulin secretion and sensitivity indices, 
derived from the oral glucose tolerance test (OGTT), 
in β -TM female patients who were overweight and 
to ascertain the outcome of glucose metabolism over 
time, since, to the best of our knowledge, relative pub-
lished data are lacking on this subject.

Subjects and methods

Study population and design

Data of β -TM patients ≥ 18 years who were 
referred, from October 2010 to December 2022, 
for consultation or second opinion for endocrino-
logical and metabolic problems to an Italian centre 

(Pediatric and Adolescent Outpatient Clinic, Pri-
vate Accredited Quisisana Hospital, Ferrara, Italy) 
were reviewed. Eligible criteria for study inclusion 
were: (a) β -TM female patients receiving rou-
tine blood transfusion and chelation treatment; 
(b)  chronological age > 18  years; (c) BMI between 
25 and 29.99 kg/m2; (d) availability of a 3-h OGTT, 
including plasma glucose (PG) and serum insulin, on 
first observation and (e) a regular follow-up for a pe-
riod not less than 3 years.

Exclusion criteria included: non-transfusion-
dependent thalassemia (NTDT) patients, subjects 
previously diagnosed with diabetes mellitus (DM) or 
on steroid treatment, subjects with incomplete data.

Participants

Eleven female and five male β -TM patients who 
were overweight were recruited. As there is evidence 
that gender affects response to OGTT (13), male pa-
tients was excluded from the retrospective study. Thus, 
as a reference group served 11 normal -weight β -TM 
female patients, matched for age.

The following data were collected in both groups 
of patients on first observation: demographic charac-
teristics, age at first transfusion, medical history, details 
of iron chelation therapy, family history of diabetes, 
splenectomy, physical activity (classified into four cate-
gories: sedentary, light exercise, moderate exercise, and 
heavy exercise) (14), vital signs (blood pressure, heart 
rate, blood pressure), pubertal status and associated 
endocrine complications.

Auxological parameters, classifications and definitions

BMI was calculated as body weight/body height2 

(Kg/m2). A subject is considered underweight when 
the BMI is < 18.5, normal when 18.5-24.9 Kg/m2, 
overweight between 25.0-29.9 Kg/m2, and obese when 
the BMI is ≥30 Kg/m2 (15). Obesity is subclassified 
into class 1 (30–34.9 Kg/m2), class 2 (35–39.9 Kg/m2) 
and class 3 (≥ 40 Kg/m2). At the population level, 
health complications from excess body fat increase as 
BMI increases. The presence of associated endocrine 
complications was defined according to the I-CET 
guidelines, published in 2013 (16).
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Standard 3-h oral glucose tolerance test (OGTT)

OGTT was performed after a 10 h fast, using 
1.75 g/kg (75 g dextrose monohydrate in 250 mL 
water) Venous blood samples were collected at 0, 30, 
60,90,120 and 180 min to determine plasma glucose 
and insulin concentrations. Plasma glucose (PG) was 
assessed using the glucose oxidase method and the in-
sulin concentration assays by the chemiluminescence 
immunoassay method using commercial kits.

Normal glucose tolerance (NGT), impaired 
fasting glucose (IFG), impaired glucose tolerance 
(IGT) and DM were defined using the criteria of the 
American Diabetes Association (ADA) (17).

In addition, an isolated 1-hour post-load PG 
value ≥155  mg/dl (H-NGT) was considered an 
index of reduced β-cell function (18) and a normal 
fasting PG and normal 2- h post challenge glucose 
with any intermediate OGTT plasma glucose level ≥ 
200 mg/dL was defined as indeterminate glucose 
tolerance (INDET) (19).

Although recent evidence shows that hemoglobin 
A1c (HbA1c) levels rise before the clinical diagnosis 
of diabetes, allowing diagnosis of GD before the onset 
of diabetes mellitus (DM) (17), HbA1c was not as-
sessed in this study because its interpretation is still 
debated, particularly in patients with β -TM (20) and 
in subjects who are overweight or obese (21).

Calculation of insulin secretion and sensitivity indices 
derived from OGTT

The detailed methodology has been published 
previously (2,12,18). Insulin secretion was evaluated 
by two methods: (a) Early-phase insulin secretion 
index (IGI: Δ 0-30 insulin/Δ 0-30 glucose min) (22) 
and (b) corrected insulin response (CIR) [I30 .100/
G30 (G30-70)] (23). CIR describes the β-cell secretion 
capacity; lower CIRs suggest insulin hyposecretion for 
the glucose level, and higher CIR suggests insulin hy-
persecretion. The trapezoidal rule was used to calcu-
late the incremental area under the curve (AUC) for 
AUCGlu 0-120 and insulin (AUCIns 0-120).

For the determination of insulin sensitivity/
resistance the following indices were used: (a) Ho-
meostatic Model Assessment of Insulin Resistance 

(HOMA- IR), (b) Quantitative Insulin sensitivity 
Check Index (QUICKI), and (c) Matsuda Whole 
Body Insulin Sensitivity Index (WBISI) (24-26). The 
latter index combines both hepatic and peripheral 
tissue insulin sensitivity. It is calculated from plasma 
glucose (mg/dL) and insulin (μIU/mL) concentrations 
in the fasting state and during OGTT.

The hyperbolic relationship between β‐cell re-
sponse and insulin sensitivity (IS) is called disposition 
index (DI). A decrease in DI is an indication of altered 
β‐cell function, resulting in inability to compensate for 
decreased IS (e.g., impaired glucose tolerance and type 
2 diabetes mellitus). Oral disposition index (oDI) was 
calculated as the product of Matsuda WBISI index 
and IGI obtained during the OGTT (27).

Other collected data

Other collected data included: alanine ami-
notransferase (ALT, IU/L), thyroid function (free 
thyroxine-FT4 and thyrotropin-TSH), morning 
insulin-like growth factor 1 (IGF-1), basal serum cor-
tisol, gonadotropins (LH and FSH) and estradiol (E2). 
All parameters were measured by commercial immuno-
assay kits. Iron overload (IOL) was assessed by serum 
ferritin (SF) levels and was arbitrarily classified as mild 
(SF: < 1,000 ng/mL), moderate (SF: >1,000 ng/mL and 
< 2,000 ng/mL) or severe (SF: >2, 000 ng/mL) (28).

Statistical analysis

All numeric variables were expressed as mean ± 
standard deviation (SD), range, median and quartile. 
Comparison of different variables in the two groups 
was made using unpaired student t-test and Mann-
Whitney test for normal and non-parametric variables, 
respectively. Chi-square (χ2) test was used to compare 
the frequency of qualitative variables among the dif-
ferent groups. The data obtained were analyzed using 
Pearson’s correlation test for those with normal distri-
bution or Spearman correlation test for the ones with 
an abnormal (non- parametric) distribution. For the 
statistical analysis, a software program was used and 
validated, according to Alder and Roesser (29).

A P value < 0.05 was considered statistically 
significant.The correlation coefficient was considered 
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significant differences were found during OGTT 
when we compared the PG and serum insulin levels in 
the two groups of patients.

Nevertheless, the insulin sensitivity/resistance 
indices: HOMA- IR, QUICKI, and Matsuda WBISI 
index, as well as AUCIns 0-120 and ratio AUCIns 0-120 /
AUCGlu 0-120, differed significantly between the two 
groups of patients. A detailed presentation of results is 
reported in table 2.

The most common associated growth and endo-
crine complications noted in overweight β -TM pa-
tients were short stature and secondary amenorrhea, 
and acquired hypogonadotropic hypogonadism in nor-
mal weight β -TM patients (Table 1). In 2 overweight 
β -TM, the short stature was familial and in other 
2 overweight β -TM patients were associated to excel-
lent compliance to iron chelation therapy with DFO.

Correlations: Interestingly, BMI was correlated 
with HOMA-IR, QUICKI, Matsuda WBISI index 
and AUCIns 0-120. Moreover, IGF-1 was correlated with 
ratio AUCIns 0-120 /AUCGluc 0-120,

Insulinogenic Index (IGI) was strongly cor-
related with CIR and the latter with QUICKI and 
AUCGlu 0-120. Moreover, a significant direct correlation 
was observed between HOMA-IR and QUICKI and 
an inverse correlation was present between Matsuda 
WBISI index and AUCIns 0-120 /AUCGlu 0-120 ratio 
(Table 3).

No correlation was observed between SF and 
ALT on the one side and all the included clinical and 
OGTT parameters (PG, insulin secretion and insulin 
sensitivity) on the other side.

Outcomes of glucose metabolism at last 
observation

Overweight patients: The mean duration of follow-
up was 5.2 ± 1.9 years. (range: 3.1-9.11 years). The de-
tailed evolution of glucose tolerance in these patients 
is illustrated in Figure 1.

Two of 11 β-TM overweight patients devel-
oped T2D (18.1%). Their BMI increased from 24 to 
31  Kg/m  2 and from 29 to 39 Kg/m2, respectively. 
Their SF values were 1,260 ng/mL and 1,620 ng/mL, 
respectively.

as follows: <0.4 as weak, from ≥ 0.4 to 0.59 moderate, 
from ≥ 0.6 to 0.79 strong, and ≥ 0.8 very strong, ac-
cording to Swinscow (30).

Ethics

All procedures were in accordance with the 1975 
Helsinki declaration and its later amendment in 2000 
(http://www.wma.net). Ethics approval for a retrospec-
tive study was not required because patients under-
went only routine diagnostic procedures according to 
the current recommendations or guidelines (2,16,31). 
Moreover, in our retrospective study, no identifiable 
private patient’s information was collected, and an an-
onymized dataset was analyzed (32).

Results

At first consultation (baseline)

Patients’ characteristics: The study included 11 
β -TM female overweight patients (BMI range: 26.2- 
28.9 Kg/m2)  and 11 β -TM female normal -weight 
patients (BMI range:19.2-23.7 kg/m2),  matched for 
age. IOL assessed by SF in overweight β -TM patients 
was mild in 5/11(45.4%), moderate in 4/11 (36.3%), 
and severe in 2/11 patients (18.1%). In β -TM normal 
weight patients, SF was mild in 8/11 (72.7%), moder-
ate in 1/11 (9.0%), and severe in 2/11 patients (18.1%). 
After the first evaluation, the referring Centers were 
invited to check OGTT annually and to require a sec-
ond consultation if the attending physician thought 
necessary. Moreover, the patients were recommended 
to follow regular iron chelation therapy associated with 
a balanced diet and regular daily physical activity to 
ensure a healthy lifestyle. Baseline study group charac-
teristics are presented in Table 1.

Plasma glucose, insulin levels and surrogate mark-
ers of insulin secretion and sensitivity during OGTT at 
first consultation (baseline): Seven of 11 overweight 
β-TM patients (63.6%) and 3/11 normal weight 
β-TM patients (27.2%) had GD during OGTT at first 
consultation (baseline). The key difference in glucose 
regulation, discriminating overweight from normal-
weight individuals, was IFG (P:0.023). No statistically 
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Patients with normal weight: The mean duration of 
follow-up was 4.5 ± 1.2 years. No statistical difference was 
found in duration of follow-up compared to that of over-
weight β-TM patients (P: 0.27). The detailed evolution 
of glucose tolerance abnormalities in 11 β-TM patients 
is illustrated in figure 4. No patient developed DM. Their 
mean BMI at last observation was 21.4 ± 1.5 Kg/m2

The difference between SF at first and last obser-
vation (1,018 ± 550 vs.1,076 ± 659 ng/mL; P: 0.82) in 

Interestingly, patient 1 with IGT at first consulta-
tion developed T2 D, after 6 years of follow-up, and 
patient 2 with IFG developed T2-DM, after 7.6 years 
of follow-up. One year before the diagnosis of T2-D, 
their OGTT was compatible with IFG and IGT, re-
spectively (Figure 2 and Figure 3).

The difference between SF at first and last obser-
vation (1,220 ± 702 vs.1,091 ± 454 ng/mL; P: 0.61) 
was not significant.

Table 1. Comparison of baseline clinical characteristics, laboratory and diagnostic results between 11 overweight β-TM patients and 
11 normal-weight β-TM patients, assessed by body mass index (BMI). Data are expressed as mean ± SD and percentages.

Variables 11 overweight β-TM patients
11 normal weight
β-TM patients P value

Number of β-TM patients 11 11 -

Age (yrs) 24.1 ± 4.7 24.7 ± 2.4 0.71

Family history of diabetes 2/11 2/11 1.000

Number of splenectomized patients 3/11 5/11 0.37

Body Mass Index (kg/m2), range 27.1 ± 1.1
26.2 - 29.4

21.2 ± 1.5
19.2 -23.7

<0.0001
-

Physical activity (light- moderate) 11/11 11/11 -

Iron chelation therapy:
Desferrioxamine (DFO) (n)
Deferiprone (DFP) (n)
Deferasirox (DFX) (n)
DFO+DFP (n)

-
4
2
3
2

-
5
2
3
1

.
-
-
-
-

SF at first consultation (ng/mL), range 1,220 ± 702
306 -1,757

1,076 ± 659.6
437-1,871

0.62
-

ALT (normal values: < 40 IU/L) 30.9 ± 13.8 29.2 ± 13 0.76

IGF-1 (ng/mL) 82.7 ± 42.4 (9) 103.9 ± 38.1 (10) 0.26

PG during OGTT, endocrine complications,  
final height:
1.	 NGT(normal glucose tolerance) (n and %)
2.	 Isolated IFG (Impaired Fasting Glucose) (n and %)
3.	 H-NGT (1-h OGTT ≥ 155 mg/dL) (n and %)
4.	 INDET (indeterminate) (n and %)
5.	 IGT (Impaired Glucose Tolerance) (n and %)
6.	 IFG+IGT(n and %)
7.	 Diabetes mellitus (n and %)

•	 Primary hypothyroidism (n and %)
•	 HH (n and %)
•	 Secondary amenorrhea (n and %)
•	 Hypoparathyroidism (n and %)
•	 Hypocortisolism (n and %)
•	 Short final stature (≤ 3rd centile) (n and %)

-
-

4 (36.3%)
4 (36.3%)
1 (9.0%)
0 (0%)

1 (9.0%)
1 (9.0%)
0 (0%)

1/11 (9.0%)
2/11 (18.1%)
5/11 (45.4%)
1/11 (9.0%)
0/11 (0%)

6/11 (54.5%)

-
-

8 (72.7%)
0 (0%)

2 (18.1%)
0 (0%)
0 (0%)

1 (9.0%)
0 (0%)

0/11 (0%)
5/11(45.4%)
4/11 (36.3%)

0/11(0%)
0/11 (0%)

2/11 (18.1%)

-
-

0.08
0.02
0.53
-

0.30
1
-

0.30
0.023
0.66
0.30
-

0.076

Abbreviations: SF: serum ferritin; ALT: alanine aminotransferase; IGF-1: Insulin Growth Factor-1; PG: plasma glucose; HH: hypogonadotropic 
hypogonadism; N.A.: not available.
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Table 2. Baseline characteristics during OGTT in 11 β-TM overweight patients and 11 β-TM normal weight patients. Data are 
expressed as mean ± SD.

Variables 11 overweight β-TM patients 11 normal weight β-TM patients P value

Fasting plasma glucose (PG) (mg/dL) 97.1± 8.9 92.6 ± 5.1 0.16

PG 30 min. after OGTT (mg/dL) 150.0 ± 26.2 135.6 ± 22.0 0.17

PG 1-h after OGTT (mg/dL) 152.1± 32.2 132.5 ± 34.0 0.18

PG 2- h after OGTT (mg/dL) 128.6 ± 24.4 113.8 ± 16.8 0.11

PG 3-h after OGTT (mg/dL) 99.7 ± 26.2 99.1 ± 16.9 0.95

AUCGlu 0-120 (mg/dL) 462.3 ± 140.7 437.4 ± 74.9 0.61

Fasting insulin (μU/mL) 8.3 ± 3.3 5.5 ± 1.6 0.019

Insulin 30 min after OGTT (μU/mL) 64.4 ± 34.2 44.0 ± 22.8 0.11

Insulin 1-h after OGTT (μU/mL) 65.8 ± 32.0 40.5 ± 26.9 0.058

Insulin 2-h after OGTT (μU/mL) 44.7 ± 31.7 26.9 ± 12.1 0.097

Insulin 3-h after OGTT (μU/mL) 26.6 ± 27.8 14.1 ± 6.6 0.16

AUCIns 0-120 (μU/mL) 189.7 ± 84.7 80.6 ± 35.0 0.0008

Ratio AUCIns 0-120 /AUCGlu 0-120 0.48 ± 0.35 0.18 ± 0.07 0.011

HOMA-IR 2.0 ± 0.77 1.27 ± 0.40 0.011

QUICKI 0.34 ± 0.022 0.37 ± 0.019 0.0027

Insulinogenic index (IGI) 1.18 ± 0.82 1.15 ± 1.11 0.94

CIR 0.30 ± 0.18 0.25 ± 0.14 0.47

Matsuda WBISI index 5.5 ± 1.2 7.38 ± 1.63 0.0059

Oral disposition index (oDI) 4.9 ± 2.5 8.25 ± 7.52 0.17

Table 3. Correlations between insulin sensitivity and insulin secretion using surrogate measurements from the OGTT, at baseline.

Indices BMI IGI HOMA -IR QUICKI AUCGlu 0-120 IGF-1

HOMA-IR R= 0.4887;
P: 0.021

N.S. - R=-0.9428;
P:< 0.00001

N.S. N.S.

QUICKI R= - 0.526;
P: 0.011

N.S. R:- 0.9428;
P: 0.00001

- N.S. N.S.

Insulinogenic Index (IGI) N.S. - N.S. R= -0.414;
P:0.055

R= 0.4385;
P: 0.041

N.S.

CIR N.S. R=0.901;
P: 0.0001

N.S. R=- 0.4603;
P:0.031

R=- 0.4331;
P: 0.044

N.S.

Matsuda WBISI index R=- 0.7051;
P:0.0002

N.S. R=-0.6172;
P:0.0022

R= 0.6659;
P:0.00071

N.S. N.S.

Oral disposition Index (oDI) N.S. N.S. N.S. N.S. R=-0.5277
P: 0.011

N.S.

AUCIns 0-120 R= 0.6299;
P: 0.0016

N.S. N.S. N.S. N.S. N.S.

Ratio AUCIns 0-120 /AUCGlu 0-120 R=- 0.480;
P:0.023

N.S. R=-0.4422;
P:0.039

R=0.4134;
P: 0.056

N.S. R=0.5065;
P: 0.026



Acta Biomed 2023; Vol. 94, N. 5 e2023225 7

11 normal weight β-TM patients was nonsignificant 
(P:0.73).

Discussion

The present study is based on data collected dur-
ing an ongoing retrospective study on GD in patients 
with β -TM promoted by the International Network 
of Clinicians for Endocrinopathies in Thalassemia 

Figure 1. Changes in category of glucose homeostasis from 
baseline to the last consultation in overweight β-TM patients.

Figure 2. Plasma glucose concentrations during OGTT in two 
patients who developed type 2 diabetes at baseline, 1 year before 
T2D and at diagnosis of T2D.

Figure 3. Plasma insulin concentrations during OGTT in two 
patients who developed type 2 diabetes on baseline, on year be-
fore T2D and at diagnosis of T2D.

Figure 4. Changes in glucose homeostasis from baseline to the 
last consultation in normal weight β-TM patients.

and Adolescent Medicine (ICET-A) in January 2023. 
To our knowledge, this is the first reported study that 
has investigated the changes of PG, insulin secretion 
and sensitivity in OGTT in overweight β-TM female 
patients compared to sex and age matched β-TM 
patients with normal weight.

In the general population, obesity is a risk fac-
tor for the development of T2D and cardiovascular 
disease (33). High BMI, either overweight or obe-
sity, is frequently associated with insulin resistance 
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reduced early insulin response during OGTT 
is closely associated with the occurrence of 
subsequent prediabetes and T2D (38,39). 
These observations open the question of 
whether early treatment of mild alterations of 
glucose metabolism with insulin secretagogues 
or short-action insulin may lead to improve-
ment of glucose homeostasis in β-TM patients 
(31,40).

d.	 It is noteworthy that the oral disposition index 
(oDI) in overweight β-TM patients was lower 
compared to that in 8 healthy adult female 
subjects (4.9 ± 2.5 vs. 13.6 ± 9.9; P: 0.027) re-
ported in a previous study (41), while no dif-
ference was found in oDI between overweight 
and normal weight β-TM patients (P: 0.21) in 
this study. The oDI index provides a measure 
of β-cell function adjusted for insulin sensi-
tivity and has been shown to be predictive for 
describing the risk for, and progression of, dia-
betes in the general population (27).

e.	 Interestingly, insulin-like growth fac-
tor 1 (IGF-1) levels were correlated with 
AUCIns  0-120 /AUCGlu 0-120 ratio (R=0.5065; 
P: 0.026) supporting the notion that circulating 
IGF-1 levels may further influence the control 
of glucose homeostasis (42). Clinical studies in 
humans and experimental animals support the 
conclusion that IGF-1 is necessary for normal 
insulin sensitivity, and impairment of IGF-1 
synthesis results in a worsening state of IR (43).

f.	 At last consultation, 6 out of a total 22 (27.2%) 
participants with β-TM presented with an iso-
lated 1-hour post-load PG value ≥155 mg/dl 
(H-NGT). It has been suggested that hyper-
glycemia at 1-h PG during an OGTT may be 
considered a relevant biomarker for identify-
ing subjects with IR and β-cell dysfunction 
and may be a predictor of future development 
of T2D (44).

g.	 Finally, during an average follow-up of 4.5± 
1.2 years range, our OGTT data suggest that 
being overweight may contribute to further 
deterioration of glucose homeostasis. Notice-
ably, at baseline two overweight patients with 
IGT and IFG, and two normal weight β-TM 

(IR) and abnormalities in insulin secretion (34). 
The hyperinsulinemic–euglycemic clamp and the 
hyperglycemic clamp are considered the best meth-
ods for measuring insulin sensitivity and pancreatic 
β-cell function, respectively (35). However, as these 
procedures are invasive and labor intensive, many 
metabolic markers and indices, most of them calculated 
using fasting and stimulated levels of PG and insulin, 
have been used to assess β-cell function and insulin 
sensitivity/resistance  (36). This is especially impor-
tant in clinical practice, due to the lack of appropriate 
guidelines dedicated to this high-risk group of patients 
with high BMI. Therefore, it is important to under-
stand the concepts and relative merits and limitations 
underlying each method in order to interpret the data 
for measuring insulin secretion and sensitivity.

Several interesting observations emerged from 
this single-center retrospective study in TDT adult fe-
male patients. In particular:

a.	 In the initial consultation, more than half 
(63.6%) of the overweight β-TM female pa-
tients had different stages of glucose me-
tabolism dysregulation, according to classic 
diagnostic criteria (17) and supplemented by 
1-h isolated H-NGT, compared to 27.2% of 
sex and age matched β-TM patients with nor-
mal weight.

b.	 Overweight β-TM patients had increased 
HOMA-IR and QUICKI indices associated 
with decreased Matsuda WBISI index com-
pared to β-TM patients with normal weight 
(Table 2). Considering that Matsuda WBISI 
index encompasses both hepatic and periph-
eral tissue insulin sensitivity, we assumed that 
overweight associated with reduced physical 
activity may have induced a reduced muscle 
mass and insulin sensitivity, as reported in sar-
copenic obese subjects (37).

c.	 CIR and IGI. were used as surrogate indi-
ces of early phase insulin secretion of β-cell 
in response to OGTT. These findings sug-
gest that in β-TM patients the first phase of 
pancreatic β-cell response to glucose load is 
compromised and is unable to compensate for 
IR. Furthermore, it has been reported that the 
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