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Abstract. The gold standard for the measurement of insulin secretion is the hyperglycemic clamp and for 
insulin sensitivity the hyperinsulinemic euglycemic clamp, respectively. Their disadvantages are the non-
physiological route, the complexity of protocols requiring an experienced operator and the high costs; thus, 
they are mainly used for research purposes. A number of surrogate indices, derived from plasma glucose and 
insulin levels at a fasting state or after oral glucose load, have been proposed to estimate β-cell response, and 
the ability of β-cells to compensate for changes of insulin sensitivity by modulating insulin secretion (dispo-
sition index). Starting from the current recommendations for the annual screening of glucose dysregulation 
in patients with transfusion dependent β-thalassemia (β-TDT), this article summarizes the most frequently 
used indirect indices of insulin secretion and resistance derived from the oral glucose tolerance test (OGTT) 
and discusses the strengths and weaknesses of selected indices and the basic concepts underlying each method 
for the appropriate evaluation of glucose regulation. Basal indices for β-cell function and insulin sensitivity, 
albeit simple and cheap, have limited usefulness due to a high coefficient variation and the lack of data about 
response to glucose load. Therefore, measurement of indices during an OGTT, despite being costly and time-
consuming, is suggested since it can detect, even subtle, dynamic changes in insulin secretion and glucose 
handling. In patients with β-TDT, the indices derived from OGTT may offer an additional factor to evaluate 
the efficiency of iron chelation therapy and detect patients who may need intensification of iron chelation 
therapy and/or pharmacological intervention.(www. actabiomedica.it)
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Background

Glucose dysregulation (GD) is a common com-
plication in patients with transfusion dependent 

β-thalassemia (β-TDT). GD usually occurs during ad-
olescence and the incidence increases with age (1). The 
severity and type of glucose disturbances vary greatly in 
different studies (2). The highest prevalence of impaired 
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fasting glucose (IFG) reported in a meta-analysis, in-
cluding a total of 35 studies from 1994 to 2018, was 
found to be in the Middle East (27.8%) and the highest 
prevalence of impaired glucose  tolerance (IGT) on the 
Mediterranean coast (15.1%). The  overall prevalence of 
diabetes mellitus (DM) was 6.5% (2). β-TM patients 
with IGT and IFG plus IGT are at higher risk for de-
veloping a type of DM which has many  similarities 
with type 2 diabetes mellitus (T2DM) and a few with 
type 1 diabetes mellitus (T1DM) (1).

The pathogenesis of GD in β-TDT is complex, 
multifactorial and not completely understood. The pri-
mary defect of GD appears to be a low degree insulin 
resistance (IR), as estimated by HOMA-IR, followed 
by an insulin secretion defect (3). However, it should 
be noted that the cohort of these patients was very het-
erogenous group with some patients exhibiting mainly 
insulin deficiency and others predominantly IR (3-8). 
The defect in β-cell insulin secretion is mainly due 
to the toxic effects of iron deposition in the pancreas 
(1,3,4) and IR has been attributed to iron deposition 
in both liver (where iron deposits may interfere with 
insulin’s ability to suppress hepatic glucose production) 
and muscle (where iron deposits may decrease glucose 
uptake because of muscle damage) (3,6-8).

In addition to iron overload, other risk factors for 
developing GD in β-TM patients include: chronic hy-
poxia due to anemia (1,3), chronic liver disease (1,9), 
overweight/obesity (10), associated endocrine compli-
cations (1), zinc deficiency (11), genetic factors (12,13), 
pancreatic fatty replacement (14), splenectomy (15), 
low insulin growth factor -1 (IGF-1) (16) and reduced 
physical activity (17).

Taking into consideration that pancreatic iron 
loading starts in early childhood, mainly in patients 
receiving large quantities of red blood cells and sub-
optimal iron chelation (18), early identification of GD 
and a precise characterization of insulin secretion, sen-
sitivity and β-cell function (19-22), provide useful in-
formation of susceptible patients prior to the onset of 
GD. This is essential, facilitating measures to prevent 
or, at least, delay the deterioration of glucose homeo-
stasis .

Based on our recent preliminary study and analysis 
of 11 patients with β-TDT (mean age 25.1 ± 5.7 years), 
the risk of progression from prediabetes to incipient 

DM in patients with β-TM is secondary to a defect 
of pancreatic early β-cell response to glucose load, re-
duced insulin sensitivity and reduced ability of β-cells 
to compensate for changes of insulin sensitivity (IS) by 
modulating insulin secretion (disposition index) (23).

The gold standard for the measurement of insu-
lin secretion and insulin sensitivity (IS) are the hy-
perglycemic clamp (HC) and the hyperinsulinemic 
euglycemic clamp (HEC), respectively (24-26). Their 
disadvantages include the non-physiological route of 
tests, the complexity of protocols requiring an experi-
enced operator and the high costs (26). The minimal 
model analysis based on frequent samples after intra-
venous glucose tolerance test (fs-IVGTT) is easier 
than the glucose clamp method, but it still involves 
intravenous infusions with multiple blood sampling as 
in the glucose clamp (26). These disadvantages have 
not favoured the extensive clinical application of these 
tests and have promoted the development of different 
approaches to the evaluation of insulin secretion and 
IS, in both clinical and research areas.

Compared to glucose clamp or IVGTT, oral glu-
cose tolerance test (OGTT) is a simpler and less ex-
pensive alternative method that provides an estimation 
of β-cell response, IS and the ability of β-cells to com-
pensate for changes of IS by modulating insulin se-
cretion from blood insulin and glucose concentrations, 
both under fasting conditions (steady state) and during 
the test (dynamic) using simple equations (28- 30).

Starting from the current recommendations for 
the screening of GD in β-TM patients, this article 
summarizes the most useful indirect indices of insu-
lin secretion and IR derived from OGTT with the 
aim of understanding the strengths and weaknesses of 
selected indices and the basic concepts underlying to 
each method.

Standard OGTT screening for GD in thalassemia

The assessment of pancreatic β-cell function in 
vivo is complex because of its interplay with other key 
variables of glucose homeostasis, i.e. blood glucose lev-
els, IS and hepatic insulin extraction. Following glu-
cose ingestion, the liver is the first major organ that 
plays a critical role in insulin metabolism; the increase 
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of plasma glucose (PG) stimulates insulin secretion 
into the portal circulation. Insulin that is not metabo-
lized by the liver reaches the rest of the body where it 
restores normoglycemia. Substantially, 80% of endog-
enously secreted insulin is cleared by the liver (~50% at 
first pass), ~15% is cleared by the kidney and ~5% by 
muscle and adipose tissue (31,32) .

According to the “Standards of Medical Care in 
Diabetes”, published by the American Diabetes Associ-
ation (ADA) (33) and the World Health Organization 
(WHO) guidelines (available from: https://www.who.
int/publications/i/item/9789241565257), diabetes may 
be diagnosed based on the concentration of PG, either 
with fasting plasma glucose (FPG) or 2-h PG during 
OGTT (1.75 g/Kg body weight, max. 75 g) or based 
on glycated hemoglobin A1c (HbA1c) concentration.

Prediabetes is an intermediate hyperglycemic state 
in which glycemic markers, such as PG and HbA1c, 
are above the threshold considered normal, but below 
the diagnostic criteria for DM. In addition, age, race, 
ethnicity, and any clinical condition that alters the 
lifetime of erythrocytes or hemoglobin levels can alter 
HbA1c independent of PG concentration (34).

In mild to moderately iron overloaded β-TM pa-
tients, a routine OGTT screening (at 0, 30, 60, and 
120 minutes for plasma glucose and insulin measure-
ments, after an overnight fast for 10-12 hours) is recom-
mend at 10, 12, 14, and 16 years and annually thereafter 
(35,36), following the ADA criteria (33). According to 
these criteria, the cut-off value for the diagnosis of IFG 
is between 100-125 mg/dL (5.6–6.9 mmol/l) compared 
to 110-125 mg/dL [6.1-6.9 mmol/l]) of WHO.

An extended duration of 3-h OGTT may be re-
quested when some particular mathematical modelling 
is utilized to calculate derived indices of insulin secre-
tion and sensitivity.

In the early stages of GD, fasting and 2- h PG 
levels during an OGTT may be normal or slightly el-
evated. The use of continuous glucose monitoring sys-
tem (CGMS) is a useful and valid tool in detecting 
hyperglycaemia (37,38). Nevertheless, studies with a 
larger sample size are needed in order to collect addi-
tional information to establish a consensus on screen-
ing parameters/thresholds, e.g. the number of glucose 
elevations required to indicate prediabetes or DM and 
its correlation with clinical outcomes (39).

There is a myriad of variables that affect the re-
producibility and accuracy of the OGTT in terms 
of the total testing process (pre-analytical, analytical 
and post-analytical phases). To minimize the influ-
ence of these factors, a good laboratory test should 
conform to the specific analytical regulatory criteria, 
as recommended by the National Academy of  Clinical 
Biochemistry (NACB). In particular, for glucose 
measurement, the recommended targets are impreci-
sion < 2.9%, bias < 2.2%, and total maximum allowable 
error <6.9%. Nevertheless, even within these targets, 
there is no precise absolute estimate of the OGTT 
glucose levels, and this theoretically impacts GD prev-
alence (40).

Alongside this, age, gender, adiposity, ethnicity, 
and variability in the rate of gastric emptying and glu-
cose absorption from the gastrointestinal tract, affect 
glucose tolerance and insulin levels (41,42). Addition-
ally, insulin concentration after OGTT is influenced 
by the gastrointestinal incretin hormones [glucose-
dependent insulinotropic polypeptide (GIP) and 
glucagon-like peptide-1 (GLP-1)] that are released 
from the gut into the bloodstream, where they bind to 
their specific receptors on the pancreas to regulate the 
amount of insulin (from 50% to 70%) and glucagon 
secreted for regulating blood glucose levels after meal 
intake (43,44). In T2DM patients, the incretin effect 
is severely reduced and the impairment is thought to 
explain an important part of the impaired insulin se-
cretion seen in T2DM (45).

Use and interpretation of selected OGTT-derived 
surrogate indices of insulin response and insulin 
sensitivity

Numerous indices derived from fasting glucose 
or OGTT have been proposed to evaluate insulin 
 response and IS, ranging from complex to simple 
 indices (27-30). Each of these methods has distinct 
advantages and limitations. Some methods rely on 
steady-state analysis of glucose and insulin, whereas 
others rely on dynamic testing. Surrogate indices 
based on changes in insulin and glucose during the 
OGTT incorporate both hepatic and peripheral IS; 
hepatic glucose production changes most during the 
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glucose × [30-min glucose − 70 mg/ dl]) (55); the 
 Stumvoll first-phase (1283 + 1.829 × Ins30 138.7 × Glu30 +  

3.772 × Ins0 and second-phase Stumvoll (286 + 0.416 ×  
Ins30 – 25.94 × Glu30 + 0.926 × Ins0.). For these in-
dices, insulin is expressed in pmol/L and the PG in 
mmol/L (56.57), modified β−cell function index (MBCI: 
fasting insulin [mIU/L] × fasting glucose [mmol/L])/
(2−h plasma glucose [mmol/L] + 1−h plasma glucose 
[mmol/L] −7) (58), and the ratio of insulin/glucose area 
under the curves (AUCins/AUCgluc) analysed by the 
trapezoidal method (59).

With the exception of HOMA-β and AUCins/
AUCgluc ratio, these indices were not specifically de-
signed to emulate first-phase β- cell response as meas-
ured by IVGTT or clamp, but rather to capture signs 
of pancreatic β-cell dysfunction in response to glucose 
load, which is compromised in subjects with diabetes .

In our experience, a small number of β-TM pa-
tients exhibited a negative IGI index due to either 
a decrement in insulin or PG value at 30 min after 
glucose load (VDS, personal observation). Due to the 
small number of occurrences, we were unable to ascer-
tain if this result was due to a physiological early in-
sulin response or if it was secondary to a slow/delayed 
glucose absorption (60,61). Nevertheless, its role, es-
pecially in β-TM patients with diabetes, may represent 
an element requiring further exploration.

C-peptide to glucose ratio (CPRI) is considered a 
marker of β cell function. Postprandial PCPRI (timing 
of sampling:1 or 2 h after a meal) appears to reflect 
the maximal β cell functional capacity more accu-
rately compared with fasting C-peptide to glucose 
ratio and may have, in conjunction with other clini-
cal  parameters, the potential role for improving the 
glycemic control in patients with T2DM. A reported 
cut-off value of postprandial C-peptide (ng/mL) to 
glucose (mg/dL) ratio (×100) less than 2.02 may rep-
resent a  prediction index for starting insulin therapy 
with sensitivity of 81% and specificity of 63% (62).

b. Assessment of insulin sensitivity (IS)

IS is defined as the ability of insulin to exert its 
physiological effects of glucose uptake in the muscles 
and adipose tissue and to suppress hepatic gluconeo-
genesis while insulin resistance (IR) is a pathological 

first hour of the OGTT and peripheral glucose up-
take is best measured during the second hour (46). 
The usefulness of surrogate indices is influenced 
by the degree of correlation with gold standard in-
dicators, by their reproducibility and their ability 
to predict incidence of diabetes similarly to more 
complex methods. Thus, optimal choice and em-
ployment of a specific method depend on the nature 
of the study (47,48).

a. Assessment of early β-cell response

Insulin release in response to OGTT occurs in 
two phases: the early phase peak within the first 15-30 
min that is responsible for limiting the initial rise of 
glucose, and the late phase of insulin response occur-
ring later than 30 min after oral glucose intake, that 
may persist for several hours. This delayed burst of in-
sulin response is responsible for returning glucose to 
baseline fasting levels. Of note, when glucose is ad-
ministered intravenously, plasma insulin concentra-
tions increase rapidly with a peak from 2 to 4 min, 
decrease within 10 to 15 min (first-phase insulin re-
sponse), and gradually increase over 120 min (second-
phase insulin response) (24-26).

The 1st phase of insulin response is primarily me-
diated at the level of the liver, allowing prompt inhi-
bition of endogenous glucose production (EGP) and 
the 2nd phase of insulin response reduces EGP as in 
the 1st phase, but to a lesser extent (49,50). It is well 
known that the first phase of insulin response plays 
an important role in priming the liver and inhibiting 
endogenous glucose production during OGTT (38). 
Thus, it is well accepted that a reduction in first-phase 
insulin response is the earliest detectable and one 
of the most sensitive indicators of a defect in β-cell 
 function in subject destined to develop T2DM (51).

The most common surrogate indices of β-cell  
 response, reported in the literature, include: the 
 homeostatic model assessment of β-cell function 
(HOMA-β: fasting plasma insulin [(μIU/mL) × 360/
(fasting plasma glucose (mg/dL) –63) ] (52,53); the 
early  insulin response also known as the insulinogenic 
index (GI: 30-min insulin − fasting insulin/(30-min 
glucose − fasting glucose in mg/dL) (54); the  corrected 
insulin response (CIR: 100 × 30-min insulin)/(30-min 
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(80th or 90th percentile value of non-diabetic and 
non-obese subjects), using the values in the general 
population (66,67). The 90th percentile in different 
countries is 2.7 in Brazil (68), 2.77 in Italy (69), 2.33 in 
 Portugal (70), 2.48 in Iran (71), 1.55 in  Thailand (72), 
3.8 in France (73) and Spain (74),17% in Denmark (75), 
and 2.7 in North Americans (68). Age and gender 
should be taken also into account in the  estimation of 
their values in different populations (76-78).

HOMA1-IR was updated in 1998 with a com-
puter version (HOMA2-IR) to provide a more ac-
curate physiological adjustment of the previous index 
version (67). Compared to HOMA1- IR, HOMA2-
IR considers variations in hepatic and peripheral glu-
cose resistance, increases in the insulin secretion curve 
for PG concentrations above 180 mg/dL, and contri-
bution of circulating proinsulin (67).

HOMA2-% β is a marker of insulin secretion and 
HOMA2-% S is a marker of IS. Both provide a fasting-
based measure of the β-cells’ function relative to the pre-
vailing FPG concentration (acceptable range:54-450 mg/
dL = 3–25 mmol/l) (66). HOMA2-%S and HOMA2-% 
β may be calculated using the version 2.2 of HOMA2 
calculator. The associated estimation of HOMA2-% S is 
advisable because simple variability between insulin as-
says can provide different estimates of β-cell function on 
the same sample or may reflect proportionate differences 
in insulin sensitivity (78).

The log-transformation included in the formula 
of QUICKI results in greater accuracy compared to 
HOMA1-IR in calculations over a broad range of IS. 
The reported references for normal values and IR are 
>0.339 and ≤ 0.339, respectively (79).

The Matsuda-Defronzo index or WIBSI (whole 
body insulin sensitive index) is a model that uses dy-
namic PG and insulin values obtained during OGTT 
for an accurate evaluation of IS. This index is calculated 
from the glucose and insulin values during an OGTT 
using the formula 104/(I0 × G0 × Im× Gm)1/2, where 
G0 and Gm are the fasting and mean glucose and I0 
and Im are the fasting and mean insulin (80). Despite 
its wide use, a universal cutoff value or reference range 
has not been established for clinical classifications of 
normal, IR, prediabetes, and/or T2DM (25). However, 
some agreement exists for the individual models. Al-
ternatively, cutoff points and reference ranges provided 

situation characterized by a lack of physiological re-
sponse of peripheral tissues to insulin action, leading 
to the metabolic disturbances (63).

To further improve the ability to identify subjects 
at high risk of T2DM early, many indices to assess 
IS have been developed using formulae derived from 
fasting PG and insulin concentrations or from OGTT. 
The most commonly used in clinical practice are: the 
homeostasis model of IR (HOMA 1-IR:[fasting insulin 
(μU/mL)]×[fasting glucose (mg/dL)]/405] and the se-
cretion HOMA-β% (360 × fasting insulin (μU/L))/
(fasting glucose (mg/dL) − 63)], and the quantitative 
insulin sensitivity check index (QUICKI: 1/[log (fasting 
insulin, μIU/mL)+log (fasting glucose, mg/dL)].

The log-transformation included in the formula 
of QUICKI results in greater accuracy compared to 
HOMA1-IR in calculations over a broad range of in-
sulin sensitivity. The Stumvoll insulin sensitivity index 
(ISI Stumvoll) is calculated as follows: 0.226 − (0.0032 × 
BMI) − (0.0000645 × I120) − (0.00375 × G90) (57).

HOMA1-IR model describes the glucose-insulin 
homeostasis derived by an empirical nonlinear equa-
tion. It uses fasting values for estimation and mostly 
describes hepatic IR and steady state insulin secre-
tion. The constant 405 (22.5 if glucose is expressed 
in mmol/L) is a normalising factor, obtained from an 
“ideal” and “normal” individual, calculated as a product 
of fasting insulin equal to 5 μU/mL and a FPG level of 
81 mg/dL (4.5 mmol/L).

The major advantage of the HOMA1-IR and 
QUICKI models is that they both require one blood 
sample from a fasting patient. The coefficient of vari-
ation for HOMA-IR varies considerably depending 
upon the number of fasting samples obtained and the 
insulin assay used. Therefore, since fasting insulin levels 
have a non-normal skewed distribution, log transfor-
mation may improve the linear correlation with SIclamp 

(27-29,64-66). Moreover, HOMA1-IR does not take 
into account whether the secretion of insulin by the 
pancreatic β cells is altered or if the alteration is sec-
ondary to insulin removal (clearance) (64). Therefore, 
the PG measurement alone will not accurately reflect 
insulin sensitivity in subjects with β-cell dysfunction 
(53, 64, 65).

In most cases, to define the cut-off point for 
HOMA-IR, the determination is made in percentiles 
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Insulin Secretion-Sensitivity Index-2 (ISSI-2) is 
defined as the ratio of the area under the insulin curve 
to the area under the PG curve (as a measure of the 
β-cell response) multiplied by the Matsuda-Defronzo 
index to estimate β- cell function (86). It constitutes 
a surrogate measure of insulin secretion relative to IS 
and emphasizes the pivotal role of impaired insulin se-
cretion in the development of dysregulation of glucose 
homeostasis. Substantially, it refers to the relationship 
between IS and insulin secretion.

In 29 β-TDT patients with normal OGTT and 17 
with 1-h post-load PG levels ≥ 155 mg/dl (8.6 mmol/L) 
we found an inverse correlation between 1-h PG value 
during OGTT and ISSI-2 (r: -0.3298; P: 0.025). More-
over, a significant negative correlation was detected be-
tween ISSI-2 and ALT (r: -0.3262; P: 0.027) (87). In 
support of these finding, Karadas et al. (88) suggested 
that ISSI-2 index in combination with pancreas R2* 
MRI were valuable parameters to identify β-TDT pa-
tients at the highest risk for developing GD.

A pragmatic clinical approach to GD in patients 
with β-TDT: Strengths and weaknesses

The use and interpretation of selected OGTT-
derived surrogate indices can be challenging since 
patients with β-TDT may exhibit a combination of 
decreased insulin secretion and impaired peripheral 
utilization of glucose (23) in the face of elevated oxida-
tive stress that can damage DNA, phospholipids and 
proteins of pancreatic β-cells (89). The strong suscepti-
bility to oxidative stress of these cells is a consequence 
of their high metabolic activity (90), and high rate of 
ROS production, coupled with their weak defence 
mechanisms against oxidative insults (90,91).

Therefore, the main problem for an investigator is 
to understand the role that each index provides and to 
choose the most appropriate indices for clinical purpose.

In the authors’ experience, indices based on a re-
peated PG and insulin measurements, obtained during 
the OGTT, give a more precise estimation of the β-cell 
response, insulin sensitivity and β-cell function than 
those calculated only in fasting state or in a single occa-
sion because the physiology of insulin secretion and IR 
is multidimensional (particularly in β-TDT patients) 
and therefore it is unlikely to be covered adequately by 

by ADA are normal values: > 2.5, IR values ≤ 2.5) (79). 
In youth, WBISI correlates significantly with the 
 euglycemic-hyperinsulinemic clamp (r~0.8) (83).

Mari et al. (82) proposed a method based on a 
physiological glucose-insulin model for measuring IS 
from OGTT. They demonstrated that oral glucose in-
sulin sensitivity index (OGIS120: = f (G0, G90, G120, I0, 
I90, I120, DO; http://www.isib.cnr.it/bioing/ogis/home.
html) was tightly correlated with glucose clamp and is 
considered mainly an index of glucose clearance than 
IS in the liver, muscle and adipocytes (83). The re-
ported OGIS180 value in subjects with normal OGTT 
was 440 ± 16 mL/min/m2 (82).

Other specific indices, including the Gutt index, 
Avignon index and Belfiore index use particular sam-
pling protocols during the OGTT. These indices de-
rived from PG and insulin concentrations reflect both 
muscle and liver sensitivity (29).

c. Disposition index

The product of insulin secretory capacity and in-
sulin sensitivity during OGTT is commonly expressed 
as oral “disposition index” (oDI; early-phase insulin 
response x IS). The IS is calculated by the composite 
whole body insulin IS index, called WBISI or Matsuda- 
Defronzo index [1000/√ (G0x I0) x (Gmean x Imean)] (81). 
The index includes both hepatic and peripheral tissue 
and have been developed from combined of PG and 
insulin excursions during the OGTT.

DI is an expression of the acute insulin response 
adjusted for prevailing insulin sensitivity (IS) and is 
utilized as a measure of β-cell function (84). In healthy 
subjects, the product of IS and insulin secretion is 
constant. Substantially, any environmentally or physi-
ological reduction of IS (e.g., increased body weight, 
puberty, pregnancy or aging) would be compensated by 
an appropriate enhancement of insulin release in pro-
portion to the increase of IR and represents a measure 
of β-cell health status. Thus, β-cell function and insulin 
action can change, but the DI would remain constant.

In subjects with reduced IS, insulin secretion in-
creases but in cases of associated β-cell failure the capacity 
to compensate decreases resulting in lower DI. Efficient 
and accurate methods to estimate IS and β-cell function 
are of great importance for studying the pathogenesis 
and treatment effectiveness in T2DM (29, 84,85).
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surrogate measures of β-cell response, insulin sensi-
tivity and β-cell function. Several homeostatic ap-
proaches have been developed in recent years, each 
with its merits and deficiencies. Nevertheless, data in 
literature on β-TDT patients are still scarce because 
investigators have mainly focused their attention on 
basal indices of IR and have neglected the assess-
ment of early β-cell response and the product of in-
sulin secretory capacity and insulin sensitivity during 
OGTT (disposition index). These indices can detect 
subtle disturbances of glucose metabolism and may 
help in understanding the sequences of pathophysi-
ology underlying glucose dysregulation in β-TDT 
patients. Therefore, a complete panel of  surrogate 
indices should be measured, when feasible, because 
it may improve the patient’s risk prediction with the 
vision of enabling more targeted interventions in the 
era of personalized medicine. Finally, if the imple-
mentation of conventional OGTT is problematic for 
some β-TDT patients and/or centers, preliminary 
personal observations have shown that 1-h PG dur-
ing OGTT ≥ 155 mg/dL could facilitate greater ac-
cess to screening in clinical practice and may serve as 
a simple biomarker to detect high-risk patients (87). 
The potential additional use of other parameters, like 
repeated trajectories of post-load 2-h PG linear in-
crease and progressive decline of HOMA2-%β and 
HOMA2-%S indices (100,101) have not yet tested 
in β-TDT patients.
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a single index (30, 92-94). It is, therefore, wise to use 
more than one index in each study to avoid erroneous 
conclusions (94,95).

Fasting insulin determinations strongly depend 
upon the precision of the assay and small errors greatly 
affect these indices, especially when are calculated on 
a single determination (96). The insulin coefficient of 
variation of four manual enzyme-linked immunosorb-
ent assay (ELISA) kits and three automated chemi-
luminescent (CLIA) assay kits varied between 1.7% 
and 23.2% (92). In view of these results, it is highly 
recommended that, in any given study, one source 
of insulin assay is used throughout and possibly two 
baseline samples are obtained (commonly at -15 and 
0 minutes) for PG and insulin measurements.

In clinical practice, due to the lack of appropriate 
guidelines and scanty information about reference of 
surrogate derived OGTT indices in β-TDT patients, 
establishing their cut-off values is crucial for the better 
validity of results. In general, their usefulness is con-
sidered to be influenced by the degree of correlation 
with gold standard indicators, by their reproducibil-
ity and by their ability to predict diabetes incidence to 
more complex methods (90,97,98).

The most common way for evaluating surro-
gate indices consists in using correlation coefficients 
with the HC and/or HEC. Correlation coefficients 
describe the strength and direction of an association 
between variables. A number of different measures 
of  correlation exist, the two most common being the 
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