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Abstract. Background: Screening for dysglycemia with an annual oral glucose tolerance test 
(OGTT) is recommended in transfusion-dependent β-thalassemia (β-TDT), but adherence in 
routine practice is low. Fasting surrogate indices of β-cell function and insulin sensitivity could 
offer a less burdensome alternative. 
Aims: To evaluate in adult β-TDT patients with normal fasting plasma glucose (FPG < 100 mg/dL): 
(i) the performance of fasting HOMA-2 indices (HOMA2-IR, HOMA2-%β, HOMA2-%S) and 
their disposition index as predictors of dysglycemia, and (ii) the comparative value of basal versus 
dynamic OGTT-derived markers (30-min and 1-h plasma glucose, insulinogenic index [IGI], IGI 
× ISI Matsuda index and IGI/HOMA2-IR), as predictors of hyperglycemia.   
Methods: A single-centre retrospective analysis of 42 β-TDT patients (19 males / 23 females; mean 
age 29.2 ± 5.9 yr) with FPG < 100 mg/dL who underwent a standard 75-g 2-h OGTT between 
January 2011 and September 2025. Patients were classified as those with normal glucose tolerance 
(NGT; n = 19) or those with impaired glucose tolerance (IGT: n= 20) or thalassemia-related 
diabetes mellitus (Th-RDM: n = 3). Fasting and dynamic indices were compared by ANOVA and 
Mann–Whitney U test; associations were tested by Pearson/Spearman correlation and by three 
sequential exploratory multivariable linear regression models with 2-h plasma glucose as the 
dependent variable. ROC analysis with Youden’s index identified optimal hypothesis-generating 
cut-offs. 
Results: Fasting HOMA2-IR, HOMA2-%β and HOMA2-%S did not differ significantly between 
NGT and hyperglycemic patients and were not independent predictors of 2-h plasma glucose. In 
contrast, in the total group,  30-min PG, 1-h PG, IGI, IGI × ISI Matsuda index and IGI/HOMA2-IR 
all differed significantly between groups (p: ≤ 0.0082) and were inversely correlated with 2-h PG. 
Receiver operating characteristic (ROC) analysis and area under the curve (AUC-ROC) were 
used to assess diagnostic performance of the most significant variables. The ROC-AUC cut-offs 
for predicting dysglycemia were 122.5 mg/dL for 30-min PG (sensitivity 0.91, specificity 0.52), 134 
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mg/dL for 1-h PG (0.95, 0.10), 5.7 for IGI × ISI Matsuda index (0.87, 0.47) and 1.33 for IGI/HOMA2-
IR (0.87, 0.57). 
Conclusions: Fasting HOMA-2 indices alone are not reliable predictors of dysglycemia in β-TDT 
patients with PG < 100 mg/dL. The dynamic IGI/HOMA2-IR ratio and the 30-min/1-h post-load 
plasma glucose may help risk-stratify patients with β-TDT and normal fasting glucose; however, 
the proposed cut-offs should be regarded as hypothesis-generating, and prospective multicenter 
validation is required before these indices can be used to modify current OGTT screening 
recommendations. 
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Introduction. An annual 2-h Oral Glucose Tolerance 
Test (OGTT) is recommended as standard of care in 
patients with transfusion-dependent β-thalassemia (β-
TDT) from the age of 10 years, or earlier in the presence 
of severe iron overload, to screen for dysregulation of 
glucose metabolism. In the present study, dysglycemia is 
defined as impaired glucose tolerance (IGT: 2-h plasma 
glucose 140–199 mg/dL) or thalassemia-related diabetes 
mellitus (Th-RDM: 2-h plasma glucose ≥ 200 mg/dL).1 

The clinical expression of glucose dysregulation in β-
TDT is heterogeneous, reflecting several interacting 
factors such as: severity of the genotype and clinical 
phenotype, late initiation of or poor adherence to iron 
chelation therapy, chronic liver disease, overweight/ 
obesity, coexistent endocrinopathies, zinc deficiency, 
and splenectomy.2-4 

Although the importance of annual screening with 
OGTT is widely recognized, adherence rate remains as 
low as 41.3%  in routine clinical practice.5 Lack of 
infrastructure and organization of care, fragmentation 
between providers, cost and location of services may 
contribute to low screening rates, as well as patients' 
characteristics, such as age, ethnicity, educational status, 
and poor tolerability of standardized glucose solution.5  
Because β-TDT patients already undergo a large battery 
of annual investigations, the added burden of an OGTT 
on its own is a plausible driver of the low adherence rate, 
highlighting the need for exploring a less time 
consuming screenin test applicable in daily clinical 
practice.  

Several alternative screening tools have been 
proposed, including HbA1c, fructosamine and glycated 
albumin; however, their performance in β-TDT is limited 
because chronic transfusion, ineffective erythropoiesis 

and shortened red-cell lifespan distort these 
biomarkers.6,7 Continuous glucose monitoring (CGM) is 
a promising option, allowing real-time assessment of 
glycemic variability and earlier detection of dysglycemia 
in patients at high risk;8 however, device cost, training 
requirements and data-interpretation challenges 
currently preclude routine use in most thalassemia 
centres. 

An alternative approach is selective screening based 
on the presence of patient's risk factors.  

A study conducted in Italy by Pepe et al.9 in a cohort 
of 1,079 β-TDT patients (576 females and 503 males, 
mean age 37.7 ± 10.1 years, age range 7–65 years) 
reported that a fasting plasma glucose (FPG) value of 98 
mg/dL predicted the presence of an abnormal OGTT 
(defined as IGT or Th-RDM) with a sensitivity of 60.4% 
and a specificity of 95.9%. This cut-off is highly specific 
but detects fewer than two-thirds of patients with an 
abnormal OGTT, highlighting the need for 
complementary markers. A lower FPG cut-off value 
(87.5 mg/dL) was reported in a study conducted in Iran 
(Tehran and Shiraz) and Italy (Ferrara) in patients who 
developed Th-RDM.10 

In an attempt to reduce the costs and address the poor 
patients' adherence to OGTT, Dritsa et al.11 have 
suggested performing OGTT only in the presence of the 
following characteristics: (i) patients at the beginning of 
puberty, (ii) fasting plasma glucose above 100 mg/dL, 
and (iii) homeostasis model assessment of insulin 
resistance (HOMA1-IR) above 1.85. Adopting these 
criteria, the researchers obtained a reduction of requested 
OGTTs equal to 46.4%. 

The use of HOMA2-IR, HOMA2 β-cell function 
(%β) and insulin sensitivity (%S), calculated from 
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fasting plasma glucose and insulin level, could be a 
convenient minimally invasive alternative first-line 
screening approach to evaluate the progression risk of β-
cell failure and peripheral resistance to insulin action.12,13 

The main aim of our retrospective observational study 
was to assess in young adult β-TDT patients with normal 
fasting plasma glucose (< 100 mg/dL) the association 
between clinical and laboratory variables, fasting 
HOMA-2 indices of insulin secretion and sensitivity 
(HOMA2-IR, HOMA2-%β, HOMA2-%S) and the 
fasting disposition index (HOMA2-%S/100 × 
HOMA2-%β/100) with 2-h OGTT outcome (NGT, IGT 
or Th-RDM). The secondary aims were: (i) to compare 
the predictive performance of fasting versus dynamic 
(OGTT-derived) surrogate indices of β-cell function and 
insulin sensitivity; and (ii) to determine optimal cut-off 
values for the most informative indices.   
 
Materials and Methods 
Study subjects and eligibility criteria. We retrospectively 
reviewed the medical records of 119 β-TDT patients who 
were referred, between January 2011 and September 
2025, to a single Italian Outpatients Clinic experienced 
in Endocrinopathies of Thalassemias for an endocrine 
evaluation or second opinion. 

Eligibility criteria for patients' inclusion were: (a) β-
TDT patients with confirmed FPG < 100 mg/dL who 
underwent a 2-h OGTT; (b) patients receiving regular 
blood transfusions and early iron chelation therapy; and 
(c) patients older than 18 years. The main exclusion 
criteria were: (a) non-transfusion-dependent thalassemia 
(NTDT) patients; (b) bone-marrow-transplanted 
patients; (c) pregnancy; (d) patients on medications 
influencing glucose metabolism (thiazide diuretics, beta-
blockers, corticosteroids); (e) patients with incomplete 
clinical, biochemical and treatment data; and (f) patients 
with positive history of recent surgery or illness. 

Of 119 patients initially screened, 77 were excluded 
(FPG ≥ 100 mg/dL, n = 19; NTDT, n = 7; age < 18 yr, n 
= 31 medication influencing glucose homeostasis, n = 4; 
incomplete data, n = 14; recent illness or surgery, n= 2, 
leaving 42 patients for analysis.  
 
Patients' sample size, genotype and OGTT procedure. A 
total of 42 patients were included in the study (19 males 
and 23 females). β-TDT was diagnosed using complete 
blood count, hemoglobin HPLC, and molecular 
characterization of the β-globin genotype in 22/42 
patients (52.4%); in the remaining 20 patients the 
diagnosis was based on transfusion dependence since 
early childhood, hematological indices and hemoglobin 
HPLC. 

OGTT was performed at 08:30–09:00 h following a 
10-hour overnight fast. A standard 75-g oral glucose load 
(dissolved in 300 mL of water) was administered over 5 
minutes. Patients were instructed to maintain their usual 

dietary carbohydrate intake (≥ 150 g/day) for 3 days 
preceding the test and to fast overnight for 10 hours. 
Venous blood samples were taken at 0, 30, 60 and 120 
minutes after glucose loading for measurements of 
plasma glucose (PG) and insulin concentrations. After 
centrifugation, PG was measured on the day of sample 
collection by the glucose oxidase method on an 
automated analyzer (ADVIA XPT clinical chemistry 
analyzer, Siemens Healthineers) and expressed in mg/dL. 
Insulin was measured by chemiluminescence 
immunoassay and expressed in μU/mL. 

Glycemic status was classified according to the 2025 
criteria of the American Diabetes Association:14 normal 
glucose tolerance (NGT: FPG < 100 mg/dL and 2-h PG 
< 140 mg/dL), impaired glucose tolerance (IGT: 2-h PG 
140–199 mg/dL) and thalassemia-related diabetes 
mellitus (Th-RDM: 2-h PG ≥ 200 mg/dL). The ADA 
thresholds are derived from adult epidemiological data 
showing an inflection in the risk of diabetes-related 
retinopathy above these values. 
 
Clinical and biochemical measurements. The following 
data were collected on the day of the OGTT: age, sex, 
anthropometric measurements (height, weight, body 
mass index), patient's medical history (age at first 
transfusion, history of splenectomy, type and dose of 
chelating drugs, family history of diabetes) and relevant 
biochemical and hematological evaluations. 

Height and weight were measured according to 
international recommendations. Body mass index (BMI) 
was calculated as weight (kg) divided by the square of 
height (m²). BMI was classified according to WHO adult 
criteria as underweight (< 18.5 kg/m²), normal weight 
(18.5–24.9 kg/m²), overweight (25.0–29.9 kg/m²) and 
obesity (≥ 30 kg/m²).15 

Standard methods were used for all biochemical 
parameters. Alanine aminotransferase (ALT) was 
determined on an automated analyzer, and iron overload 
(IOL) was assessed by serum ferritin (SF, μg/L). IOL 
was arbitrarily classified as mild (SF < 800 μg/L), 
moderate (SF ≥ 800 and < 1,500 μg/L), high (SF ≥ 1,500 
and < 3,000 μg/L) and severe (SF ≥ 3,000 μg/L). Serum 
ferritin is an imperfect surrogate of tissue iron burden; 
liver and pancreatic T2* MRI remain the reference 
standard but were not uniformly available in the 
historical records. SF was measured by chemi-
luminescence immunoassay. 
 
Calculation of variables derived from OGTT. The 
following basal indices of insulin secretion and 
sensitivity/resistance were calculated:  

HOMA2-IR, HOMA2-%β, HOMA2-%S, and the 
fasting disposition index (HOMA2-%S/100 × 
HOMA2-%β/100).16-18 All were calculated using the 
web-based HOMA-2 Calculator of Oxford University 
(HOMA Calculator version 2.2; 
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https://www.dtu.ox.ac.uk/homacalculator/). The 
HOMA-2 calculator incorporates a non-linear algorithm 
that accounts for hepatic and peripheral insulin dynamics 
and is considered more physiologically accurate than the 
original HOMA1. Using the cut-offs proposed by 
Kristensen et al.,16 an HOMA2-% β value ≥ 100% was 
considered normal; values < 63.6% combined with 
elevated HOMA2-%S defined the insulinopenic subtype, 
whereas HOMA2-IR > 1.5 (90th percentile for adults 
aged 29–59 years) combined with HOMA2-%S < 59.9 % 
defined the hyperinsulinemic subtype.16-18 

Insulin sensitivity derived from the OGTT was 
estimated as proposed by Matsuda and DeFronzo19: ISI 
Matsuda index = 10 000/ √[fasting insulin (μU/mL) × FPG 
(mg/dL) × mean OGTT glucose 0–120 (mg/dL) × mean 
OGTT insulin 0–120 (μU/mL)]. The ISI Matsuda index 
combines both hepatic and peripheral tissue insulin 
sensitivity.19 Despite the wide use of these models, a 
universal cut-off or reference range has not been 
established for clinical classifications of normal, insulin-
resistant, prediabetic and/or type 2 diabetes mellitus.20 A 
higher ISI Matsuda index indicates greater insulin 
sensitivity. 

To account for patients’ β-cell compensation, insulin 
secretion (HOMA2-% β) was plotted as a function of 
insulin sensitivity (HOMA2-% S) using the formula:  
HOMA2-% S/100 × HOMA2-% β/100. The index was 
compared with β-cell compensation during OGTT, the 
so-called oral disposition index (oDI), that reflects the 
hyperbolic relationship between insulin secretion and 
insulin sensitivity, from 0 to 120 minutes, calculated by 
insulinogenic index (IGI: Δ Insulin 0–30/Δ Glucose 0–30) × 
ISI Matsuda. index 20 and to IGI/HOMA 2- IR.  
 
Statistical analysis. Data are reported as mean ± standard 
deviation (SD), count, percentage (%) and 95% 
confidence interval (CI) for categorical variables. The 
Kolmogorov–Smirnov test was used to verify normality 
of distribution. One-way analysis of variance (ANOVA) 
with Tukey's post-hoc test was performed to compare 
means of continuous variables with normal distribution; 
the Mann–Whitney U test was used for continuous 
variables with skewed distributions. The association 
between categorical variables was tested using the chi-
square test. Pearson linear correlation coefficient (r) was 
determined for normally distributed variables, whereas 
Spearman's rank correlation coefficient [ρ (rho)] was 
used for variables that remained skewed after log 
transformation. A correlation coefficient < 0.10 was 
considered negligible, 0.10 – 0.39 weak, 0.40 – 0.69 
moderate, 0.70–0.89 strong and 0.90 –1.00 very strong. 

Three sequential exploratory multivariable linear 
regression models were fitted with 2-h plasma glucose as 
the dependent variable. Model 1 included demographic 
and clinical covariates (age, sex, history of splenectomy, 
positive family history of diabetes type 1 or 2, BMI, ALT, 

type of iron chelating agent and serum ferritin). Model 2 
added fasting HOMA-2 indices (HOMA2-IR, 
HOMA2-%β, HOMA2-%S and the fasting disposition 
index HOMA2-% S/100 × HOMA2-% β/100). Model 3 
added dynamic OGTT-derived indices (IGI, IGI Χ ISI 
Matsuda index and IGI/HOMA2-IR). Beta coefficients, t-
statistics and overall model significance (ANOVA F-
test) are reported. Variance inflation factors were 
inspected to assess multicollinearity. Given the small 
cohort size (n = 42) and the limited number of events in 
the diabetic subgroup (n = 3), all regression models 
should be regarded as exploratory and hypothesis-
generating; the number of predictors relative to the 
sample size raises the possibility of overfitting, and 
results should not be interpreted as definitive 
independent predictors. 

Receiver operating characteristic (ROC) analysis and 
area under the curve (AUC-ROC) were used to assess 
diagnostic performance of the most significant  variables 
An AUC-ROC value of 0.5 indicates that the test is no 
better than chance; values above 0.80 were considered 
clinically useful and above 0.90 of diagnostic value, 
while AUC values below 0.80 — even if statistically 
significant — were interpreted as fair and of limited 
clinical performance. The 95% confidence interval was 
reported for each AUC; a narrow CI indicates that the 
AUC value is likely accurate, a wide CI that it is less 
reliable. ROC analysis and Youden's index (sensitivity + 
specificity − 1) were used to identify the optimal cut-off 
maximizing both metrics. Paired ROC curves were 
compared using the DeLong method.  

Data analysis was carried out using R version 4.2.1 
(R Core Team, 2022) and Statistics Kingdom 
calculators; Melbourne, Australia, 2017 
(http://www.statskingdom.com). Statistical tests were 
two-sided and a P value < 0.05 was considered 
statistically significant. 
 
Ethics. All participants gave informed consent in 
accordance with the principles of the Declaration of 
Helsinki and its later amendments in 2020 
(www.wma.net) after a detailed explanation of the 
procedures for performing the OGTT, as well as the 
nature and purpose of the test. In our retrospective 
observational study, patients underwent only routine 
diagnostic procedures according to current 
recommendations or guidelines.21,22 No additional 
interventions were provided. Researchers were only 
allowed to access the database for analysis purposes, and 
the database did not contain any personal identifying 
information. In accordance with the Italian Data 
Protection Authority General Authorisation no. 9/2014,23 
given the retrospective nature of the analysis and the use 
of fully anonymised data the requirement of Ethics 
Committee was waived. 
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Table 1. Demographic, clinical and laboratory variables in 42 transfusion-dependent β-thalassemia patients (β-TDT) with normal fasting 
plasma glucose (PG < 100 mg/dL) at the time of OGTT. 

Variables Result (mean ± SD) 

Age (yr) [95% CI] 29.2 ± 5.9 [27.4–30.9] 

Gender (M/F) 19/23 

Positive family history for diabetes (type 1 or 2) 12/42 (28.6%) 

History of splenectomy  14/42 (33.3%) 

BMI (Kg/m²) 22.9 ± 2.4 

Pre-transfusion hemoglobin level (g/dL) 9.0 ± 0.29 

Serum ferritin (μg/L) [95% CI] 1070.3 ± 813.5 [824.2–1316.3] 

Alanine aminotransferase (IU/L) [95% CI] 33.1 ± 13.2 [29.1–37.0] 

Iron chelation (DFO; DFP; DFX; DFO+DFP) 9 (21.4%) / 15 (35.7%) / 13 (30.9%) / 5 (11.9%) 

Legend: CI = 95% confidence interval; DFO = desferrioxamine; DFP = deferiprone; DFX = deferasirox. 
 
Results 
Description of the cohort. The baseline characteristics of 
the 42 β-TDT patients are outlined in Table 1. Their 
mean age was 29.2 ± 5.9 years with a BMI of 22.9 ± 2.4 
Kg/m² at OGTT. Eight patients (two males and six 
females) were overweight (BMI 27.1 ± 1.1 kg/m², 
median 26.9, range 26.1–29.4 kg/m²). 

SF was mild (< 800 μg/L) in 26/42 (61.9%), moderate 
(≥ 800 and < 1,500 μg/L) in 6/42 (14.3%), high (≥ 1,500 
and < 3,000 μg/L) in 9/42 (21.4%), and severe (≥ 3,000 
μg/L) in 1/42 (2.4%). For the treatment of iron overload, 
the following chelators were used at the time of OGTT: 
desferrioxamine (DFO) in 9/42 (21.4%), deferiprone 
(DFP) in 15/42 (35.7%), deferasirox (DFX) in 13/42 
(30.9%) and DFO + DFP in 5/42 (11.9%). 

 
Analysis of OGTT and derived indices of insulin 
secretion and sensitivity/resistance. β-TDT patients with 
normal FPG were divided into two groups according to 
2-h PG concentrations during OGTT: 19 patients had 
normal glucose tolerance (Group A) and 23 patients had 
impaired glucose tolerance or Th-RDM (Group B) 
(Table 2). 

PG levels at 30 minutes and 1-hour after glucose load 
were significantly higher in Group B than in Group A (p: 
< 0.0001). A HOMA-2 insulinopenic subtype was 
present in 9/19 (47.4%) patients of Group A and 7/23 
(30.4%) of Group B (χ2: 1.245; p: 0.26). The 
hyperinsulinemic subtype was present in 1/19 (5.2%) 
patients of Group A and 3/23 (13.0%) of Group B (χ2:  
0.721; p: 0.39). 

The most relevant differences between Group A and 
Group B were related to the 30-min and 1-h PG and the 
dynamic surrogate indices of early-phase insulin 
secretion, sensitivity/resistance and oDI (IGI × ISI Matsuda 
index and IGI/HOMA2-IR (Table 2). HOMA2-%β was 

not different between the two groups, probably because 
this index relies on fasting insulin, whereas β-TDT 
patients mostly present with stimulated-insulin secretion 
abnormalities; a fasting-based index may, therefore, not 
accurately estimate the reduced early-phase insulin 
secretion observed in β-TDT. 

 
Correlations and diagnostic performance of predictors 
of dysglycemia in the total group of 42 β-TDT patients. 
A statistically significant inverse correlation was 
observed between patient age and SF level (r = −0.404; 
p = 0.0078), but not with BMI or ALT. 

No correlation was present between FPG and 2-h PG 
after glucose load (r = 0.1505; p = 0.34) in the total group 
of 42 patients. 

The significant correlations of the fasting indices 
HOMA2-IR, HOMA2-% β, HOMA2-% S and the 
fasting disposition index (HOMA2-%S/100 × 
HOMA2-% β/100) with 2-h PG and other variables are 
reported in bold in Table 3. HOMA2-% S/100 × 
HOMA2-% β/100 was negatively correlated with 1-h PG 
and positively correlated with the two dynamic oral 
disposition indices (IGI/HOMA2-IR and ISI Matsuda 

index). 
A moderate or strong positive correlation, using 

Pearson or Spearman's rho, was found between 30-min 
and 1-h PG versus 2-h PG after glucose load, while an 
inverse correlation was present with the early first-phase 
insulin response (IGI) (Table 3). IGI was inversely 
correlated with 2-h PG after glucose load (r= - 0.66; p= 
0.000002).  

Moreover, IGI × ISI Matsuda index and IGI/HOMA2-IR 
were negatively correlated with 2-h PG (Table 3 and 
Figure 1). Both dynamic disposition indices were also 
strongly positively correlated with the insulinogenic 
index (IGI).  
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Table 2. Demographic characteristics, biochemical parameters, oral glucose tolerance test and derived indices of insulin secretion, 
sensitivity/resistance and oral disposition index in 42 β-TDT patients. 

Variables Group A (NGT)  
mean ± SD 

Group B  
(IGT + Th-RDM)  

mean ± SD 

A vs B  
p-value 

Number of β-TDT patients 19 23 — 
Mean age (yr) 30.9 ± 5.7 30.1 ± 6.2 0.11 
Gender (Females / Males) 12 / 7 11 / 12 0.23 
Serum ferritin (μg/L) at OGTT 1054.3 ± 720.6 1058.3 ± 743.4 0.98 
Alanine aminotransferase (U/L) 31.7 ± 23 32.8 ± 10.5 0.63 

Fasting PG (mg/dL) [95% CI] 88.8 ± 5.0  
[85.5–92.1] 

90.7 ± 6.2 
 [87.0–94.4] 0.29 

PG 30 min during OGTT (mg/dL) 125.1 ± 15.4 159.8 ± 30.2 < 0.001 
PG 1 h during OGTT (mg/dL) 121.5 ± 15.4 181.3 ± 35.1 < 0.001 
PG 2 h during OGTT (mg/dL) 119.6 ± 14.7 173.3 ± 28.3 < 0.001 
HOMA2-IR 0.75 ± 0.36 0.85 ± 0.44 0.43 
HOMA2-% β 80.4 ± 27.9 82.4 ± 28.8 0.48 
HOMA2-% S 156.3 ± 57.0 143.2 ± 60.8 0.47 
Insulinogenic index (IGI₀–₃₀) 0.87 ± 0.54 0.45 ± 0.21 0.0052 
IGI × ISI Matsuda index 6.73 ± 3.66 2.99 ± 1.92 < 0.001 
IGI / HOMA2-IR 1.26 ± 0.75 0.70 ± 0.43 0.0082 
HOMA2-%β/100 × HOMA2-%S/100 1.10 ± 0.17 1.00 ± 0.30 0.18 

Legend: CI = confidence interval; PG = plasma glucose; OGTT = oral glucose tolerance test; HOMA2 = Homeostatic Model Assessment 2 
for insulin resistance (IR), β-cell function (%β) and sensitivity (%S); IGI = early first-phase insulinogenic index; NGT = normal glucose 
tolerance; IGT = impaired glucose tolerance; Th-RDM = thalassemia-related diabetes mellitus. 

 
Table 3. Pearson and Spearman's Rho (ρ) rank correlations of PG levels at 30 and 60 minutes after glucose load, and of basal and dynamic 
surrogate indices of insulin secretion and sensitivity/resistance, in 42 β-TDT subjects.  

Variables PG 1-h PG 2-h IGI IGI × ISI 
Matsuda index 

IGI / 
HOMA2-IR 

HOMA2-%S/100 × 
HOMA2-%β /100 

Age (yr) −0.291 
(0.060) 

−0.299 
(0.054) 

0.172 
(0.27) 

0.146  
(0.35) 

0.154  
(0.32) 

0.048  
(0.75) 

HOMA2-IR 0.2726 
(0.040) 0.1760 (0.13) −0.0208 

(0.44) 
−0.5235  

(0.00018) 
−0.4614 
(0.0010) 

−0.7737  
(<0.00001) 

HOMA2-%β 0.2003 (0.10) 0.1382 (0.19) 0.0695 
(0.33) 

−0.3592  
(0.0097) 

−0.3033 
(0.025) 

−0.4432  
(0.0016) 

HOMA2-%S −0.2710 
(0.041) 

−0.1750 
(0.13) 

0.0265 
(0.43) 

0.5282  
(0.00016) 

0.4669 
(0.00091) 

0.7814  
(<0.00001) 

IGI / HOMA2-IR −0.497 
(0.00040) 

−0.429 
(0.0044) 

0.845 
(<0.00001) 

0.897  
(<0.00001) — −0.066  

(0.65) 

HOMA2-% S/100 
× HOMA2-% β/100 

− 0.3405 
(0.013) 

− 0.2357 
(0.066) 

0.0117 
(0.47) 

0.478  
(0.0006) 

0.356  
(0.010) — 

IGI × ISI Matsuda − 0.748 
(<0.00001) 

−0.648 
(<0.00001) 

0.766 
(<0.00001) — 0.897 

(<0.00001) 
0.478  

(0.0006) 

PG 30 min after 
OGTT 

0.744 
(<0.00001) 

0.672 
(<0.0001) 

− 0.333 
(0.015) 

− 0.659 
(<0.00001) 

− 0.390 
(0.0052) 

− 0.260  
(0.047) 

PG 1 h after OGTT — 0.812 
(<0.00001) 

− 0.498 
(<0.0001) 

− 0.684 
(<0.00001) 

− 0.519 
(<0.0001) 

− 0.3405  
(0.013) 

Legend: each cell box shows the correlation coefficient with the p-value in parentheses. Statistically significant correlations are shown in bold. 
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Figure 1. Comparison of dynamic OGTT-derived indices (panel A) and fasting HOMA-2 indices (panel B) between β-TDT patients with 
normal glucose tolerance (NGT, blue) and patients with hyperglycemia (IGT/Th-RDM, red). Bars show mean ± standard deviation. All three 
dynamic indices (insulinogenic index, IGI × ISI Matsuda index and IGI/HOMA2-IR) discriminate significantly between groups (p: ≤ 0.0082), 
whereas none of the fasting HOMA-2 indices (HOMA2-IR, HOMA2-% β, HOMA2-% S) differ between groups (all p ≥ 0.43). This contrast 
is the central finding of the study. 
 
Table 4. Summary of multivariable linear regression analyses evaluating the association of independent variables with 2-h plasma glucose 
after OGTT (three sequential exploratory regression models) in 42 β-TDT patients. 

Independent variables Coefficient t-statistic Model significance 
(ANOVA) 

(i) Age −1.8096 −2.3308 < 0.05 

(ii) PG 30 min after glucose load 0.6012 2.7219 < 0.01 

(ii) PG 1-h after glucose load 0.6334 5.3706 < 0.01 

(iii) IGI −51.8123 −1.6335 < 0.05 

(iii) IGI × ISI Matsuda −8.0454 −1.9732 < 0.05 

(iii) IGI / HOMA2-IR 50.1514 2.2817 < 0.05 

Legend: (i) first; (ii) second, and (iii) third exploratory regression models. 
 
Interestingly, in the subgroup of 23 β-TDT patients 

with hyperglycemia, the fasting disposition index was 
inversely correlated with plasma glucose at all OGTT 
time points: 0 min (ρ = −0.56, p = 0.005), 30 min (ρ = 
−0.44, p: 0.035), 60 min (ρ = −0.44, p: 0.034) and 120 
min (ρ = −0.47, p :0.023). 

The multivariable regression analyses (Table 4) 
highlighted three findings relevant to dysglycemia risk: 
(i) age was inversely associated with 2-h PG; (ii) 30-min 
and 1-h PG levels during OGTT were strong positive 
predictors of 2-h PG; (iii) the insulinogenic index and its 
combination with insulin sensitivity (IGI × ISI Matsuda 

index) or fasting insulin resistance (IGI/HOMA2-IR) 
were independent predictors, confirming the pivotal role 
of β-cell compensation normalized to insulin sensitivity 
(oral disposition index). 

The areas under the receiver operating characteristic 
curves (AUC-ROC) used to compare the power of 30-
min and 1-h PG, IGI × ISI Matsuda and IGI/HOMA2-IR 
as predictors of dysglycemia are illustrated in Figures 2 
and 3. 
 
Discussion. The development of dysglycemia in β-TDT 
patients is often asymptomatic, begins insidiously and 
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Figure 2. ROC curves of 30-min and 1-h PG as predictors of 
dysglycemia (IGT and Th-RDM) at 2-h after glucose load. The 
optimal cut-off (point closest to the upper-left corner of the graph) 
corresponds to a PG level of 122.5 mg/dL at 30 min (sensitivity 0.91, 
specificity 0.52) and 134 mg/dL at 1-h (sensitivity 0.95, specificity 
0.10). These cut-offs may be useful for ruling out dysglycemia but are 
not adequate, individually, to replace OGTT or diagnose 
dysglycemia; the 1-h PG cut-off in particular has very poor specificity 
and should not be used as a stand-alone discriminator. 1-h PG vs. 30 
min, after glucose load (p: 0.022).  
 
remains undetected for a long time. Fasting 
hyperglycemia usually emerges in the late stages of 
dysglycemia, while ketoacidosis is a rare occurrence.2-4 
Therefore, early identification of dysglycemia through 
routine OGTT screening is of great value.4,5 The OGTT 
is the standard approach to assess glucose metabolism 
and the reference standard for diagnosing diabetes 
mellitus. 

The utility of the OGTT has been further extended by 
introducing models to estimate insulin secretion and 
activity. Several surrogate indices of insulin secretion 
and sensitivity/resistance have been proposed based on 
measurable parameters obtained in the fasting state or 
after glucose load.24,25 The major value of fasting 
surrogate indexes is their simplicity, as they require only 
the measurement of glucose and insulin after 8 to 10 
hours of fasting. 

Although the HOMA model is the most widely used 
surrogate index for assessing insulin resistance and β-cell 
function in clinical and epidemiological studies, to our 
knowledge this is the first study that comprehensively 
assessed the fasting indices of HOMA-2 as predictors of 
dysglycemia risk in patients with β-TDT. We tested the 
performance of HOMA-2 [HOMA2-IR, β-cell function 
(HOMA2-% β) and insulin sensitivity (HOMA2-% S)] 
in 42 β-TDT patients with normal fasting plasma glucose 
and at different stages of glucose-insulin metabolism and 
compared the results with dynamic measures assessed 
during OGTT. 2-4 

HOMA-2 is derived from a computer-solved model 
that assumes defined relationships between basal plasma 
glucose   and   insulin   concentration.   The   calculation 

 
Figure 3. ROC curves of IGI × ISI Matsuda and IGI/HOMA2-IR as 
predictors of dysglycemia (IGT and Th-RDM) at 2 h. The optimal 
cut-off corresponds to 5.7 for IGI × ISI Matsuda (sensitivity 0.87, 
specificity 0.47) and 1.33 for IGI/HOMA2-IR (sensitivity 0.87, 
specificity 0.57). IGI × ISI Matsuda index vs. IGI/HOMA2-IR= p:0.076. 

 
accounts for hepatic and peripheral glucose resistance 
variations and insulin secretion in the presence of higher 
plasma glucose concentrations. The index has been used 
extensively to predict progression to type 2 diabetes and 
has been validated against the euglycemic-
hyperinsulinemic clamp.26 

In this single-centre retrospective analysis of 42 
young adult β-TDT patients with normal fasting plasma 
glucose, we observed three variables of potential clinical 
relevance. Firstly, fasting HOMA-2 indices (HOMA2-IR, 
HOMA2-%β, HOMA2-%S) did not discriminate 
between normal and impaired glucose tolerance; 
secondly, the fasting disposition index 
(HOMA2-%S/100 × HOMA2-%β/100) was correlated 
with 1-h PG in the whole cohort and with all post-load 
time points in the hyperglycemic subgroup, and thirdly, 
the combined IGI/HOMA2-IR ratio improved predictive 
performance. The Youden-optimal cut-off for 
IGI/HOMA2-IR as a predictor of dysglycemia (IGT and 
Th-RDM) was 1.33. These cut-offs are, however, 
hypothesis-generating given the small cohort size and the 
very limited number of patients with Th-RDM (n. = 3); 
they should not be regarded as clinically actionable 
screening thresholds pending prospective multicenter 
validation.  

These findings suggest deficient insulin secretion as 
the main pathophysiological process of dysglycemia, 
while insulin resistance makes a minor contribution. The 
vulnerability of early-phase insulin secretion in β-TDT is 
consistent with evidence that pancreatic β-cells are an 
early target of iron-mediated oxidative damage, with iron 
preferentially accumulating in islet cells before fasting 
hyperglycemia becomes manifest.27 Fasting HOMA-2 
indices, which integrate hepatic insulin clearance and 
basal secretion, therefore remain in the normal range 
long after the dynamic β-cell reserve begins to decline;  
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Figure 4. Graphical abstract summarizing the clinical message of the study. Panel A: fasting HOMA-2 indices (exemplified by HOMA2-
IR) do not differ between NGT and dysglycemic β-TDT patients. Panel B: dynamic OGTT-derived indices (IGI, IGI × ISI Matsuda, 
IGI/HOMA2-IR) discriminate significantly between the two groups (p ≤ 0.008). Panel C: proposed screening cut-offs — β-TDT patients with 
normal fasting plasma glucose who simultaneously meet all three criteria (30-min PG < 122.5 mg/dL, 1-h PG < 134 mg/dL, IGI/HOMA2-IR 
≥ 1.33) can be considered at low risk of dysglycemia. Of note, these indices should be viewed as complementary rather than substitutive tools. 
 
this  explains the poor predictive value in our cohort and 
reinforces the need for provocative testing. 

In essence, our data do not support the use of fasting 
HOMA-2 indices, individually, as reliable predictors of 
dysglycemia — or as sufficient tools to rule it out — in 
β-TDT patients with normal fasting glucose. However, 
model performance improved substantially when fasting 
insulin resistance was combined with the early-phase 
insulin response during the OGTT.  

The multivariable regression analyses, performed 
using three sequential exploratory models to determine 
the association with the dependent variable 2-h PG after 
OGTT in the total group of patients, underline the 
importance of 3 key findings: (i) a significant inverse 
correlation of age with iron overload, assessed by serum 
ferritin; (ii) the critical role of early-phase insulin 
secretion post glucose load, as documented by the 
performance of IGI and PG levels at 30 min and 1-h after 
OGTT; and (iii) the pivotal role of the oral disposition 
index as a quantitative measure of β-cell function 
normalized to the degree of insulin sensitivity. 

Our data reinforce the continued clinical importance 
of effective iron chelation. The inverse correlation we 
observed between patient age and serum ferritin (r = 
−0.404, p = 0.008) most likely reflects the cumulative 
benefit of prolonged chelation in well compliant adult 
patients.28 Nevertheless, real-world adherence to daily 
oral chelation therapy remains suboptimal (with few 
exceptions); this is an issue that any screening strategy 
for dysglycemia must be pragmatic enough to accept. 
Patients' age, lifelong duration of chelation and the 
absence of short-term benefits are considered the major 
factors responsible for suboptimal compliance. Higher 
PG levels at 30 min and 1-h PG, as a proxy for first-phase 
insulin, strongly correlated with the 2-h post-challenge 
PG. These observations could represent a promising 

indicator for the follow-up of patients with 
dysglycemia.29,30 

We acknowledge the limitations of the present study. 
Firstly, we did not recruit a control group and cohort size 
was small, which may minimize the generalization of our 
results. Future studies with larger cohorts and diverse 
subpopulations are needed validate the findings of this 
study and explore additional factors that may be 
associated with dysglycemia. Secondly, the diagnosis of 
dysglycemia was based on a single OGTT that might 
impact the classification of glycemic status; however, 
our results reflect real-life practice, where chances of 
repeated OGTT are limited. Thirdly, the role and cut-offs 
for mid-OGTT glucose levels need to be further studied 
in other populations. Fourthly, the data are retrospective 
and cross-sectional, and we did not capture the overall 
progression of dysglycemia in high-risk patients. Fifthly, 
with only 3 patients in the Th-RDM category, our 
multivariable models approach the lower limit of 
statistical reliability (events-per-variable ≈ 3–4), and the 
cut-offs we report should be regarded as hypothesis-
generating rather than definitive. Sixthly, pancreatic iron 
content was estimated indirectly from serum ferritin; 
since pancreatic iron is biologically central to β-cell 
dysfunction in thalassemia, this is an important 
limitation that must be emphasized. Serum ferritin is an 
imperfect surrogate for pancreatic iron burden and 
should not be overinterpreted in this context. Pancreatic 
T2* MRI — the reference standard — was not available 
for all patients during the study period, and its 
incorporation in future prospective work would allow 
direct linkage between pancreatic iron load and dynamic 
β-cell indices. Finally, our data derive from a single 
Italian centre and ethnic and environmental variability 
may limit generalizability. 

The main clinical messages of the study are 
summarized in Figure 4.  

http://www.mjhid.org/


 
  www.mjhid.org Mediterr J Hematol Infect Dis 2026; 18; e2026056                                                         Pag. 10 / 11 

 

 
Conclusions. In β-TDT patients with normal fasting 
plasma glucose, fasting HOMA-2 indices alone are 
insufficient to identify patients at high risk of glucose 
dysregulation. A screening protocol, incorporating a 
short 1-hour version of OGTT and the combination of 
IGI/HOMA2-IR, may identify patients at low risk of 
dysglycemia and offer an adjunctive rather than 
standalone tool to reduce the annual frequency of OGTT. 
Prospective, multicentre validation of reported 
thresholds is the logical next step, ideally coupled with 
pancreatic T2* MRI. 
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