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ABSTRACT 
Background: Beta thalassemia is correlated with liver dysfunction resulting from repeated blood transfusions and treatment with iron 

chelating agents (ICAs).  

Objective: To investigate the indices derived from liver enzymes and hemoglobin (Hb) as a laboratory tool for assessing liver 

dysfunction and to clarify its relationship to the use of ICAs.  

Patients and procedures: This retrospective cross-sectional descriptive analysis was performed on the Beta thalassemia major patients 

who were presented at the Sulaimani Thalassemia Center, Kurdistan Region, Iraq. Patients were classified into three groups according 

to their treatment: blood transfusion only (Group I), blood transfusion combined with deferasirox (Group II), and blood transfusion 

combined with deferoxamine (Group III). The primary outcome is ratios and indices derived from liver enzymes and Hb, and the 

secondary outcome is the hematological indices. 

Results: Alanine or aspartate to Hb ratios and indices were increased significantly in Group II compared with Groups I or III. Alanine 

aminotransferase (ALT) to Hb index at a cut-off value of 9.0 was found to be a sensitive (85–95%) for liver dysfunction and specific 

(85%) for liver dysfunction in Group II. There were no significant changes in the hematological indices, while ALT and AST levels 

were significantly higher in Group II.  

Conclusion: An important indicator of hemolytic anemia and liver dysfunction in thalassemia patients on deferasirox is the ALT-Hb 

index, which can be used to monitor the patients. 
https://creativecommons.org/licenses/by-nc/4.0/ 
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1 Introduction  

Beta thalassemia major is characterized by a disorder in the β-

globin chain of hemoglobin (Hb). β-thalassemia major is 

managed with regular blood transfusions combined with iron 

chelators to overcome the iron overload, which is the reason of 

cardiac, liver, and endocrine co-morbidities [1-3].  Most studies 

carried out on patients with Beta thalassemia have shown liver 

dysfunction characterized by elevations of liver enzymes, such as 

alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), alkaline phosphatase (ALP), and bilirubin levels 

compared with healthy subjects [2,4,5]. Liver dysfunction in β-

thalassemia is attributed to the hepatic iron overload and 

concomitant illness with viral hepatitis, as a significant linkage 

between serum ferritin and liver enzymes and viral hepatitis 

infection are common in patients with Beta thalassemia [5-8]. 

The ratios derived from the hematological parameters and the 

liver enzymes are of major concern in clinical practice. The 

calculated hematological indices such as Green and King index 

and Mentzer index used as a pre-diagnostic or predictor in iron 

deficiency anemia for identifying or monitoring hematological 

conditions [9,10]. The AST/ALT (De Ritis) ratio is a prognostic 

sign for many pathological conditions, including 

thrombocytopenia syndrome with fever [11], Corona Virus 

Disease-2019 (COVID-19) infection [12], and hepatic steatosis [13], 

while the ALT/AST ratio represents a prognostic marker for other 

conditions, including specific types of malignancies [14]. An 

ALT/AST ratio of more than 0.89 predicted liver steatosis in 

thalassemia patients. Furthermore, oral iron chelating agents 

(ICAs) are commonly prescribed to thalassemia patients to cope 

the exceed iron  that results from blood transfusions [15].  

Deferasirox and deferoxamine are ICAs that used to treat the 

exceed in iron load, primarily in patients with thalassemia who 

demand frequent blood transfusions. Deferasirox is an oral 

medication, while deferoxamine is typically administered via 
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subcutaneous or intravenous infusion. While both are effective, 

they have different side effect profiles and administration 

methods. These medicines are not free from beneficial or harmful 

effects, particularly on the liver, and are related to their 

pharmaceutical preparations, as there is evidence that treatment 

with deferasirox showed significantly higher serum levels of 

aminotransferases than patients treated with deferoxamine [16]. 

The rationale for this study is that the characteristic features of β-

thalassemia are chronic hemolytic anemia and elevation of serum 

ferritin and aminotransferases. So, it is reasonable to derive 

simultaneous biomarkers from Hb and liver enzymes. Thus, this 

retrospective cross-sectional study sought to propose new 

equations derived from Hb and aminotransferases as 

discriminating biomarkers that distinguished thalassemia patients 

managed with ICAs from those who did not. This assumption will 

help to explain the adverse effects of ICAs on the liver. 

Patients and procedures  

This cross-sectional retrospective research was carried out in 

Sulaimani Thalassemia Center, Sulaimaniyah, Iraq, from January 

15 to June 15, 2025, on β-thalassemia major patients (n=60) who 

attended this center. From the patient’s medical data records the 

characteristics and laboratory data were acquired. The data were 

recruited from the patient’s records during the specified period of 

first half of 2025 taking in consideration the eligibility of the 

study that included both sexes and their ages ranged between 18-

66 months old, and the availability of laboratory investigations at 

each visit. Any missed data that related to the primary outcome, 

and duplication records because the patients were on repeated 

blood transfusion were excluded. The sample size was calculated 

by adjusting the type I error (α) at 0.05 and the power (1-β) at 0.8, 

and a minimum total number of 56 was calculated according to 

the prevalence of thalassemia in the Kurdistan region of Iraq.   

Sixty patients (30 females and 30 males) with a median age of 49 

months (interquartile: 18–66 months) were recruited in this 

research that were grouped into 3 groups of 20 patients each. 

Patients in Group I received blood transfusion only, those in 

Group II treated with blood transfusion and deferasirox, while 

Group III patients treated with blood transfusions and 

deferoxamine. The median duration of disease for Groups I, II, 

and III was 9, 50, and 57 months, respectively.  

Definition of pathological condition 

Beta thalassemia major was diagnosed according to complete 

blood count, serum iron profile, blood film, and Hb-

electrophoresis. Patients were treated with blood transfusions 

either constantly (at intervals of 4 weeks) or on-demand, or 

treated with blood transfusions with the ICAs, notably 

deferoxamine or deferasirox. Blood transfusion was indicated for 

those who had their hemoglobin levels of <9 g/Dl. The dosage 

regimen of deferoxamine was 40 mg/kg, subcutaneously over 12 

hours every evening for 6 days; and for deferasirox, it was 30 mg 

per kilogram per day. The goal of using ICAs was to reduce the 

serum level of ferritin, thereby reducing iron toxicity.  

Inclusion criteria 

Patients with confirmed diagnosis of β-thalassemia major, aged 

18-66 months, treated with regular or irregular blood 

transfusions, using ICAs (either deferoxamine injection or 

deferasirox dispersible tablet).  

Exclusion criteria 

Patients had α-thalassemia, β-thalassemia minor or intermedia, 

viral hepatitis B or C, patients with missing or incomplete 

laboratory data, and patients who did not adhere to ICAs therapy.  

Calculations of ratios and indices  

ALT-to-AST ratio = 
𝑆𝑒𝑟𝑢𝑚 𝐴𝐿𝑇 (𝐼𝑈/𝐿)

𝑆𝑒𝑟𝑢𝑚 𝐴𝑆𝑇 (𝐼𝑈/𝐿)
    

The upper normal limit for ALT or AST was 40 IU/L, therefore 

any value >1.0 indicates liver injury. 

AST-to-ALT ratio = 
𝑆𝑒𝑟𝑢𝑚 𝐴𝑆𝑇 (𝐼𝑈/𝐿)

𝑆𝑒𝑟𝑢𝑚 𝐴𝐿𝑇 (𝐼𝑈/𝐿)
  

Any value >1.0 indicates liver red cell haemolysis in 

hemoglobinopathies with liver damage [17,18]. 

ALT-to-Hb ratio =  
𝑆𝑒𝑟𝑢𝑚 𝐴𝐿𝑇 (𝐼𝑈/𝐿)

𝑏𝑙𝑜𝑜𝑑 ℎ𝑒𝑚𝑜𝑔𝑙𝑜𝑏𝑖𝑛 (
𝑔

𝑑𝐿
)×10

   

AST-to-Hb ratio = 
𝑆𝑒𝑟𝑢𝑚 𝐴𝑆𝑇 (𝐼𝑈/𝐿)

𝑏𝑙𝑜𝑜𝑑 ℎ𝑒𝑚𝑜𝑔𝑙𝑜𝑏𝑖𝑛 (
𝑔

𝑑𝐿
)×10

 

ALT-Hb index = Ln (serum ALT (IU/L) × Hb (g/L)  

AST-Hb index = Ln (serum AST (IU/L) × Hb (g/L) 

The cutoff values of ALT-Hb index and AST-Hb index were 

derived from the mean ± SD for each index to get a balance 

between the true and false positives. 

Statistical analysis 

Statistical Package for Social Science (SPSS, IBM Corporation, 

Chicago, USA, version 25) was utilized for the analyses. The data 

was represented in numbers, percentages, and medians. The 

categorical data were analyzed using a two-tailed Mann-Whitney 

U-test, while Shapiro-Wilk test was used for non-normal 

distribution. A Cohen's (d) test was carried out to show the effect 

of the sample size on the results of the biomarkers by comparing 

the means and standard deviations (SD) between groups. d-values 

of 0.2, 0.5, and >0.8 indicate a small, medium, and large effect of 

the sample size on the results, respectively. The value of 

sensitivity, specificity, positive predictive value, and negative 

predictive value have been calculated by using the MedCalc tool. 

The p value <0.05 was set as significant and p value <0.001 set 

as highly significant. 

Results and Discussion 

Table 1 shows the baseline data for a complete blood count with 

no differences significantly between groups. In Group I, the red 

cell count was non-significantly higher than the corresponding 

median values of Groups II and III. A non-significantly higher 

mean cell volume median value was found in Group III compared 

with Groups I and II. The median value of thrombocyte count was 

non-significantly higher among patients managed with 

deferasirox, while patients managed with deferoxamine had a  
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non-significantly higher median value of leucocytes.

Table 1: The levels of hematological parameters in thalassemia patients managed with various modalities. 

Hematological variables Group I (n=20) Group II (n=20) Group III (n=20) p-value 

Red cell count (×106/mm3) 3.120 2.88 3.010 0.449 

Hemoglobin (g/dL) 8.8 8.25 8.65 0.085 

Mean corpuscular hemoglobin (pg/cell) 27.5 28.0 27.75 0.420 

Mean corpuscular hemoglobin concentration (%) 34.60 35.4 35.05 0.449 

Mean cell volume (fL) 78.95 77.5 79.45 0.091 

White cell count (×103/mm3) 8.6 9.100 12.7 0.449 

Platelet count (×103/mm3) 336.0 369.0 365.0 0.549 

The results are expressed as the median. P-values were calculated using the non-parametric Mann-Whitney U test. Group I treated with blood transfusion; Group II treated 
with blood transfusion and deferasirox; and Group III treated with blood transfusion and deferoxamine. 

Figure 1 shows that thalassemia patients treated with iron 

chelators had non-significantly higher serum ferritin median 

levels compared with those managed with blood transfusions 

alone. The median values of serum ferritin in Groups I, II, and III 

were 1909.5, 3629.5, and 3475 ng/mL, respectively. There were 

non-significant (p=0.259) changes across the median levels of the 

treated groups. The p-values were 0.343, 0.343, and 0.752, 

representing the comparison between Groups I and II, I and III, 

and II and III. 

 

Figure 1: Boxplot showing the serum ferritin levels in thalassemia patients treated with blood transfusion (Group I), blood transfusion and 

deferasirox (Group II), or blood transfusion and deferoxamine (Group III).

Table 2 outlines the alterations observed in liver enzymes, their 

derived ratios, and calculated indices. Notably, serum levels of 

ALT and AST were markedly elevated (p<0.001) in Group II 

compared to both Groups I and III. Additionally, Group II 

exhibited significantly higher ALT/AST and AST/ALT ratios 

than Group I. A 2.5–3-fold increase in the ALT/Hb and AST/Hb 

ratios was also evident in Group II versus the other groups. 

Conversely, no meaningful differences in ALT/AST or 

AST/ALT ratios were found between Groups I and III. 

Furthermore, the indices and ratios involving ALT-Hb and AST-

Hb did not show significant variation between Group III and 

Group I, although both were considerably reduced in comparison 

to Group II. The integrity of these findings is supported by the 

effect size (d-values), which remained well above the 0.5 

threshold, indicating robustness despite the limited sample size. 

Table 3 shows that combining the liver enzymes and Hb as ratios 

or indices could apply as an indicator of the additive effects of 

ICAs on the liver and bone marrow functions. The ALT-to-Hb 

ratio at a cut-off value of 0.85 showed 90% specificity of the 

effects of ICAs on liver enzymes and Hb. In addition, the ALT-

to-Hb index at a cut-off value of 9.0 is a sensitive (85–95%) and 

specific (85%) indicator for ICAs' adverse effects on hepatic 

function.



  

 

 

241 

 

Ratha R. A. Passer 7 (Issue 1) (2025) 144-152 Original Article 

Table 2: The median values (Q1–Q3) of liver enzymes, their ratios, and indices. 

Variable 
Group I 

(n=20) 

Group II 

(n=20) 
P1-value 

d1-

value 

Group III 

(n=20) 

P2-

value 
d2-value P3-value d3-value 

ALT 

AST 

50.0 (10.75-

64.75) 

53.0 (35.25-

70.50) 

138(116-

186.75) 

114(98.00-

187) 

<0.001** 

<0.001** 

0.212 

0.188 

60.5(28.5-

74.25) 

51.0 (42.0-

69.0) 

0.343 

1.000 

0.04 

0.003 

<0.001** 

<0.001** 

0.205 

0.187 

ALT/AST 

ratio 

AST/ALT 

ratio 

0.61(0.78-

1.14) 

1.28 (0.88-

1.65) 

1.21(0.95-

1.46) 

083 (0.69-

1.06) 

0.027* 

0.027* 

0.160 

0.180 

0.95 (0.68-

1.31) 

1.06 (0.76-

1.47) 

0.343 

0.343 

0.061 

0.071 

0.343 

0.343 

0.093 

0.106 

ALT/Hb ratio 

AST/Hb ratio 

0.49 (0.27-

0.72) 

0.56 (0.36-

0.84) 

1.69(1.42-

2.26) 

1.43(1.22-

2.61) 

<0.001** 

  0.001** 

0.262 

0.155 

0.69 (0.37-

0.88) 

0.64 (0.50-

0.83) 

0.114 

0.343 

0.080 

0.043 

<0.001** 

  0.001** 

0.235 

0.149 

ALT-Hb 

index 

AST-Hb 

index 

8.36 (7.46-

8.86) 

8.41 (7.84-

8.85) 

9.29(9.12-

9.65) 

9.16(8.87-

9.65) 

<0.001** 

  0.004* 

0.178 

0.127 

8.60 (7.67-

8.74) 

8.32 (8.01-

8.68) 

0.343 

0.752 

0.019 

0.049 

<0.001** 

  0.001** 

0.225 

0.011 

*: Significant difference, **: Highly significant difference using the Mann-Whitney U test. 

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; Hb: Hemoglobin; Group I treated with blood transfusion; Group II treated with blood transfusion 

and deferasirox; and Group III treated with blood transfusion and deferoxamine. P1: Comparison between Groups II and I; P2: Comparison between Groups III and I; 

and P3: Comparison between Groups II and III. The effect of sample size was assessed by using Cohen’s test. d1: Comparison between Groups II and I; d2: Comparison 
between Groups III and I; and d3: Comparison between Groups II and III. 

Table 3: Cut-off values of ratios and indices as markers of simultaneous effects of iron chelators on liver enzymes and hemoglobin levels. 

Groups Ratios/indices Cut-off Sensitivity Specificity  PPV NPV 

II 

AST/ALT 1 35 25 31.8 27.8 

ALT/AST 1 70 70 70 70 

ALT/Hb ratio 0.85 90 90 90 90 

AST/Hb ratio 0.70 95 70 76.0 93.3 

ALT-Hb index 9.0 85 85 85 85 

AST-Hb index 8.5 90 60 69.2 85.7 

III 

AST/ALT 1 50 25 40.0 33.3 

ALT/AST 1 50 70 62.5 58.3 

ALT/Hb ratio 0.85 30 90 75.0 56.3 

AST/Hb ratio 0.70 35 70 53.9 51.9 

ALT-Hb index 9.0 95 85 86.4 94.4 

AST-Hb index 8.5 30 60 42.9 46.2 
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; Hb: Hemoglobin; PPV: Positive predictive value, NPV: Negative predictive value  
Group I treated with blood transfusion; Group II treated with blood transfusion and deferasirox; and Group III treated with blood transfusion and deferoxamine 

 

Our research highlights the importance of combining the Hb 

values with the liver enzymes (ALT and AST) in monitoring 

thalassemia patients treated with repeated blood transfusions and 

ICAs, which showed variable toxic effects on the liver according 

to the pharmaceutical preparations. Therefore, using ALT or 

AST-to-Hb-derived ratios and indices could substitute the use of 

each parameter individually in the assessment of chronic 

hemolytic anemia associated with liver dysfunction. This 

research demonstrates that there are no significant differences 

between groups regarding red cell indices. Therefore, the use of 

these indices is useless except for the level of Hb, which is an 

indication of blood transfusion. A literature showed that 

deferasirox for one year significantly improved the Hb level and 

platelet count and reduced the ALT in myelodysplastic syndrome 

patients or aplastic anemia patients who had anemia or 

thrombocytopenia [19]. It is possible to explain the effect of 

deferasirox on the Hb by reducing the iron toxicity upon the bone 

marrow that resulted from chronic blood transfusions, leading to 

reactivating the bone marrow to produce red cells with negligible 

effect on hemoglobinopathies [20]. Deferasirox is approved for the 

treatment of siderosis in transfusion-dependent and non- 

transfusion dependent thalassemia, and its non-significant 

difference in the Serum Ferritin levels between Groups I and II 

could be related to the dosage regimen [21]. These results agree 

with a previous study that showed deferoxamine and deferasirox 

significantly reduced serum ferritin with a non-significant 
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difference between them [22]. Significantly higher levels of serum 

ALT and AST in Group II compared to Group III are 

contradictory to those reported by others who showed that there 

are no differences between deferasirox and deferoxamine in the 

levels of liver enzymes (ALT: 40.3 ± 12.1 IU/L versus 41.2 ± 

11.9 IU/L, respectively; and AST: 37.5 ± 10.8 IU/L versus 38.1 

± 10.6, respectively) [23]. This is simply related to the dosage 

regimen, frequency of the blood transfusions, duration of the 

disease, as well as the baseline data of the liver enzymes among 

patients managed with repeated blood transfusions only. The non-

significant differences among Group II and III in the ALT-to-

AST or AST-to-ALT ratios indicated that thalassemia patients are 

susceptible at any time to hepatic steatosis or fibrosis irrespective 

of the pharmaceutical ICAs preparations [24-26]. The differences 

were not significant among Groups II & III in the ratios of liver 

enzymes to Hb, and the differences were significant when 

transforming the data into indices [27]. Therefore, this study 

showed that a cutoff value of ALT-to-Hb as a ratio (0.85) or index 

(9.0) is a sensitive and specific biomarker for the identification of 

the complaint (chronic hemolytic anemia) and the complication 

(liver dysfunction) in the blood transfusion-dependent 

thalassemia supplemented with deferasirox. These formulas will 

strengthen the study that showed there is a difference between 

deferasirox and deferoxamine in patients suffering from chronic 

hemolytic anemia who are potentially at risk for developing liver 

diseases. Although the patients’ records did not display the 

evidence of hepatotoxicity in this study, deferasirox dispersible 

tablet is a preferable medicine in terms of effectiveness, 

convenience and easy to use than injectable deferoxamine.   

Limitations of this investigation was based on a modest sample 

population, and because this study is still at the preliminary level, 

the results are far from the biased, as the results of Cohen’s test 

showed negligible effects in some variables or small effects on 

other variables. Further recommendations regarding this study is 

to increase the sample size of the patients and to derive the cutoff 

values of the indices and ratios to be appropriate prognostic 

markers for thalassemia patients.       

Conclusions  

The liver enzyme-to-Hb ratios and indices are useful biomarkers 

for assessing chronic hemolytic anemia as a disease and liver 

dysfunction as a complication of repeated blood transfusions 

and/or using iron chelating agents. Patients treated with 

deferasirox have significantly higher values compared with 

deferoxamine, suggesting the use of these indices and ratios in 

the follow-up of blood-transfusion-dependent β-thalassemia 

major.  
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