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A B S T R A C T

Introduction: b-Thalassemia is defined by a reduced or complete absence of b-globin chain

synthesis in hemoglobin, leading to hemolytic anemia. Heterozygous b-thalassemia, also

known as b-thalassemia trait (hBTh), the mildest form of this anemia, typically does not

cause symptoms in carriers. However, it may lead to changes in the immune system,

including an increase in total leukocyte, neutrophil, and lymphocyte counts.

Objective: This study aimed to evaluate various immune and inflammation markers, includ-

ing neutrophil/lymphocyte, derived neutrophil/lymphocyte, lymphocyte/monocyte, plate-

let/lymphocyte, neutrophil/platelet ratios, systemic immune-inflammation index,

systemic inflammation response index, neutrophil/natural killer cell ratio (NNKR), and

inflammatory cytokines in b-thalassemia trait carriers.

Method: A retrospective observational study was conducted, including 50 b-thalassemia

trait individuals and 100 healthy controls.
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Results: Leukocyte, neutrophil and reticulocyte counts, and interleukin 6 levels were higher

in carriers compared to controls. Notably, the b-thalassemia trait group had increased neu-

trophil/platelet, neutrophil/lymphocyte and derived neutrophil/lymphocyte ratios, and the

systemic immune-inflammation and systemic inflammation response indexes were higher

compared to the controls.

Conclusions: b-thalassemia trait shows a more pronounced inflammatory profile as indi-

cated by hematological ratios. These ratios, therefore are potentially cost-effective and eas-

ily applicable markers for monitoring patients with the b-thalassemia trait.

� 2025 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by

Elsevier España, S.L.U. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

Introduction

b-thalassemia is an inherited disease caused by a mutation in

the gene responsible for forming the b chain of hemoglobin.

The underlying pathophysiological mechanism of b-thalasse-

mia is an imbalance in the production of a-globin and b-glo-

bin chains leading to a relative excess of a-globin.

Consequently, the surplus a-globin chains produce insoluble

aggregates that tend to precipitate within the developing ery-

throid cells. These aggregates stimulate apoptosis in the ery-

throid precursors, resulting in ineffective erythropoiesis and

hemolytic anemia [1−3]. The clinical manifestations of b-thal-

assemia vary widely and are related to the difference in the

combination of b alleles (a deficient [b+] or absent [b0] b-globin

subunit in the hemoglobin molecule) [4].

Quantitative and functional immunological abnormali-

ties that alter various components of the immune

response are well documented in b-thalassemia major

(homozygous b-thalassemia), characterized as transfusion-

dependent thalassemia. Moreover, changes in cytokine

profiles of innate immunity and an increase in total leuko-

cytes and neutrophil count, which contribute to increased

susceptibility to infections in these patients, have been

extensively documented [2−7]. Individuals with homozy-

gous b-thalassemia who present milder anemia, typically

not necessitating regular transfusions, and those with

varying degrees of anemia requiring intermittent transfu-

sions, are classified as b-thalassemia intermedia. These

patients exhibit a spectrum of clinical manifestations

ranging from severe symptoms necessitating treatment,

like in thalassemia major, to mild or asymptomatic condi-

tions, resembling thalassemia minor, according to the

presence or absence of modifying genes [4].

Individuals who have inherited a single b-thalassemia

allele, whether b° or b+, are considered to have the heterozy-

gous thalassemia, also known as b-thalassemia trait (hBTh),

and are non-transfusion-dependent. They typically exhibit

low hemolysis ratios and frequently are clinically asymp-

tomatic [3,7]. However, some hBTh individuals may display

mild anemia, characterized by hypochromic and microcytic

red blood cells, elevated levels of hemoglobin (Hb) A2, and

variable increases in Hb F. In some cases, hBTh may mani-

fest a variety of symptoms including headache, lethargy,

fatigue, dizziness, and exercise intolerance, despite having

hemoglobin levels within the normal range [4,8].

Despite a relatively benign presentation or even an

absence of symptoms, the hBTh profile regarding inflamma-

tory biomarkers is not well defined. Therefore, it is crucial to

analyze inflammatory biomarkers, such as hematological

ratios obtained from blood counts [9−12].

Given the potential contribution of these indices to a more

nuanced understanding of hBTh, ultimately leading to more

effective patient care, this study aimed to analyze the hema-

tological ratios obtained from blood counts of individuals

with hBTh compared to a healthy control group.

Material and methods

This retrospective observational study was approved by the

Research Ethics Committees of the School of Pharmaceutical

Sciences of the University of S~ao Paulo (protocol no. 69/2012),

the Federal University of S~ao Paulo (protocol no. 69574), and

Irmandade Santa Casa de Miseric�ordia de S~ao Paulo Hospital

(protocol no. 230.882).

Fifty patients diagnosed with heterozygous b-thalasse-

mia (hBTh) aged from 19−84 years of both sexes were

recruited from various sources, including the Hemoglobin-

opathies Laboratory of the Clinical Pathology Division of

Clinics Hospital of State University of Campinas, the Ane-

mia Ambulatory of the Federal University of S~ao Paulo

(UNIFESP), the Irmandade Santa Casa de Miseric�ordia de

S~ao Paulo Hospital, and the Hematological Ambulatory of

the Faculty of Medicine and Health Sciences at the Pontifi-

cal Catholic University of S~ao Paulo. The initial diagnosis

of thalassemia was made using a complete blood count

and hemoglobin electrophoresis and later confirmed by

mutation type evaluations, as previously described.13 Indi-

viduals with b-thalassemia intermedia were excluded from

this study, with only those presenting b-thalassemia

minor being included. The Control Group comprised 100

healthy individuals aged from 20−82 years from the Fac-

ulty of Pharmaceutical Sciences at the State University of

S~ao Paulo, and UNIFESP, and volunteers from the city of

S~ao Paulo recruited through convenience sampling. Indi-

viduals with chronic alcoholism, active infections, preg-

nancy, chronic diseases, or immunosuppressive

medication use, or those who had donated blood in the six

months prior to the study, were excluded. Control Group

individuals who consumed multivitamins, folic acid, vita-

min B12, or iron were also excluded.
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The data set included blood count (including natural killer

[NK] cells and reticulocytes), high-sensitive C-reactive protein

(CRP), interleukin (IL)-6 and IL-10, lactate dehydrogenase

(LDH) activity, body mass index (BMI), age, sex, smoking, and

folic acid use as previously described.13 Briefly, venous blood

samples were obtained from each participant after an over-

night fast (8−10 h). Complete blood and reticulocyte counts

were determined in ethylenediaminetetraacetic acid (EDTA)

whole-blood samples using a Pentra 120 Hematology Ana-

lyzer (Horiba). High-sensitivity CRP was determined by an

immunoturbidimetric assay using the Roche-CRPL kit on the

Cobas 8000 analyzer (Roche Diagnostics). LDH activity was

determined by an enzymatic assay using the Vitros 250 ana-

lyzer (Ortho Clinical Diagnostics). IL-6 and IL-10 were deter-

mined by a multiplex immunoassay, the high-sensitivity

panel T Cell Magnetic Bead Milliplex Map (EMD Millipore Cor-

poration) on the Bio-PLex 200 analyzer (Bio-Rad Laboratories,

Inc.), following the manufacturers’ protocols. The following

hematological ratios were calculated from blood count data:

neutrophil/lymphocyte (NLR), derived neutrophil/lymphocyte

(d-NLR), lymphocyte/monocyte (LMR), platelet/lymphocyte

(PLR) and neutrophil/platelet (NPR) ratios, and SII (multiplica-

tion of platelets by total neutrophils, divided by total lympho-

cytes), SIRI (multiplication of neutrophils by monocytes/

lymphocytes) indexes, and the NNKR.

Analyses were conducted using the Statistical Package for

the Social Sciences version 22.0 and GraphPad Prism software.

Variables are expressed as medians and interquartile ranges,

and the Mann-Whitney test was employed to compare the

groups. A significance level of 5% (p-value <0.05) was used.

Results

The general data for the groups analyzed are presented in

Table 1. The BMIs of hBTh patients were similar to those of

the Control Group, as well as the percentages of smokers and

females, and the age.

The hBTh Group exhibited higher leukocyte, neutrophil,

and reticulocyte counts compared to the Control Group.

Regarding the interleukins evaluated, IL-6 showed higher lev-

els in the hBTh Group than in the Control Group. The LDH

activity was comparable between the hBTh patients. The

detailed results of these analyses are presented in Table 2.

Furthermore, data distribution of each hematological ratio

in hBTh patients and controls are shown in Figure 1.

Discussion

To our knowledge, this is the first study to compare hemato-

logical ratios in a group of apparently healthy subjects with

carriers of usually asymptomatic disorders of hematopoiesis

(e.g., hBTh). Despite sometimes being considered healthy,

this study demonstrates that hBTh subjects have a greater

inflammatory profile compared to the Control Group.

Hematologic ratios such as NLR, D-NLR, LMR, PLR, and SII

are inflammatory markers previously described as diagnostic

aids for other diseases.14−18 Recent data suggest that NLR is

associated with various inflammatory conditions, including

diabetes mellitus, irritable bowel disease, and thyroiditis,

both with subtle and overt inflammation.18−21 Similarly, PLR

is associated with inflammatory conditions such as liver

fibrosis and cancer.22,23 SII, an inflammatory marker, has

been used as a prognostic indicator in the follow-up of sepsis

and cancer patients.24,25 Furthermore, SII has been studied as

an aid in the diagnosis and prognosis of other diseases,

including COVID-19.18,26−28 Most of these hematologic ratios,

including SIRI, were associated with length of hospital stay

and independent predictors of in-hospital mortality of

patients undergoing on-pump cardiac surgery.29

Regarding NLR, D-NLR, and SII, there were notable differen-

ces between the hBTh and Control Group. In individuals with

hBTh, there was a significant increase in the total leukocyte

and neutrophil counts compared to the control subjects. Con-

versely, no statistically significant differences were observed

in the total number of lymphocytes and platelets between the

groups. Therefore, the elevated neutrophil count observed

can be attributed to an inflammatory process with a subse-

quent increase in NLR, D-NLR, and SII ratios. These ratios may

serve as potential inflammatory markers for individuals with

hBTh, especially when considering neutrophil values alone.

The NLR, D-NLR, and SIRI ratios showed significant differ-

ences on comparing the Control Group and patients with

hBTh, as this condition results in a chronic inflammatory

Table 1 – General data of the study participants.

Variable Control (n=100) hBTh (n = 50) p-value

Age (y) 45.5 (32.2−58.0) 51.0 (37.0−59.7) 0.228

BMI (kg/m2) 25.5 (23.5−28.4) 25.5 (24.0 −29.4) 0.440

Female 67 (67.0) 35 (70.0) 0.710a

Smoker 14 (14.0) 5 (10.0) 0.487a

Folic acid supplementation 0 13 (26.0) <0.001b

Anemia 0 38 (76.0) <0.001b

hBTh, heterozygous b-thalassemia; BMI, body mass index.

a Pearson’s Chi-square.
b Likelihood ratio.

Continuous variables are presented as medians with interquartile ranges. Categorical variables are expressed as the number of subjects and corresponding per-

centage (in parentheses). The data were subjected to the Mann-Whitney test for comparison.
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process and a mild form of anemia.7,9 The NPR in the hBTh

group was higher than in the Control Group, confirming an

inflammatory state. This observation was made because the

neutrophil count was increased in the hBTh Group, while the

platelet count did not show any significant variation between

the groups. Thus, the NPR ratio can be used as an inflamma-

tory marker for hBTh conditions with the NPR being more

indicative than its isolated parameters. In contrast, the LMR

did not demonstrate any significant difference between the

groups, suggesting that it may not be a reliable biomarker for

monitoring inflammatory processes.

Analyses of the reticulocyte counts showed significant dif-

ferences between both groups, with the findings of this study

confirming that the disease involves clear hemolysis mecha-

nisms. In hBTh, the hemolysis is less pronounced, as many

patients do not present anemia, indicating hemolysis with

Figure 1 – (A) neutrophil/lymphocyte ratio (NLR); (B) derived neutrophil/lymphocyte ratio (d-NLR); (C) lymphocyte/monocyte

ratio (LMR); (D) platelet/lymphocyte ratio (PLR); (E) neutrophil/platelet ratio (NPR); and (F) systemic immuno-inflammation

index (SII), (G) systematic inflammatory response index (SIRI); (H) neutrophil/natural killer cell ratio (NNKR) in heterozygous

b-thalassemia (hBTh) subjects and the Control Group. The groups were subjected to the Mann-Whitney test for comparisons.

Table 2 – Hematological ratios and other laboratory data of the study participants.

Variable Control (n = 100) hBTh (n = 50) p-value

NLR 1.38 (1.19−1.83) 1.70 (1.33−2.18) 0.010

d-NLR 1.04 (0.92−1.33) 1.33 (1.07−1.56) 0.001

LMR 4.27 (3.00−7.82) 4.14 (2.80−7.04) 0.614

PLR 0.09 (0.07−0.12) 0.09 (0.08−0.10) 0.616

NPR 16.22 (12.74−19.42) 19.87 (14.72−25.18) 0.001

SII 318 (242−395) 361 (288−459) 0.038

SIRI 691 (420−1189) 928 (507−1618) 0.056

NNKR 7.24 (4.89−8.94) 7.62 (4.30−9.01) 0.909

Leukocytes (/mm3) 6800 (5625−7600) 7200 (6250−8825) 0.011

Neutrophils (/mm3) 3456 (2866−4091) 3977 (3334−5303) <0.001

Lymphocytes (/mm3) 2408 (1863−2921) 2448 (2086−2811) 0.652

Monocytes (/mm3) 489 (358−718) 545 (379−797) 0.304

Eosinophils (/mm3) 130 (70−216) 99 (69−166) 0.307

Basophils (/mm3) 0 (0−54) 0 (0−0) 0.044

Platelets (x 103/mm3) 220 (187−246) 211 (179−278) 0.674

Hemoglobin (g/dL) 14.0 (13.3−15.0) 11.6 (10.6−12.4) <0.001

Reticulocytes (%) 0.85 (0.70−1.17) 1.10 (0.85−1.75) 0.001

LDH (U/L) 426 (391−497) 428 (382−492) 0.851

CRP (mg/dL) 0.18 (0.07−0.40) 0.24 (0.10−0.45) 0.323

IL-6 (pg/mL) 0.94 (0.53−1.38) 1.19 (0.84−1.76) 0.016

IL-10 (pg/mL) 2.41 (1.07−4.46) 2.67 (1.04−4.58) 0.778

hBTh, heterozygous b-thalassemia; NLR, neutrophil/lymphocyte ratio; D-NLR, derived neutrophil/lymphocyte ratio; LMR, lymphocyte/monocyte

ratio; PLR, platelet/lymphocyte ratio; NPR, neutrophil/platelet ratio; SII, systemic immuno-inflammation index; SIRI, systemic inflammation

response index; NNKR, neutrophil/natural killer cells ratio; LDH, lactate dehydrogenase; CRP, C-reactive protein; IL, interleukin.

Variables are presented as median and interquartile range, and the groups were subjected to the Mann-Whitney test for comparison.
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erythropoietic compensation. One study demonstrated that

the moderate reticulocytosis resulting from a mild erythro-

cyte response is typically sufficient to compensate for the

hemolysis observed in this condition.30 These considerations

support the view that in hBTh, the hemolysis mechanism is

less severe and the erythropoietic response is more effective.

These findings are corroborated by the LDH activity. Under

hemolytic conditions, evidence has shown that the quantity

of this enzyme increases in the plasma.31 The LDH activity in

both the Control and hBTh Groups was found to be compara-

ble, a result that is consistent with the literature since hBTh

is characterized by mild hemolysis.8

Other inflammatory markers, such as IL-6 and IL-10 and C-

reactive protein, were also analyzed. The hBTh Group exhib-

ited elevated IL-6 activity compared to the Control Group.

This phenomenon can be explained by the action of macro-

phages that phagocytize defective red blood cells, resulting in

their production of IL-6.32 Therefore, this result suggests that

IL-6 plays a relevant role in the inflammatory response

observed in this disease.

Conversely, IL-10, an anti-inflammatory cytokine that lim-

its the immune response to pathogens,33 and C-reactive pro-

tein, a non-specific marker of systemic inflammatory

processes,34 showed no significant differences between the

groups analyzed. Therefore, C-reactive protein lacks prognos-

tic value for hBTh and cannot be used as an inflammatory

marker in these conditions.

It is known that in the most severe forms of b-thalassemia

(major and intermedia), excess alpha chains aggregate, form-

ing inclusions that damage cell and organelle membranes.

These aggregates also induce reactive oxygen species forma-

tion, further damaging membrane proteins and lipids. Hemi-

chromes, one of the most toxic products of unpaired a chains,

binds to membranes and promotes band 3 clustering, a key

membrane constituent, leading to cellular apoptosis.4 In

patients with hBTh, hemolysis, though less intense, is still

present as indicated by increased reticulocytes. This suggests

that these patients undergo a similar inflammatory process

to those with more severe forms of the disease, but to a lesser

extent. The milder inflammatory response is likely associated

to iron overload, ineffective erythropoiesis, and oxidative

stress, collectively contributing to a pro-inflammatory state.

The major limitation of this study is the relatively small

sample size. In cases of hBTh, most individuals are asymp-

tomatic and do not seek medical attention. Another impor-

tant limitation is the lack of clinical follow-up for hBTh

individuals. However, we demonstrated that hematological

ratios in this form of hemolytic anemia are more informative

markers of inflammation than their isolated parameters and

are more useful than traditional markers. These ratios could

contribute to the management of hBTh, being easily applica-

ble, widely available, and cost-effective.

Conclusion

In hBTh, hematological ratios such as NLR, D-NLR and NPR

and SII index demonstrated higher values than those in the

Control Group, indicating a more inflammatory profile. These

ratios (NLR, D-NLR, NPR, and SII) showed significant potential

when applied to the hBTh Group, exhibiting a good capacity

to serve as inflammatory markers when compared to isolated

parameters from hemogram. Furthermore, these hematologi-

cal ratios may prove valuable in managing and understanding

hBTh manifestations, offering a convenient, accessible, and

cost-effective alternative, since this information is calculated

from blood count data, without additional analysis costs.

Further studies are required to substantiate this hypothe-

sis, enabling the routine application of hematological indices

to support medical decision-making regarding the optimal

treatment strategy for individuals with hBTh, considering

their chronic inflammatory state. Moreover, hematological

ratios could serve as an additional tool for the preliminary

assessment of individuals with suspected hBTh, a condition

to be confirmed later.
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