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To the editor.  

Ineffective erythropoiesis is an outstanding feature of 

thalassemia major. Its main pathological features are 

premature apoptosis of erythroid progenitor cells in the 

bone marrow and shortened life span of mature red 

blood cells in circulation. Ineffective erythropoiesis 

could lead to complications such as iron overload and 

extramedullary hematopoiesis in patients with 

thalassemia, which seriously affects the quality of life of 

patients. Cazzola reported that reticulocyte production 

index, unconjugated bilirubin, and soluble transferrin 

receptor (sTfR) could be used as potentially useful 

laboratory measurements in the study of patients with 

anemia due to ineffective erythropoiesis.1 However, its 

examination is an invasive operation that requires the 

extraction of peripheral blood, and laboratory testing 

takes a certain amount of time. The determination of 

endogenous alveolar carbon monoxide (CO) 

concentration could accurately reflect the degree of red 

blood cell destruction in the body and dynamically 

monitor the red blood cell damage in patients.2 The rapid 

CO breath test developed by Levitts could evaluate the 

endogenous alveolar CO concentration, which is a 

noninvasive, simple, and easy method.3,4 To better 

evaluate the degree of ineffective erythropoiesis in 

patients with thalassemia and reduce the risk of related 

complications, this report presents a retrospective study 

to explore the correlation between CO concentration and 

ineffective erythropoiesis-related indicators. 

A total of 55 patients with transfusion-dependent 

thalassemia (TDT) were enrolled in this study. The entry 

criteria of the thalassemia group were as follows: (1) 

thalassemia was diagnosed by hemoglobin 

electrophoresis and DNA analysis; (2) patient was 

diagnosed as TDT; (3) age ≥ 6 years old and could 

cooperate with blowing; (4) blowing time from the last 

blood transfusion time ≥ 7 days. The exclusion criteria 

were: (1) thalassemia patients with organ failure, such 

as heart, liver, lung, and kidney; (2) patients with fever, 

infection, and other conditions; (3) smokers; (4) female 

patients during pregnancy and lactation. All patients or 

their parents (if minors) provided written informed 

consent. CO concentration was assessed using an 

automatic device (Model WY-2102, WellYearn 

Technology Co., Ltd., Shenzhen, China), and the final 

result was taken as an average value after three times of 

measurements. 

The baseline characteristics of patients are 

summarized in Table 1, consisting of 55 patients with 

TDT (29 β0/β0, 17 β+/β0, 3 β+/β+, 6 β0/HbE). The 

median age was 13 years (range 6–30), and 36(66.4%) 

patients were male, and 6(10.9%) patients had co-

inherited α-thalassemia. Nineteen (34.5%) patients 

underwent splenectomy. Fourty-five (81.8%) patients 

had transfusions more than twenty times in the past two 

years, that is, an average of one transfusion per month. 

Regarding the complications of thalassemia, a total of 

49 (89.1%) patients were diagnosed with iron overload. 

Two (3.6%) patients were diagnosed with diabetes and 

9 (16.4%) patients suffered cholecystolithiasis. Other 

complications, such as hypothyroidism, pulmonary 

hypertension, and leg ulcers, were not observed in our 

study. 

Our findings indicated that CO concentration was 

significantly higher in patients with TDT than in normal 

controls, being nearly twice as long in the latter group 

(median 3.2 vs. 1.5 ppm, Table 2). Patients with TDT 

showed higher erythropoietic activity compared with 

controls based on the levels of erythropoietin (EPO) and 

sTfR. The levels of EPO (P=0.000) and sTfR (P=0.000) 

were significantly higher in patients with TDT than in 

controls. 

We employed Spearman’s rank correlation analysis 

to explore the correlations between CO concentration 

and various markers of ineffective erythropoiesis in 

patients with TDT (Figure 1). In terms of the identified 
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Table 1. Clinical characteristics of 55 patients with TDT. 

Characteristics Case,n (%)  

Sex  

Male 36 (65.5%) 

Female 19 (34.5%) 

Age  

＜18 years 43 (78.2%) 

≥18 years 12 (21.8%) 

Genotype  

β0/β0 23 (46.9%) 

 β0/β+ 17 (34.7%) 

 β+/β+ 3 (6.1%) 

 β0/HbE 6 (12.3%) 

α–thalassemia  

with α–thalassemia 6 (12.3%) 

without α–thalassemia 

Splenectomy status 

49 (89.1%) 

 

Splenectomized 19 (34.5%) 

 Non–splenectomized  36 (65.5%) 

Times of transfusion in the past two years  

 <20 10 (18.2%) 

 ≥20 45 (81.8%) 

Serum ferritin (ng/ml)  

<1000 6 (10.9%) 

≥1000 49 (89.1%) 

 
correlations, CO concentration showed positive 

correlations with sTfR (r=0.311, p=0.021), reticulocyte 

counts (r=0.432, p=0.001), and unconjugated bilirubin 

levels (r=0.368, p=0.006). Similarly, CO concentrations 

were positively correlated with fetal hemoglobin (HbF) 

levels (r=0.339, p=0.011) and the transfusion intervals 

(r=0.285, p=0.035). However, we unexpectedly found 

that hemoglobin levels in these patients were not 

correlated with the above markers. 

Endogenous CO originates mainly from the heme 

oxidation that genesis during the hemoglobin 

degradation that follows natural red blood cell rupture. 

Sannolo et al.5 indicated that the production of 

endogenous CO increased in patients with ineffective 

erythropoiesis. Similarly, our data also illustrated that 

patients with thalassemia have boosted CO 

concentration, which showed red blood cell destruction 

increasing and ineffective erythropoiesis. Blood 

transfusion could effectively inhibit ineffective 

erythropoiesis in patients with thalassemia. Our study 

found that CO concentration positively correlated with 

transfusion intervals. With the length of time between 

blowing and the last transfusion being longer, bone 

marrow suppression enhanced, CO concentration 

increased, and ineffective erythropoiesis gradually 

worsened in patients with thalassemia. 

sTfR is a biomarker of erythropoiesis, originates 

mostly from erythroblasts and, to a lesser extent, from 

reticulocytes.6 Circulating sTfR is proportional to 

erythroid precursor mass.7 In the previous studies, it was 

demonstrated that sTfR level was a good marker for 

evaluating erythropoietic activity in the bone marrow of 

thalassemia.8,9 Therefore, our study used sTfR as an 

observation marker to evaluate erythroid expansion. 

Interestingly, we found that the sTfR levels were 

correlated positively with CO concentration in patients 

with thalassemia, which indicated that CO concentration 

of patients with thalassemia was closely associated with 

bone marrow erythroid expansion, reflecting ineffective 

erythropoiesis in patients with thalassemia. In a 

longitudinal study conducted by James et al.,2 no 

correlation between CO concentration and sTfR level 

was found, but the small size of the study group and only 

six patients may explain the result. However, it was 

observed that the level of CO concentration decreased 

on the fourth day after blood transfusion, and the level 

of sTfR decreased accordingly, reflecting an inhibition 

of erythropoiesis. 

In β-thalassemia, ineffective erythropoiesis leads to 

an unconjugated bilirubin level increase, followed by 

aggravated red blood cell destruction and an increased 

number of reticulocytes in the peripheral circulation 

caused by bone marrow erythroid expansion. Except for 

sTfR, reticulocyte counts and unbound bilirubin are also 

believed to be potentially useful laboratory 

measurements in the study of ineffective 

erythropoiesis.1 We observed that the CO concentrations 

were positively correlated with the reticulocyte counts 

and unbound bilirubin levels, which would help reflect 

ineffective erythropoiesis. Similarly, James et al.2 also 

reported that the CO concentration correlated with 

reticulocyte counts, which supported our findings. The 

level  of  HbF  in  patients  with  β-thalassemia  is  higher

 
Table 2. Baseline characteristics and clinical parameters of patients with TDT and normal controls. 

Variable 
Controls 

(n=20) 

Thalassemia 

(n=55) 
P 

Sex, Female  40.0% 34.5% 0.784 

Median age, years 15 (10-31) 13 (6-30) 0.069 

Median hemoglobin, g/L 141 (122-164) 83 (36-104) 0.000 

CO concentration, ppm 1.50 (0.97-2.07) 3.20 (1.00-6.20) 0.000 

sTfR, mg/L 0.75 (0.56-3.02) 3.63 (1.09-12.93) 0.000 

EPO, mIU/mL 9.66(4.85-24.40) 138.31 (7.05-4160.33) 0.000 
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Figure 1. CO concentrations and hemoglobin in different 

erythropoietic markers in patients with TDT.  

 

than that of normal people.10 Blood transfusion therapy 

effectively inhibited ineffective erythropoiesis, and 

patients with β-thalassemia showed decreased HbF 

levels.11 Our study showed that CO concentration is 

positively correlated with HbF levels, reflecting 

ineffective erythropoiesis and blood transfusion therapy 

could inhibit ineffective erythropoiesis and reduce CO 

production. These data suggested that CO concentration 

could effectively evaluate ineffective erythropoiesis. 

Conventionally, studies on the efficacy of 

thalassemia treatments have focused on changes in 

hemoglobin levels. However, the current results suggest 

that compared with hemoglobin, CO concentration is 

closely related to the ineffective erythropoiesis-related 

indicators of patients with TDT, indicating its potential 

value for evaluating the severity and therapeutic effect 

of β-thalassemia. Therefore, CO concentration 

determined in this way could thus be a useful indicator 

for evaluating patient condition and treatment efficacy 

in patients with β-thalassemia. 

In summary, as a noninvasive and rapid examination 

method, the CO breath test could better reflect the 

ineffective erythropoiesis in patients with thalassemia. 

This would benefit clinicians by helping them better 

manage patients with TDT and provide better 

individualized clinical treatment decisions for them. 
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