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A B S T R A C T

The red blood cell (RBC) lifespan is a crucial indicator used in clinical diagnostics, treatment, and
disease monitoring. This biomarker quantifies the duration that red blood cells (RBCs) circulate
within the bloodstream after being released from the bone marrow, serving as a sensitive and
direct indicator of red blood cell turnover. Conventional techniques for RBC lifespan measure-
ment, including differential agglutination, 51Cr labeling, and 15N glycine labeling, each present
their own set of challenges, such as complexity, radioactive exposure, and potential allergic re-
action. The carbon monoxide (CO) breath test has emerged as an advanced and non-invasive
alternative, indirectly assessing RBC lifespan through hemoglobin (Hb) renewal rates. This
method is convenient, rapid, and lacks the drawbacks of traditional approaches. The CO breath
test for RBC lifespan is widely utilized in benign anemia, malignant hematological disorders,
neonatal hyperbilirubinemia, and diabetes mellitus, offering valuable insights into disease
mechanisms, progression, and treatment outcomes.

1. Background

The red blood cell (RBC) lifespan refers to the duration that RBC circulate in the peripheral blood post their release from the bone
marrow. In healthy adults, the RBC lifespan averages around 120 days, with a range of 70–140 days [1]. However, this equilibrium can
be disrupt under various pathological conditions, leading to increased destruction of RBCs and a shortened RBC lifespan. The mea-
surement of RBC lifespan is valuable for understanding the maturation, survival, and clearance of RBCs in circulation. It provides
insights into the mechanisms underlying anemia and helps evaluate the efficacy of anemia treatments [2].

Several methods are commonly used to detect RBC lifespan, including the radioisotope assay (51Cr labeling method) [3], stable
isotope method (15N-glycine labeling method) [4], biotin method [5], RBC population dynamics [6,7] and carbon monoxide (CO)
breath test method [8]. The radioisotope labeling method, mainly the 51Cr labeling method, has disadvantages, including the
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requirement for multiple blood collections, cumbersome operation, extended measurement cycles, radioactive hazards, and high cost
associated with radioactive waste disposal. The stable isotope labeling method primarily involves 15N-glycine labeling. However, it has
the disadvantage of labeling both Hb and other proteins, which can be reused by new RBCs. The biotin labeling method utilizes biotin
as a marker, but it is hindered by being time-consuming, complicated and prone to allergies. In contrast, the CO breath test is an
important approach to measuring the RBC lifespan. It is characterized by its simplicity, rapidity, non-invasiveness, repeatability, as
well as its high accuracy and sensitivity. Furthermore, it can accurately reflect the severity of diseases.

Research and applications related to RBC lifespan primarily focus on treatment of various disease including benign anemia, ma-
lignant hematologic diseases, neonatal hyperbilirubinemia, and diabetes mellitus. For example, treatment with ribavirin for chronic
hepatitis C has been associated with a reducted RBC lifespan and hemolytic anemia [9]. Additionally, immunotherapy has shown
promise in improving RBC lifespan in patients with severe aplastic anemia [10]. Patients with thalassemia experience fluctuations in
RBC lifespan following blood transfusions [11]. Chronic kidney disease (CKD) also influence RBC lifespan [12]. The extent of RBC
lifespan shortening is positively correlated with the severity of CKD [13]. In microcytic hypochromic anemia, variations in RBC
lifespan aid in distinguishing between iron deficiency anemia (IDA) and thalassemia(Thal) [14]. Iron removal therapy can improve
RBC lifespan in patients with myelodysplastic syndrome [15]. Acute leukemia patients exhibit different RBC lifespan patterns based on
subtype and disease status [16]. Additionally, RBC lifespan plays a role in neonatal care, influencing decisions regarding discharge and
phototherapy intervals [17]. In diabetes, RBC lifespan reductions contribute to underestimating of glycated Hb levels [18].

Overall, RBCS measurement serves as a valuable tool across various medical contexts, offering insights into disease progression,
treatment efficacy, and patient management.

2. Detection methods of RBC lifespan

2.1. Direct methods

The radioisotope method primarily utilizes 51Cr labeling [3]. This 51Cr marker labels RBCs at all stage, from neonatal to senescent,
during the mixing of blood with radioactive sodium chromate in vitro. Hexavalent chromium ions penetrate the RBC membrane, enter
the RBCs, and are reduced to trivalent chromium ions, and attached to the globin of hemoglobin molecules. After RBCs destruction, the
trivalent chromium ions released into the bloodstream and cannot be reused, thus avoiding the impact on the test results. This method
offers advantages such as avoiding repeated labeling and demonstrating good reproducibility. However, it entails multiple blood
collections, intricate procedures, lengthy determination cycles, and concerns regarding radioactive hazards and disposal costs.

The stable isotope labeling method predominantly employs 15N-glycine labeling [4]. The 15N-glycine marker label the same stage
RBCs. Since the four nitrogen atoms of Hb are derived from glycine, 15N-glycine is incorporated into in Hb synthesis throughout the
RBCs life cycle as a substrate, thus labeling the RBCs. The labeled RBCs develop into reticulocytes and are released into the peripheral
circulation, where they subsequently differentiate into mature RBCs. Consequently, the intracellular levels of 15N-glycine in RBCs
gradually increase as they mature. Studies have shown that 15N-glycine in RBCs reaches 50 % of the total marker within 2.8–6.3 days
after labeling and peaks at 20–25 days post-labeling. This method presents the benefit of non-radioactivity and oral administration for
RBC labeling. Nevertheless, it also labels other proteins besides Hb, affecting test outcomes and requiring analysis by a mass spec-
trometry analyzer.

The biotin labeling method utilizes biotin as a marker [5]. Biotin labels RBCs in vitro by covalently binding to the RBC membrane
proteins. After transfusion of the biotinylated RBCs (BioRBCs) into the test subject, peripheral blood is collected at different time. Using
the strong biotin-avidin affinity, BioRBCs specifically are bound to fluorescein-containing avidin or streptavidin, and then the number
of BioRBCs with fluorescein is measured by flow cytometry (FCM). The percentage of BioRBCs relative to the total RBCs was calculated
at different time. By comparing the percentage of BioRBCs in the initial sample (1–2 h post-infusion) with subsequent samples, the
RBCs survival rate at each time point can be determined. This approach provides stable isotope labeling that can be covalently bind to
membrane proteins with minimal detachment from RBCs. It facilitates the labeling of RBCs populations of different ages using various
concentrations or types of biotin, enabling simultaneous detection of diverse RBC populations. However, this method is
time-consuming, involves complex perform, and may provoke allergies reactions. Table 1 presents a comparison of the advantages and
disadvantages of these detection methods.

Table 1
Methodological comparison of direct method.

Radioisotope method Stable isotope method Biotin labeling

Accuracy Accurate Accurate Accurate
Steady-state Detection Applicable Applicable Applicable
Dynamic Detection Not applicable Not applicable Not applicable
Multiple blood collections Yes Yes Yes
Allergy risk No No Yes
Radiation injury Yes No No
Analysis time About four weeks About four weeks About four weeks
References [3] [4] [5]
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2.2. Indirect methods

There are three sources of CO in the exhaled breath of the human body: endogenous heme degradation and non-heme metabolism,
and exogenous inhalation. 86 % of endogenous CO comes from heme degradation, and no more than 14 % of CO is produced by non-
heme metabolism. 85 % of the heme that produces CO comes from the degradation of hemoglobin in RBCs, and 15 % comes from non-
RBC heme. Therefore, about 70 % of endogenous CO comes from the degradation of RBCs, and the rate of CO excretion in the lungs can
be deduced from the rate of destruction of RBCs under the premise of excluding exogenous interference, and RBC lifespan can be
extrapolated at this rate. It is calculated as follows: RBC lifespan (days) = hemoglobin concentration (unit: g/L) × 1.38/exhaled
endogenous CO concentration (ppm). The CO breath test as a prominent indirect method for measuring RBC lifespan [8], based on Hb
renewal rates. Endogenous CO in human exhaled gas, comprising about 70% from RBCs degradation, serves as a key component of this
method. When Hb breaks down into bilirubin, the α-methylene carbon in Hb produces CO, with one molecule of Hb produceing one
molecule of CO. By assessing the concentration of endogenous CO in exhaled gas, independent of exogenous CO influences, the
metabolism rate of RBCs can be inferred, allowing for the derivation of RBC lifespan (as illustrated in Fig. 1). This method offers several
advantages, including simplicity, rapidity, noninvasiveness, ease of repetition, high accuracy, sensitivity, and the ability to accurately
reflect disease severity. However, factors such as smoking, vigorous exercise, and impaired lung function can influence results,
rendering the method inapplicable to such individuals. RBC population dynamics, linked to variations RBC distribution width (RDW),
is an indirect method [7]. Increased RDW can result from one of the following four possibilities: 1) decreased mean corpuscular volume
(MCV), 2) increased variance in reticulocyte volume, 3) increased heterogeneity in the rate of RBC volume reduction in the peripheral
circulation, and 4) delayed RBC clearance. Recent studies have demonstrated that an increased RDW is associated with a slight
shortening of RBC lifespan [6]. Table 2 provides a detailed overview of the specific advantages and disadvantages of those approach.

2.3. Other methods

It is well established that RBCs production is controlled by erythropoietin (EPO), low oxygen levels increase the concentration of
EPO in the blood, which accelerates the proliferation and differentiation of erythroid precursors in the bone marrow, boosting the
number of RBCs. The rise in the concentration of EPO in response to low oxygen levels would lengthen RBC lifespan, reducing the rate
of RBCs destruction. An excess of oxygen inhibits EPO production, which delays the recruitment of new RBCs into the blood. Low EPO
levels would shorten RBC lifespan, increasing the destruction of RBCs in the liver and the spleen. The effect of EPO on CD47 and SIRP-α
would also lead to changes in the autoimmunity threshold. High EPO levels might upregulate CD47 in newly formed RBCs and SIRP-α
in macrophages, thus lengthening the lifespan of circulating RBCs, while hyperoxia would have the opposite effect. However, the
deeper mechanisms of immunity between EPO and CD47, SIRP-α are not clearly. Recent studies have demonstrated that using FCM to
detect markers related to the RBC lifespan can effectively reflect RBC lifespan. One study showed that EPO could influence RBC
lifespan by regulating the expression of CD47 in newly formed RBCs and SIRP-α in sinusoidal macrophages. EPO can also modulate the
onset and intensity of anti-RBC autoimmune responses, thereby shortening the RBC lifespan [19]. Previous research have shown that
CD47 regulates the phagocytosis of macrophages, affects RBC lifespan, and modulats immune cell activation through interactions with

Fig. 1. How the carbon monoxide breath test works.

Table 2
Methodological comparison of indirect method.

CO breath method RBC population dynamics

Accuracy Accurate Accurate
Steady-state Detection Applicable Applicable
Dynamic Detection Applicable Not applicable
Multiple blood collections No Yes
Allergy risk No No
Radiation injury No No
Analysis time No more than 5 minutes Long time for digital modeling
References [8] [6,7]
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SIRPα, TSP-1 and integrins [20]. These interactions are crucial for maintaining RBC homeostasis and preventing premature
destruction. Additionally, another study found that increased anti-band-3 antibodies in serum lead to increased binding of RBC
membranes to IgG resulting in their premature clearance from circulation [21,22]. As researchers continue to explore the roles of EPO,
CD47,anti-band-3 in RBCs, these new markers can help us better understand the role of RBC lifespan in clinical practice.

3. Application of RBC lifespan in different diseases

3.1. Effect of therapeutic drugs and treatment modalities on RBC lifespan

Virtue et al. divided chronic hepatitis C patients into two groups: those undergoing ribavirin treatment and those without ribavirin
treatment [9]. Their results indicated a significant reduction in RBC lifespan among patients receiving ribavirin, leading to the
emergence of hemolytic anemia. This suggests that ribavirin antiviral treatment for chronic hepatitis C may shorten RBC lifespan. Ye
et al. utilized the CO breath test to assess RBC lifespan in patients with severe/very severe aplastic anemia (SAA/VSAA). They observed
significantly shorter RBC lifespan in untreated SAA/VSAA patients compared to healthy individuals. However, immunosuppressant
therapy improved RBC lifespan duration, with some patients returning to normal levels. This indicates that immunosuppressant
treatment can enhance RBC lifespan and serve as an efficacy indicator during SAA/VSAA treatment. Li et al. studied RBC lifespan
changes during blood transfusion therapy in Thal patients, noting a significant increase in RBC lifespan and reduced end-expiratory CO
concentration in the 1st to 2nd week post-transfusion. However, RBC lifespan gradually shortened after the 3rd to 4th weeks. This
highlights RBC lifespan as an evaluation marker for transfusion therapy in Thal patients. Li. et al. also observed gradual RBC lifespan
shortening in CKD patients across stages 1–5 [12], with better nutritional status correlating to longer RBC lifespan. Hemodialysis (HD)
patients with CKD stages 1–4 and improved nutritional status exhibited extended RBC lifespan. Additionally, roxadustat was found to
enhance Hb levels in HD patients [13,23] with the roxadustat-treated group showing longer RBC lifespan compared to the
rhuEPO-treated group [24]. Jiang et al. demonstrated that a single hemodialysis filtration (HDF) treatment reduced plasma con-
centrations of indole sulphate phenol (IS), leading to prolonged RBC lifespan in end-stage renal disease (ESRD) patients on HD [25].
Moreover, Zhao et al. identified diabetes mellitus with nephropathy as an independent risk factor for RBC lifespan shortening in
continuous peritoneal dialysis (PD) patients, emphasizing the importance of regular RBC lifespan monitoring and a structured PD
regimen for ESRD patients [26].

3.2. Effect of mechanical injury on RBC lifespan

The mechanical hemolysis observed in non-physiological flow conditions has been attributed to the periodic deformation of RBCs
as they traverse confined spaces. This deformation triggers the release of adenosine triphosphate (ATP) from the cells. A subsequent
decline in cellular ATP levels results in RBC fatigue, morphological alterations, and a diminished capacity for deformation, ultimately
culminating in hemolysis [27,28]. Mitlyng et al. measured RBC lifespan in patients with implanted mechanical valves and prosthetic
bioprosthetic valves using the CO breath test. They found that RBC lifespan in these patients was significantly shorter compared to
healthy individuals. Despite normal Hb levels, both types of valves were associated with hemolysis [29]. Luo et al. investigated the
impact of different dialysis membranes on RBC lifespan in CKD patients. Their study using the CO breath test showed that polysulfone
dialysis membranes did not affect RBC lifespan in end-stage renal disease patients before and after dialysis [30].

3.3. Effect of increased erythropoiesis on RBC lifespan

Phubu et al. studied RBC lifespan in high-altitude polycythemia (HAPC) patients, finding significantly shorter RBC lifespan in
Tibetan HAPC patients compared to healthy individuals, while Han Chinese patients showed RBC lifespan levels similar to healthy
individuals [31]. They also noted a negative correlation between RBC lifespan and serum VitB12 levels. RBC mono-collecting treat-
ment prolonged RBC lifespan in Tibetan HAPC patients, making RBC lifespan a useful assessment index for HAPC treatment. Zhang
et al. observed significantly shortened RBC lifespan in patients with polycythemia vera (PV) compared to healthy controls [32]. The
increased peripheral blood Hb in PV patients primarily resulted from enhanced erythropoiesis rather than prolonged RBC lifespan,
suggesting a compensatory organism response. Hereditary spherocytosis (HS) is a common hereditary hemolytic anemia. Shi et al.
found significantly shortened RBC lifespan in HS patients compared to healthy individuals, highlighting RBC lifespan as a direct in-
dicator of hemolysis severity in HS diagnosis and disease assessment [33].

3.4. Effect of chronic infection on RBC lifespan

Infections can destroy RBCs through various mechanisms. For example, infected microorganisms can cause hemolysis either by
directly destroyin or by triggering immune responses [34,35]. Mitlyng et al. conducted a CO breath test to evaluate RBC lifespan in
patients with rheumatoid arthritis (RA), osteoarthritis (OA), and anemia of chronic disease. They found that RBC lifespan was
significantly shorter in the RA group and the anemia of chronic disease group compared to healthy controls and OA patients. However,
RBC lifespan in OA patients was not shorter than in healthy controls, indicating that OA does not induce hemolysis [36].

D. Ji et al.
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3.5. Effect of insufficient hematopoietic raw materials and hereditary diseases on RBC lifespan

IDA and Thal are both microcytic hypochromic anemia (MHA), making RBCs differentiation challenges. Iron deficiency reduces
catalase and glutathione peroxidase activities, causing oxidative damage to cell membranes, poor deformability of RBCs, and a
shortened lifespan. Thal, caused by a single nucleotide mutation, results in decreased production of globin chain and adult hemoglobin
(HbA), leading to excess unstable globin tetramers in erythroid cells. These unstable globin generates cytotoxic reactive oxygen species
and cell precipitates, impairing maturation and viability of RBC precursor cells, resulting in ineffective erythropoiesis and premature
destruction of RBCs in the circulatory system. Lei et al. conducted an RBC lifespan study in patients with these conditions and found
that MHAs with normal RBC lifespan levels were indicative of IDA, whereas significant RBC lifespan shortening without chronic
gastrointestinal bleeding indicated Thal [37]. RBC lifespan plays a crucial role in distinguishing between IDA and Thal. James et al.
compared end-expiratory CO concentrations in patients with Thal, sickle cell anemia (SCA), and healthy individuals. They observed
higher CO concentrations in SCA patients, followed by Thal patients, and the lowest levels in healthy individuals [38,39]. This study
suggests varying extent of RBC lifespan shortening among different types of anemia, consistent with previous research by Lal [40],
Sylvester [41], and Suriyun et al. [42]. Kang et al. discovered that patients with Gilbert’s syndrome (GS) exhibited significantly smaller
mean RBC lifespan compared to normal reference values, with lower end-expiratory CO concentrations. CO concentration inversely
correlated with RBC lifespan and positively correlated with anemia severity [43,44]. Wang et al. investigated RBC lifespan in patients
with hemophagocytic syndrome, finding a 65% shorter mean RBC lifespan than healthy individuals, with Hb levels positively linked to
RBC lifespan and CO concentration inversely correlated with RBC lifespan. Increased RBC destruction and shortened lifespan are
critical mechanisms contributing to anemia development in hemophagocytic syndromes [45].

3.6. Application of RBC lifespan in malignant hematologic diseases

The presence of malignant tumors within the hematological system often leads to alterations in RBC lifespan. Pei et al. investigated
RBC lifespan in patients with malignant lymphoma and anemia, noting a 46.7 % incidence of anemia with 40.0 % of patients expe-
riencing shortened RBC lifespan [46]. Splenomegaly and elevated lactate dehydrogenase (LDH) levels were significantly associated
with decreased RBC lifespan, exacerbated by intense chemotherapy regimens that further reduced RBC lifespan and aggravated
anemia.Wang et al. studied RBC lifespan in patients with multiple myeloma (MM), finding significantly shorter RBC lifespan compared
to healthy individuals, with negative correlations observed between RBC lifespan and reticulocyte levels, EPO, clonal plasma cells,
β2-microglobulin (MG), and creatinine (Cr) levels [47]. Zhang et al. explored the impact of iron overload (IO) on RBC lifespan in
patients with myelodysplastic syndromes (MDS), revealing shortened RBC lifespan with IO, which improved with iron chelation
therapy (ICT), leading to reduced inflammatory cytokine expression and prolonged RBC lifespan [15]. Yuan et al. assessed RBC
lifespan in acute leukemia (AL) patients [16], finding shorter RBC lifespan in males compared to females, with varying RBC lifespan
among different AL types and minimal residual disease (MRD) status. Additionally, studies have shown that patients with acute
myelogenous leukemia (AML), MM, MDS, and primary myelofibrosis (PMF) exhibit shorter RBC lifespan compared to control group,
and PMF patients experiencing the most pronounced RBC lifespan shortening [48,49].

3.7. RBC lifespan in neonatal hyperbilirubinemia

In the relatively hypoxic environment of the womb, the fetus produces extra RBCs to compensate. After birth, as the baby begins
breathing oxygen, the excess RBCs are rapidly destroyed, leading to an overload of bilirubin. The newborn’s liver cannot process all
this bilirubin quickly, causing jaundice and a shortened RBC lifespan. The CO breath test is currently recommended by the American
Academy of Pediatrics for diagnosing neonates with or without clinical hemolysis and hyperbilirubinemia. According to the September
2022 Guidelines of the American Academy of Pediatrics Hyperbilirubinemia Group and the Expert Consensus on the Diagnosis and
Treatment of Neonatal Hyperbilirubinemia [50], RBC lifespan serves as a crucial indicator for neonatal hospital discharge decisions.
Neonates with low-risk RBC lifespan measurements can be discharged, while those with moderate to high-risk measurements require
hospital observation. RBC lifespan also aids in diagnosing rebound bilirubin concentrations and determining appropriate phototherapy
intervals [17]. Bhutani et al. demonstrated that hemolyzed neonates and children had significantly higher end-expiratory CO con-
centrations and lower RBC lifespan compared to healthy children of the same age [51], improving the detection rate of neonatal
hyperbilirubinemia through RBC lifespan testing. Ni et al. observed similar findings, highlighting RBC lifespan as a valuable diagnostic
tool for neonatal hyperbilirubinemia [52].

3.8. Application of RBC lifespan in diabetes mellitus

Long-term exposure to high glucose levels induce oxidative stress, damaging RBC membranes and shortening their lifespan.
Because of this, RBC lifespan has become a valuable biomarker for assessing glycemic control. Hyperglycemia significantly impacts
RBC lifespan in diabetes mellitus patients. Studies by Huang and others have shown a notable reduction in RBC lifespan among diabetic
individuals [18], with fasting glucose levels exerting the most significant influence. Poor glycemic control exacerbates RBC lifespan
shortening, as observed by Zhang et al., who found a negative correlation between RBC lifespan and fasting glucose levels, particularly
affecting women’s RBC lifespan [53]. This shortened RBC lifespan can lead to underestimation of glycated hemoglobin (HbA1c) levels,
impacting accurate diagnosis and treatment. One study on HbA1c and RBC lifespan in type II diabetic patients corroborates these
findings, indicating that hyperglycemia causes RBC lifespan shortening and distorts HbA1c values [54]. Chu et al. further confirmed
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the relationship between RBC lifespan and HbA1c through CO breath testing, showing a positive correlation between HbA1c levels and
RBC lifespan, independent of gender or age [55]. Mao et al. explored RBC lifespan, HbA1c, and pancreatic β-cell function in various
glucose-tolerant populations and diabetes mellitus patients. They found significantly lower RBC lifespan in impaired glucose regu-
lation (IGR) and type II diabetes mellitus patients compared to normal individuals, with RBC lifespan further decreasing with diabetes
progression [56]. The relationship between diseases and RBC lifespan is shown in Table 3.

4. Summary and prospects

4.1. Summary

RBC lifespan can be assessed through various methods including the radioisotope method, stable isotope method, biotin method,
RBC population dynamics [6,7] and CO breath test. Various studies have shown that BioRBCs has significant advantages over
radioisotope method(51Cr)in terms of method, analysis and safety [57–59]. All kinds of labeling methods mentioned in this paper take
about a month to get results, and the labeling method is only suitable for the period when the body’s erythropoiesis and destruction
rate is stable, and is not applicable when there is a dynamic change [60]. Advancements in detection technology have reduced the
drawbacks of older methods, such as cumbersome operations, long cycle times, radiation hazards, and allergy risks. The emerging CO
breath test requires very simple equipment and only necessitates the collection of exhaled air from patients. Multiple acquisitions are
possible, there is no harm to the patients, and it does not take more than 5 minutes from blowing to getting the result. This indirect
detection method offers simplicity, speed, non-invasiveness, repeatability, high accuracy, and sensitivity, effectively reflecting disease
severity. In addition, as newly discovered markers of RBC lifespan, the advantage and disadvantage of EPO, CD74, and anti-band-3,
need to be summarized by a large studies. RBC lifespan testing holds significant clinical value, aiding in the diagnosis of anemia,
enhancing the accuracy of HbA1cmeasurements in diabetic patients, and gauging anemia severity in malignant hematological diseases
and neonatal hyperbilirubinemia. In summary, the advancements in RBC lifespan assessment methods, especially the popular of the
CO breath test, have provided an important approache for monitoring treatment efficacy in various diseases. This method offer
enhanced efficiency, accuracy, and safety, contributing significantly to the management and treatment of various blood-related
disorders.

4.2. Challenges and prospects

Certain factors influencing RBC lifespan remain unclear, leading to divergent research results among scholars. For example, some
experts believe that the size of RBC become smaller as the aging, and a slight reduction in the rate of RBC turnover allows smaller cells
to continue circulating, thereby increasing RBC lifespan, but others take the opposite attitude. Over the past few decades, most doctors
considered that RBC, Hb, Mean corpsular hemoglobin (MCH), Mean corpuscular hemoglobin concentration (MCHC) are better than
RBC lifespan at diagnosing hemolysis and anemia. Some medical professionals still have reservations about RBC lifespan and its
detection methods. However, as testing technology continues to advance, more and more doctors are recognizing the importance of
RBC lifespan. Future research could explore additional factors such as climate, mood, basal metabolic rate, and intestinal microen-
vironment to comprehensively understand RBC lifespan. Publicizing and explaining existing research outcomes could aid in enhancing
acceptance. Additionally, accurate RBC lifespan detection relies on a comprehensive and robust quality control system. Establishing
standardized operating procedures (SOPs), strictly implementing SOPs, and refining quality control systems will elevate the accuracy

Table 3
The relationship between diseases and RBC lifespan in comparison to healthy individuals.

Diseases RBC lifespan Results Hemolysis causes References

Hepatitis C Short Hemolysis Increased inflammatory cytokines [9]
Chronic kidney disease Short Hemolysis Increased inflammatory cytokines [12]
Implantation of valves Short Hemolysis Activated coagulation [29]
High-altitude polycythemia (Tibetan) Short Hemolysis Intracellular hypoxia [31]
High-altitude polycythemia (Han Chinese) Normal Normal Intracellular hypoxia [31]
Polycythemia vera Short Hemolysis Hypersplenism [32]
Hereditary spherocytosis Short Hemolysis Abnormalities in RBC membranes [33]
Osteoarthritis Short Hemolysis Increased inflammatory cytokines [36]
Rheumatoid arthritis Short Hemolysis Increased inflammatory cytokines [36]
Iron deficiency anemia Short Hemolysis Intracellular iron deficiency [37]
Tthalassemia Short Hemolysis Impaired globin production [37]
Sickle cell anemia Short Hemolysis Abnormal amino acid structure [38,39]
Gilbert’s syndrome Short Hemolysis UTG1A1 mutation [43,44]
Hemophagocytic syndrome Short Hemolysis Enhanced CTL and NK cell-mediated killing [45]
Acute myeloid leukemia (AML) Short Hemolysis Morbid hematopoiesis [35]
Multiple myeloma (MM) Short Hemolysis Morbid hematopoiesis [35]
Myelodysplastic syndrome (MDS) Short Hemolysis Morbid hematopoiesis [35]
Primary myelofibrosis (PMF) Short Hemolysis Morbid hematopoiesis [35]
Neonatal Hyperbilirubinemia Short Hemolysis Oxidative stress [50–52]
Diabetes Mellitus Short Hemolysis Oxidative stress [56]
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of test result. This will provide clearer clinical guidance for diagnosis and treatment.
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