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Abstract

Background: The index for estimating ineffective erythropoiesis in bone mar-
row failure syndromes has not been standardized. Thus, this study aimed to
investigate the glycated albumin to hemoglobin Alc ratio (GA/HbAlc) as a
useful index for evaluating ineffective erythropoiesis status in bone marrow
failure syndromes. Methods: This study included patients who were diag-
nosed with either myelodysplastic syndromes, aplastic anemia, myeloprolifer-
ative diseases, anemia of chronic diseases, or autoimmune hemolytic anemia.
The index of GA/HbAlc was determined, and haptoglobin was measured in
each patient. Laboratory data, including bone marrow aspiration, were col-
lected from electronic medical records. Results: A total of 53 cases were stud-
ied. GA/HbA1c was significantly elevated in myelodysplastic syndromes, aplas-
tic anemia, and autoimmune hemolytic anemia compared to that in controls.
Haptoglobin depletion was observed in 9 of 18 cases of myelodysplastic syn-
dromes and in none of 9 cases of aplastic anemia. GA/HbA1c was signifi-
cantly elevated in myelodysplastic syndromes with haptoglobin depletion,
suggesting enhanced ineffective erythropoiesis in this group. Conclusions:
Determining GA/HbAc, as well as the haptoglobin level, is a useful surro-
gate index for detecting ineffective erythropoiesis in bone marrow failure
syndromes.
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1. Introduction

Anemia is generally classified into two types: insufficient red blood cells (RBCs)
production and loss of RBCs from the body. Aplastic anemia (AA), which is caused
by insufficient hematopoiesis that occurs due to hematopoietic stem cell abnormal-
ity, is mainly classified as the former type of anemia. Anemia due to bleeding or
hemolysis is classified as the latter type, in which hematopoiesis is accelerated to
compensate for the lost RBCs in the body.

The pathological condition of ineffective erythropoiesis (IE) is complicated, alt-
hough anemia predominantly emerges from the loss of RBCs. IE is a condition in
which erythroblasts in the bone marrow are destroyed by disturbances in hemoglo-
bin (Hb) or DNA synthesis, resulting in decreased RBCs in the peripheral blood.
In this condition, the destruction of erythroblasts and immature erythroid cells
is predominant, although the production and differentiation of erythroid cells re-
main. IE is recognized in myelodysplastic syndromes (MDSs), pernicious anemia,
myeloproliferative disorders, or thalassemia. IE evaluation is important in diagnos-
ing bone marrow failure syndromes, including MDS and AA.

The normal life span of RBCs is approximately 115 days [1] [2]. The life span of
RBCs decreases in anemic diseases with IE, in which free Hb released from RBCs
is scavenged by haptoglobin (Hp), and free Hb is formed into the Hb-Hp complex.
This complex is degraded by lysosomes, and Hp is decreased by its consumption
[3]. Therefore, the depletion of the Hp value, which is well known in hemolytic ane-
mia, is recognized in IE [4] [5].

A study for estimating the life span of RBCs has been developed. Several meth-
ods using radioactive isotopes, such as *'Cr, *C-glycine, *°N, and *Fe, were estab-
lished [2]. However, these methods have not been widely prevalent in clinical use
until now because of the toxic aspects of exposing isotopes to the body and limited
radiation facilities. The carbon monoxide (CO) method [6] is a procedure using a
non-isotopic substance, but with less accuracy. The biotin labeling method [7] is
arepresentative non-isotopic method that is safe and more accurate, but this method
contains complicated procedures, including biotin-labeled RBCs infusion and RBCs
measurement with multicolor flow cytometry [1]. The biotin labeling method has
not been routinely widespread. Other than the above methods, mean corpuscular
volume (MCV) [8] or bone marrow reticulocyte/peripheral blood reticulocyte ra-
tio [9] [10] are used as an index to estimate the life span of RBCs. Even now, the
index for clinical practice to conveniently predict the shortening of the life span
of RBCs concerning IE remains inadequate.

Hemoglobin Alc (HbAlIc) is a glycated formation of Hb, the value of which is
influenced by the life span of RBCs. HbAlc is a candidate for a surrogate marker
for RBCs survival [11]. HbAlc is affected by blood sugar concentration and is fre-
quently used in daily practice as a control index for diabetes mellitus (DM). On
the contrary, glycated albumin (GA) is another control index of blood sugar con-
centration in DM, which is not affected by the life span of RBCs. The index of
GA/HbAlc calculated by dividing the GA value (%) by the HbA1c value (%) is

DOI: 10.4236/ijcm.2025.1610028

404 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2025.1610028

T. Sugimoto et al.

reported to be approximately 2.5 - 2.7 in healthy controls [12]-[14]. Additionally,
GA/HbAIlc is affected by several diseases. Conversely, GA/HbAlc is elevated in
patients undergoing hemodialysis, with DM control deterioration and liver dysfunc-
tion, including liver cirrhosis [14]. GA/HbAlc is elevated in patients with anemic
diseases caused by shortening of the life span of RBCs, including hemolytic anemia
[15] or macrocytic anemia [14]. No study has been reported regarding GA/HbAlc
in anemia related to IE.

IE evaluation in bone marrow failure syndrome, including MDS and AA, needs
to be more precise in daily clinical practice. This study aims to investigate the utility
of GA/HbA1c as well as the Hp value for IE evaluation.

2. Materials and Methods

2.1. Patients and Samples

This prospective observational study recruited patients who were admitted to our
institute from January 2016 to March 2020 and fulfilled the following criteria: 1)
patients who were diagnosed as either MDS, AA, myeloproliferative diseases (MPDs),
including myeloproliferative neoplasms and secondary polycythemia, anemia of
chronic diseases (ACDs), or autoimmune hemolytic anemia (AIHA); 2) patients
who have not received any RBCs, fresh frozen plasma, or platelet concentrate
transfusion within 3 months before entry; 3) patients who underwent clinical la-
boratory tests, including complete blood cell count with reticulocyte count and
percentage, and blood chemistry tests, including hepatic function, renal function,
direct and indirect bilirubin tests, and serum lactate dehydrogenase (LD) test within
30 days before entry; 4) patients who underwent bone marrow aspiration (BMA)
test within 30 days before entry.

The exclusion criteria were as follows: 1) patients with diabetes mellitus or im-
paired metabolism of glucose, who had a value of more than 6.0 % of HbAlc or more
than 200 mg/dL of random venous plasma glucose concentration, 2) patients who
had renal dysfunction, expressed with a serum creatinine value of 2.0 mg/dL or
higher; 3) patients who had chronic hepatitis or liver cirrhosis with any Child-Pugh
score; 4) patients who were complicated with trauma or burn because these diseases
result in low albumin concentration; 5) patients who were defined by a doctor as
inappropriate for entry due to poor general condition; and 6) patients who were
diagnosed with paroxysmal nocturnal hemoglobinuria, megaloblastic anemia due
to lack of vitamin B12 or folic acid, or iron deficiency anemia. Additionally, patients
diagnosed with acute or chronic leukemia, multiple myeloma, and monoclonal gam-
mopathy of undetermined significance were excluded. We selected patients with
B cell lymphoma who had no lymphoma infiltration of bone marrow according

to the BMA test as the control group for bone marrow status.

2.2. Evaluation of IEs

The values of HbAlc, GA, and Hp in each patient were determined with the sam-
ples obtained within the next 30 days from the day of study entry. The samples of
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patients who received any hematologic disease treatments were excluded. HbAlc
(NGSP, %) was measured by high-performance liquid chromatography (Arkray,
Kyoto, Japan). GA (%) was measured by enzymatic method. GA and Hp were meas-
ured by the outsourcing company SRL (Tokyo, Japan). The lower cut-off value of
Hp was set at 25 mg/dL, according to the hemolytic diseases reported by Marchand
etal [16].

Data on nuclear cell count (NCC), erythroid cell count (RCC), and erythroid cell
percentage (ECP) were referred to regarding the BMA test. The information on re-
ticulocyte count (REC) and reticulocyte percentage (REP) in peripheral blood, and

serum LD value was collected from electronic medical records.

2.3. Statistical Analysis

All statistical analyses were performed using KaleidaGraph™ 4 (Hulinks®). Com-
parisons of values regarding each item were calculated using Student’s t-test. Val-
ues were expressed as “mean + standard deviation (SD)”. P-values of <0.05 were

considered statistically significant in all analyses, and all statistical tests were two-
sided.

3. Results
3.1. Relationship with MCV and Hb Values

This study included 44 patients (18 with MDS, 9 with AA, 5 with MPD, 6 with
ACD, and 6 with AIHA) and 9 patients defined as normal controls of bone mar-
row. All patients were listed in Table 1. We investigated the relationship between
MCYV and Hb values in 53 cases and revealed a trend of inverse correlation between
MCYV and Hb values (r=0.51) (Figure 1(A)).
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Figure 1. (A) Relationship between the mean corpuscular volume (MCV) of RBCs and hemoglo-
bin (HDb) values. The correlation formula is [ Y= 25.4 — 0.16X] (r= 0.51). A trend of inverse cor-
relation was found between the MCV value and the Hb value. (B) GA/HbAIc classified by Hb
level. All 53 cases were divided by the cut-off value of 10 g/dL of Hb. GA/HbA1c of Group A, whose
Hb was <10 g/dL, was (mean + SD) 3.32 + 0.76, while that of Group B (Hb of 210 g/dL) was 2.64 +
0.55. GA/HbA1c of Group A was significantly higher than that of Group B.
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Table 1. Patient characteristics.

Classification All (n =53)
Normal bone marrow 9
Myelodysplastic syndromes (MDSs)* 18
MDS with single lineage dysplasia* (8)
MDS with multilineage dysplasia* (6)
MDS with ring sideroblasts* 2)
MDS with excess blasts-1* (1)
MDS with excess blasts-2* (1)
Aplastic anemia (AA) 9
Myeloproliferative disorders (MPDs)* 5
Polycythemia vera* (1)
Essential thrombocytopenia* (1)
Secondary erythrocytosis (2)
Chronic myelomonocytic leukemia* (1)
Anemia of chronic diseases (ACDs) 6
Autoimmune hemolytic anemia (ATHA) 6

*Each disease in hematological malignancy was expressed by the World Health Organiza-
tion 2016 classification.

Then, we divided 53 cases into two groups by Hb level, of which 31 and 22 cases
have Hb values of <10 g/dL (Group A) and =10 g/dL (Group B), respectively.
GA/HbAIc in these two groups was compared, revealing a mean * SD of 3.32
0.76 and 2.64 £ 0.55 in Groups A and B, respectively. GA/HbAlc of Group A was
significantly higher than that of Group B (P < 0.001), suggesting that some causes
in anemic conditions may increase GA/HbA Ic in this cohort (Figure 1(B)).

3.2. Distribution of GA/HbA1c Classified by MCV Value and by
Anemic Diseases

We stratified 53 cases into three groups to confirm the difference in GA/HbAlc
among MCYV values; in which 28, 17, and 8 cases have MCV values of <100 fL (Group
C), 100 - 115 fL (Group D), and >115 fL (Group E), respectively. GA/HbAlc (mean +
SD) in Groups C, D, and E are 2.73 + 0.53, 3.21 £+ 0.68, and 3.79 * 1.03, respec-
tively. We compared GA/HbAlc between the three groups and revealed that
GA/HbA1lc in Groups D or E was significantly elevated compared to Group C
(P=0.020 and P=0.021, respectively) (Figure 2(A)). No statistical difference was
found between Groups D and E (P = 0.164). This result suggests that GA/HbA1c is
increased in cases with an MCV value of 2100 fL.

We investigated the distribution of GA/HbA1c among 6 categories, i.e., control
group, MDS, AA, MPD, ACD, and AIHA. Each of GA/HbAlc (mean * SD) is as
follows: control group, 2.59 + 0.19; MDS, 3.25 + 0.54; AA, 2.85 + 0.30; MPD, 2.32 £
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0.36; ACD, 2.72 + 0.54; and ATHA, 4.31 + 1.10. GA/HbA1c in MDS, AA, and ATHA
was significantly elevated compared to the control group (P < 0.001, P = 0.039,
and P=0.012, respectively) (Figure 2(B)). GA/HbAlc in MDS is significantly more
elevated than that of AA (P=0.022), indicating that the mean life span of RBCs
in MDS is shorter than that in AA.
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Figure 2. (A) Distribution of GA/HbA c classified by the MCV value. All 53 cases were classified into
three cases according to the MCV value. GA/HbAlc (mean + SD) in Groups C (MCV value of <100
fL), D (MCV value of 100 - 115 fL), and E (MCV value of >115 fL) were 2.73 + 0.53, 3.21 + 0.68, and
3.79 % 1.03, respectively. GA/HbAlc in Groups D or E is significantly elevated compared with Group
C. (B) Distribution of GA/HbAlc among the six categories. GA/HbAlc (mean + SD) in the control
group, MDS, AA, MPD, ACD, and ATHA is 2.59 + 0.19, 3.25 * 0.54, 2.85 + 0.30, 2.32 £ 0.36, 2.72 *
0.54, and 4.31 * 1.10, respectively. GA/HbAlc in MDS, AA, and ATHA was significantly elevated com-
pared to that in the control group.

3.3. Relationship between Hp Levels and Erythropoiesis

Serum Hp depletion will be observed in IE other than hemolysis. We determined
the Hp value in patients with MDS and AA to examine the relationship between
the Hp value and erythropoiesis. We divided all 53 cases into 2 groups based on
the definition of Hp depletion as <25 mg/dL or lower, in which 17 cases have Hp
depletion (Group F) and 36 cases have a normal Hp value (Group G). We compared
GA/HbAIc between the two groups and found that GA/HbAlc (mean + SD) in
Group F (3.70 + 0.92) was significantly higher than that in Group G (2.73 + 0.40)
(P < 0.001) (Figure 3(A)). We confirmed that GA/HbAIc in Group F was ele-
vated, while the level of GA/HbA1c in Group G was close to the level of the control
group in Figure 2(B).

The above-mentioned results indicated a relationship between Hp depletion and

elevation of GA/HbAlc. We set these cases into 3 groups because Hp depletion
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was observed in 9 cases out of all 18 MDS cases and none out of 9 AA cases in this
cohort, ie., 9 cases of MDS with Hp depletion (Group H), 9 cases of MDS without
Hp depletion (Group I), and 9 cases of AA without Hp depletion (Group J).
GA/HbAlc (mean + SD) in Groups H, I, and J are 3.52 + 0.20, 2.98 + 0.33, and
2.85 + 0.30, respectively. We compared GA/HbA1c among the three groups and
revealed that GA/HbA1c in Group H was significantly elevated compared to that
in Group I (P=0.034) and Group J (P=0.011). No statistical difference was found
in GA/HbAlc between Groups I and J (P = 0.405) (Figure 3(B)). This result sug-
gested that IE mainly exists in MDS with Hp depletion status.
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Figure 3. (A) Relationship between Hp depletion and erythropoiesis. The 53 cases were divided into 2
groups: Hp depletion cases (Group F) or normal Hp value cases (Group G). GA/HbAlc (mean * SD)
in Group F (3.70 £ 0.92) was significantly higher than that in Group G (2.73 £ 0.40). (B) Relationship
between Hp depletion and GA/HbAlc. Comparison of GA/HbAlc among MDS with Hp depletion
(Group H), MDS without Hp depletion (Group I), and AA without Hp depletion (Group J). GA/HbAlc
(mean + SD) in Groups H, I, and J is 3.52 + 0.20, 2.98 + 0.33, and 2.85 + 0.30, respectively. GA/HbAlc
in Group H was significantly elevated compared to Groups I and J.

3.4. Hematopoiesis in MDS and AA

We compare the above-mentioned three groups (Groups H, I, and ]) regarding
bone marrow NCC, bone marrow erythroid cell count (ECC), and erythroid cell
percentage (ECP) to determine the features of hematopoiesis in bone marrow in
relation to MDS and AA (Table 2). NCC (x10*/uL) (mean + SD) in Groups H, I,
and J was 10.99 * 7.32, 4.06 + 3.20, and 2.48 * 3.12, respectively. NCC in Group
H is significantly elevated compared to Groups I (P = 0.025) or J (2= 0.009). ECC
(x10*/uL) (mean + SD) in Groups H, I, and ] was 4.53 + 4.32,0.94 £ 0.72, and 0.611 +
1.37, respectively. ECC in Group H is significantly elevated compared to Groups
I (P=0.038) orJ (P=0.028). A similar difference was observed in ECP. Addition-
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ally, we attempted to compare peripheral blood reticulocyte cell count (RCC) and
reticulocyte cell percentage (RCP), and serum LD level in these three groups (Ta-
ble 2). We did not find a statistical difference between Groups H and I or Group
] regarding RCC, RCP, and serum LD levels (Table 2). These results indicate that
hematopoiesis is increased more in MDS with Hp depletion than in MDS without
Hp depletion or AA. Bone marrow hematopoiesis may be accelerated by compen-

sation for cell destruction in MDS with IE.

Table 2. Hematopoietic status in myelodysplastic syndromes classified by haptoglobin level and aplastic anemia.

Source Index

Bone marrow Nuclear cell count (x10*/uL)

Bone marrow Erythroid cell percentage (%) 37.49 (+14.32)

Bone marrow Erythroid cell count (x10*/uL) 4.53 (+4.32)
Peripheral blood Reticulocyte percentage (%)
Peripheral blood Reticulocyte count (x10%/uL)

Serum

Lactate dehydrogenase (IU/L) 270.7 (¥139.1)

Group H (n=9) GroupI (n=9) GroupJ (n=9) Groups

Hvs. 1

Groups
Hvs. ]

Groups

MDS (Hp < 25) MDS (Hp >25) AA (Hp > 25) Lvs.]

mean (£SD) mean (£SD) mean (+SD) (P-value) (P-value) (P-value)
10.99 (£7.32)  4.06 (£3.20)  2.48 (£3.12)  0.025*  0.009*  0.305
23.16 (+8.18) 14.00 (£12.69) 0.022* 0.002* 0.091
0.94 (£0.72)  0.61 (£1.37)  0.038*  0.028*  0.548
1.68 (£0.99) 221 (+1.18)  1.96(+1.36) 0315  0.628  0.676
342 (£1.63) 526 (£2.77) 438 (x1.96) 0111 0279  0.450
221.6 (£100.3) 182.8 (+74.8) 0.404 0.120 0.368

*Statistical significance by Student’s t-test (P < 0.05). Abbreviation: AA: Aplastic anemia; MDS: Myelodysplastic syndromes; Hp:

Haptoglobin; SD: Standard deviation.

4. Discussion

Currently, there is no simple clinical test to determine the lifespan of RBCs. HbAlc
is a candidate index for estimating the lifespan of RBCs [2] [11] [15], but it has not
been widely applied as a marker of the lifespan of RBCs in clinical practice. The
HbA1c value changes due to the effect of blood glucose concentration, and avoid-
ing the effect of blood glucose concentration is necessary for HbAlc to be used as
an index of the life span of RBCs. Conversely, GA is commonly used as another
index of blood glucose concentration. GA is an early Amadori-type glycation pro-
tein and reflects the average blood glucose concentration within 3 weeks. GA does
not affect the life span of RBCs but affects albumin half-life. Hence, GA/HbAlc is
thought to reflect the life span of RBCs. GA/HbAlc was approximately 2.5 - 2.7
in the normal population [12]-[14], and this index increases under the shortening
of the life span of RBCs. We previously reported the usefulness of GA/HbA1lc as
an index of the life span of RBCs in a preoperative autologous blood transfusion
model for surgical operation, in which blood loss by autologous blood collection
and compensatory erythrocyte hyperproduction decreases GA/HbAlc [17]. We
speculate that GA/HbA 1c is applicable to estimate the life span of RBCs; however,
several factors need to be considered. GA/HbA ¢ will increase through dialysis, liver
dysfunction, including liver cirrhosis, and deterioration in diabetes control. Con-
versely, GA/HbA1c will decrease in nephrotic syndromes [14] [18]. Thus, patients

with these comorbidities should be excluded from the application.
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GA/HbAlc (mean + SD) of the controls that we provided in this study was
2.59 £ 0.19. GA/HbA1c of healthy persons in previous reports was approximately
2.5-2.7 [12]-[14], the value of which was similar to our control value. Thus, our
control value was considered to need no correction. We revealed the inverse rela-
tionship between MCV and Hb values (Figure 1(A)), the result of which is con-
sistent with a previous report [8]. Additionally, anemic cases had an increasing
trend of GA/HbA1c (Figure 1(B)). Therefore, macrocytic anemia increases in
younger erythrocyte populations by an increase in erythropoiesis, resulting in
GA/HbAIc elevation. We will make a supplementary statement that megaloblastic
anemia due to vitamin B12 deficiency or folic acid deficiency was excluded from
this study cohort.

Moreover, we confirmed that GA/HbAlc elevation is predominant in patients
with Hp depletion. With respect to each disease, GA/HbA1c was elevated not only
in patients with ATHA but also in those with MDS carrying Hp depletion. Regard-
ing hematopoiesis in IE, immature RBC production was accelerated due to mature
RBC destruction by apoptosis, resulting in the mean life span reduction of RBCs
[19]. GA/HbA1c elevation in MDS with Hp depletion may arise from IE status. In
this scenario, Hp consumption is accelerated by eliminating RBCs. Shichishima et
al. revealed that patients with MDS with Hp depletion are significantly more likely
to have anemia and hyperferritinemia compared with patients with MDS without
Hp depletion, and emphasized that MDS with Hp depletion is mainly caused by
IE [20]. We revealed that MDS that carried Hp depletion had the trend of GA/HbAlc
elevation. We speculate that an increase in GA/HbAlc will become a surrogate
index of IE because evaluating the existence of IE remains difficult [21]. Determi-
nation of Hp level as well as GA/HbA1c is important for understanding the pa-
thology of MDS. Recent study revealed that mutant alleles encoding splicing fac-
tors and erythrocyte membrane components contribute to anemia with Hp deple-
tion in MDS. Spliceosome (SF3B1, U2AF1) and epigenetic regulator (EZH2) may
affect the condition of IE with Hp depletion in MDS patients [22]. Further studies
will explore the relationship between mutated genes and IE in bone marrow fail-
ure syndromes.

In restriction to MDS and AA, we confirmed that bone marrow NCC, ECC, and
ECP were increased in MDS with Hp depletion, in which erythropoiesis is more
accelerated compared with MDS without Hp depletion or AA cases. MDS with
Hp depletion can compensate for anemic status by accelerating erythropoiesis.
Conversely, we did not find any difference regarding RCC, RCP, and serum LD
levels among the classified three groups in MDS and AA. Choi JW reported that
reticulocytes in peripheral blood are not supplied from intramedullary reticulo-
cytes in IE status, resulting in the expansion of the bone marrow reticulocyte/pe-
ripheral blood reticulocyte ratio [21]. RCC is not different with respect to Hp de-
pletion level in patients with MDS and AA in a previous report [20], the result of
which is consistent with ours.

This study has some limitations, including the small sample size, which conse-
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quently suggests a small impact on the result. Additionally, the relationship between
GA/HbA1lc and the existing index for estimating the lifespan of RBCs, such as
radioisotope or CO, was not investigated. Moreover, the bone marrow reticulo-
cyte/peripheral blood reticulocyte ratio was not determined in this study; thus, the
role of the bone marrow reticulocyte/peripheral blood reticulocyte ratio was not
considered. We think that this study is meaningful for speculating the existence of
IE, although an adequate index for IE remains lacking.

5. Conclusion

An increased GA/HbA1c will indicate the shortening of the lifespan of RBCs by IE
in patients with MDS. GA/HbAIc determination, as well as the Hp level, is useful
as a surrogate index for detecting IE in MDS.
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