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Serum Erythropoietin Level in Anemic and Non-Anemic Patients 
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Abstract

Background: Anemia is a common issue in chronic leukemia, which results in a worse outcome and shorter survival. Inadequate 
production of erythropoietin (EPO) as compared to the severity of anemia may play a major role in ACD for patients with hematological 
malignancies. Clarifying the role of EPO may provide a better understanding of its pathogenesis, and proper management of patients. 
Objectives: To determine serum EPO levels and look for any potential link between EPO and the cause of anemia in anemic patients 
with chronic leukemia in a sample of Iraqi patients in the middle euphrates region. Materials and Methods: This is a case control 
study included 38 patients (19 chronic myeloid leukemia [CML], 19 chronic lymphocytic leukemia [CLL]) who were attending the 
outpatient clinic of hematology in Baghdad Teaching Hospital, Marjan Teaching Hospital from September 2022 to March 2023, 
together with 30 adult participants without disease as a control group. All patients involved were diagnosed as having a disease based 
on a specialist’s physical examination, morphological evaluation of peripheral blood films and bone marrow, and flow cytometric 
immune-phenotypic profile. Blood samples were collected from each subject, and the following investigations were done: CBC, RFT, 
blood film examination, and ELISA assay for serum EPO. Results: The mean age of CML patients was (50.1 ± 12.85) range from 24 to 
72, CLL patients (58.2 ± 10.4) range from 38 to 75. The majority of patients were men (N = 23, 60.5%). The participants in the patient 
group were subdivided into 18 (47.4%) patients with anemia and 20 (52.6%) patients without anemia. The mean differences of EPO 
concentration (U/L) between study groups demonstrated significant higher level among patient group (49.53 ± 56.82) than control 
group (12.73 ± 4.72) with P value < 0.0001. The level of serum EPO in anemic patients (89.28 ± 61.95) has been found to be higher 
than non-anemic patients (13.82 ± 4.43) and it was statistically significant (P < 0.0001). Endogenous EPO production was found to 
be defective in 10% of CML patients, 50% of CLL patients were judged by a value for the ratio of observed-to-predicted serum EPO 
levels (observed/predicted ratio) of ≤0.9. Conclusion: These findings indicate that anemia associated with hematologic malignancy may 
result from an inappropriately low EPO response. EPO treatment should benefit in this group of patients.
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Introduction
Cancer is a major health problem worldwide in terms 
of morbidity and mortality, but it is especially prevalent 
in developing countries.[1] The leukemias are a group of 
diseases characterized by the increase of cancerous white 
cells in the blood and bone marrow. They are four forms of 
leukemia including acute or chronic leukemia, which are 
further split into lymphoid or myeloid leukemia. Because 
they progress more slowly than acute leukemia, chronic 
leukemia can be recognized from them.[2] Chronic myeloid 
leukemia (CML) is a myeloproliferative tumor in which 
granulocytes and precursors are the main proliferative 
element. Around half  of newly diagnosed CML patients 

are asymptomatic and are discovered accidently when as 
high (WBC) count during a routine medical evaluation. 
Untreated CML has a biphasic or triphasic natural 
history, with an initial indolent chronic phase followed 
by an accelerated phase, blastic phase, or both. Since the 
introduction of tyrosine kinase inhibitors as standard 
treatment for CML, the rate of progression from chronic 
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phase CML to blastic phase CML has been reduced. 
The Philadelphia chromosome, also known as t(9;22)
(q34;q11.2), or its variants, as well as the identification 
of a BCR-ABL1 fusion, are required for the diagnosis.[3] 
Chronic lymphocytic leukemia (CLL), which has a male 
predominance and a diagnostic age of 72  years, is the 
most common adult leukemia in Western countries. The 
condition is distinguished by accumulation of monoclonal, 
mature CD5+ B lymphocytes in the peripheral blood, bone 
marrow, and secondary lymphoid organs. CLL is 10–20 
times more common in Western countries than in Asia, 
implying that genetic, environmental, or combined factors, 
which influence the susceptibility of the disease. Following 
a workup for accidental lymphocytosis, CLL is usually 
found. The clinical course and presentation are extremely 
variable, ranging from an asymptomatic, dormant disease 
that may never need treatment (30% of patients) to an 
active disease that can cause progressive lymphocytosis, 
B symptoms (such as loss of weight, sweating at night, 
and fever), fatigue, recurrent infections, cytopenias 
(anemia, thrombocytopenia), lymphadenopathy, 
hepatosplenomegaly, or autoimmune complications.[4] 
Anemia is a common clinical feature associated with 
a poor prognosis in individuals with hematological 
malignancies. It can aggravate cancer at any stage of the 
disease’s progression. Anemia is caused by a variety of 
reasons, including leukemic bone marrow infiltration, the 
myelosuppressive action of chemotherapy and inhibitory 
cytokines, autoimmune disorders, hypersplenism, and 
a low nutritional condition, which results in folic acid, 
vitamin B12, and iron deficiency.[5] Most cancer patients 
have low serum erythropoietin (EPO) levels, which 
contribute to the anemia of chronic illness produced by 
cytokine-mediated inhibition of erythropoiesis.[6] Key 
players in the pathophysiology of ACD are thought to 
be a reduced red blood cell (RBC) lifespan and the bone 
marrow’s inability to enhance RBC production. EPO is a 
glycoprotein hormone that regulates the synthesis of RBC 
in the body. It stimulates red cell progenitors in the bone 
marrow by acting on particular receptors, resulting in 
increased proliferation and differentiation of these cells.[7]

EPO may have a significant role in the development of 
anemia, either directly or indirectly. Clarifying this role 
could lead to a more accurate diagnosis of  the etiology of 
anemia and, as a result, more appropriate management.[8]

Materials and Methods
This study was done on a total of 68 Iraqi adult from 
two Iraqi centers: Baghdad Teaching Hospital, Marjan 
Teaching Hospital. We studied 38 patients who attended 
the outpatient clinic in these hospitals during the period 
from September 2022 to March 2023. They were diagnosed 
as having chronic leukemia (CML and CLL). Another 
30 adult participants without disease were included and 

served as a normal control for comparison with the 
patients’ study group; all control members had normal 
CBC measured at the time of blood sampling. 38 adult 
patients diagnosed with chronic leukemia (CML  =  19 
patients, CLL = 19 patients) based on a specialist’s physical 
examination, morphological evaluation of peripheral 
blood films and bone marrow, and flow cytometric 
immunophenotypic profile were included in this study. 
ELISA assays were used to quantify serum EPO levels in 
the patient and control groups. CBC, reticulocyte count, 
blood film examination, renal function tests were done for 
both the patient and control groups. Serum EPO levels 
should not be quantitated in absolute terms in anemic 
patients but should be evaluated in relation to the degree 
of anemia, adequacy of serum EPO level were evaluated 
based on equation; observed/predicted (O/P) ratio in 
each patient, EPO O/P ratio was calculated as follows: 
log10(EPO observed)/log10(EPO predicted).

Log10 (EPO predicted) was calculated with the following 
formula: For Hb values <13 g/dL, the regression equation 
was log (EPO) = 4.746 − (0.275 × Hb). O/P ratio values ≤ 
0.9 indicate an inadequate endogenous EPO concentration 
with respect to the degree of anemia.[9,10]

Statistical analysis was carried out using the Statistical 
Package for Social Sciences (SPSS) version 27.0 (IBM, 
Chicago, IL, USA). Categorical variables were presented 
as frequencies and percentages. Continuous variables 
were presented as (means ± SD). Student t test was used 
to compare means between two groups. ANOVA test was 
used to compare means between three groups or more. 
Correlation coefficient was used to assess the relationship 
between two continuous variables. Pearson chi-square was 
used to find the association between categorical variables. 
A P-value of ≤0.05 was considered as significant.

Ethical approval
The study was conducted in accordance with the ethical 
principles that have their origin in the Declaration of 
Helsinki. It was carried out with patients verbal and 
analytical approval before sample was taken. All subjects 
involved in this work are informed, and agreement had 
been obtained verbally before sample collection. This 
study was approved by the committee of publication 
ethics at College of Medicine, University of Babylon, Iraq 
under the reference No. BMS/0236/016.

Results

Age
The mean age of patients group was 54.1 ± 12.24 years that 
ranges from 24 to 75 whereas the mean age of controls 
group was 55. 8 ± 10.6 years that ranged from 29 to 70, 
which were statically not significant (P = 0.42). The mean 
age of CML patient was (50.1 ± 12.85) range from 24 to 
72, CLL patients (58.2 ± 10.4) range from 38 to 75.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
jby by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 12/03/2024



Hussein, et al.: Serum erythropoietin level in anemic and non-anemic patients with chronic leukemia

         Medical Journal of Babylon  ¦ Volume 20 ¦ Issue 4 ¦ October-December 2023� 741  

Gender
The majority of patients and control were men (N = 23/38, 
60.5%) and (N = 18/30, 60%), respectively.

Specific diagnosis
19 CML and 19 CLL patients, 10/19 of CML and 8/19 
CLL patients were anemic [Table 1].

Staging
All CML patients were in chronic phase except one was 
in blastic phase [Figure 1], distribution of CLL patients 
according to modified Rai staging system as in Figure 2.

Laboratory investigations
The comparison between study groups in hematological 
and biochemical parameters shown in Table 2. The 
comparison in hematological and biochemical parameters 

according to patient groups (anemic patients and non-
anemic patient) shown in Table 3.

EPO
The mean differences of EPO concentration (U/L) 
between study groups demonstrated significant higher 
level among patient group (49.53 ± 56.82) than control 
group (12.73 ± 4.72) with P value <0.0001. The level of 
serum EPO in anemic patients (89.28 ± 61.95) have been 
found to be higher than non-anemic patients (13.82 ± 4.43) 
and its statistically significant (P < 0.0001).

Evaluation of adequacy of serum EPO level in anemic 
patients
We measure adequacy of serum EPO using O/P 
ratio =  log10 (observed/ predicted) EPO for each anemic 
CML, CLL patient. O/P ratio ≤ 0.9 indicate inadequate 
EPO for degree of anemia. We found that only 10% of 
CML and 50% of CLL patients had inadequate EPO for 
degree of anemia.

Discussion
Anemia is a frequent problem in CML, CLL patients 
leading to poor outcome and shorter survival. In 
hematological malignancies, several factors, including 
inefficient use of iron stores that appear to be adequate, 
excessive cytokine production (such as the transforming 
growth factor-β, tumor necrosis factor-α (TNF-α), 
interleukin-1 (IL-1), and γ-interferon) and a blunted EPO 
synthesis, BM infiltration, splenomegaly, radiotherapy, 
and chemotherapy may contribute to the development of 
ACD.[10] In this study, we found the mean age of CML 
patients was 50.1 years range from 24 to 72 years which is 
comparable to that reported by other Iraqi study at 2019, 
in which the mean age in their study was 51.7  years.[11] 
The mean age of CLL patients was 58.2 years range from 
38 to 75  years which is comparable to that reported by 
other Iraqi studies 2019 and 2018, which the mean age in 
their studies were 57.18 and 59.24 years, respectively.[12,13] 
Whereas it was lower than that reported in western 
countries.[14,15] These differences may be related to the effect 
of geographical, environmental factors, and population 
structure between Iraq and Western countries that made 
life expectancy lower among Iraqi population. CML, CLL 
(male/female) were found to be more in men than women 
(13/6) (10/9), respectively. This finding is consistent with 
a studies conducted in Karbala 2019, Baghdad 2021, 
respectively.[16,17] The real cause of male predominance is 
unknown.[18]

Staging system distribution
According to WHO classification system most CML 
patients were in chronic phase (90%), whereas the 

Table  1: Distribution of anemic and non-anemic patient 
among specific diagnosis

Specific 
diagnosis 

No. of anemic 
patient (%) 

No. of non-anemic 
patient (%) 

Sum of 
specific 

diagnosis 
CML 10 9 19

CLL 8 11 19

Total 18 (47.4%) 20 (52.6%) 38 (100%)
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Figure 1: Distribution of patients with chronic myeloid leukemia (CML) 
according to WHO classification system (N = 19)
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Figure  2: Distribution of patients with chronic lymphocytic leukemia 
(CLL) according to modified Rai stage (N = 19)
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remaining in blastic phase (10%) [Figure 1], these 
results are consistent with study conducted in Karbala 
2021.[19] This can be explained as most of the patients 
were diagnosed for a long time on treatment, whereas 
according to modified Rai staging system, most CLL 
patients were in low-risk stage (73.3%) followed by high-
risk stage (15.8%). Whereas the lowest percent was found 
in moderate risk stage (10.5%) [Figure 2], these results are 
consistent with a study in Barcelona 2017 which found 
that the majority of patients were at low-risk stage.[20] 
This may be attributed to the early in seeking medical  
advice.

Hematological and clinical assessment
In the assessment of hematological parameters, the mean 
WBC count in CML patients (7.47 ± 5.95) was not statically 
significant different from control group, and these results 
are consistent with a study conducted in Baghdad 2020, 
which the means WBC count was 7.9 ± 3.17.[21] These  
due to most CML patients (90%) in our study were in 
chronic phase on treatment, while the mean WBC count 

in CLL patients (16.49±16.97), absolute lymphocyte 
count (11.24±16.31) were statically significant higher 
from control group respectively which were a diagnostic 
criteria for CLL. This result was consistent with a study 
conducted in Erbil in 2018.[22] The mean platelet count 
in patients group was 212.34 ± 78.37; it was with nearly 
similar to the result as with other studies.[21,23] The mean 
hemoglobin level for CML patient was 12.47 ± 1.76 mg/
dL, and this result was consistent with a study conducted 
in Baghdad 2020.[21] The number of anemic patients 
was 10 (52.6%), which was comparable with other study 
conducted in USA 2004.[24]

The mean hemoglobin level for CLL patient was 
12.44 ± 2.2 mg/dL and this result was consistent with a study 
conducted in Al Mosul in 2022.[25] The number of anemic 
patients was 8 (42.1%) and this result was consistent with 
a study conducted in Croatia in 2011,[26] which is higher 
than other study; this difference could probably be because 
of the small sample size of CLL patients in our study. This 
parameter (anemia) representing a determinant for high-
risk stage in Binet and modified Rai staging systems.[27,28]

Table 2: The mean differences of hematological and biochemical parameters in study groups

Hematological variable Study group N Mean ± SD t test P-value 
Total WBC count (×109/L) Patient 38 11.98 ± 13.35 2.10 0.04*

Control 30 7.36 ± 1.84

Absolute lymphocyte count (×109/L) Patient 38 6.62 ± 12.32 2.335 0.02*

Control 30 1.95 ± 0.53

Hb level (g/dL) Patient 38 12.45 ± 1.96 –4.573 <0.0001*

Control 30 14.37 ± 1.32

RBC count (×109/L) Patient 38 4.10 ± 0.83 –4.899 <0.0001*

Control 30 4.96 ± 0.54

Platelet count (×109/L) Patient 38 212.34 ± 78.37 –1.746 0.085

Control 30 243.90 ± 68.00

B.Urea (mg/dL) Patient 38 4.45 ± 1.32 –1.922 0.35

Control 30 4.72 ± 1.19
*P ≤ 0.05 was significant

Table 3: The mean differences of hematological and biochemical parameters in patient groups

Hematological variable Patient group N Mean ± SD t test P-value 
Total WBC count (×109/L) Anemic patient 18 8.46 ± 6.78 –1.633 0.11

Non-anemic patient 20 15.14 ± 16.85

Absolute lymphocyte count (×109/L) Anemic patient 18 3.53 ± 3.41 –1.57 0.13

Non-anemic patient 20 9.41 ± 16.37

Hb level (g/dL) Anemic patient 18 10.86 ± 1.51 –7.301 <0.0001*

Non-anemic patient 20 13.89 ± 0.95

RBC count (×109/L) Anemic patient 18 3.59 ± 0.62 –4.362 <0.0001*

Non-anemic patient 20 4.56 ± 0.72

Platelet count (×109/L) Anemic patient 18 187.22 ± 87.91 –1.943 0.06

Non-anemic patient 20 234.95 ± 62.54

Urea (mg/dL) Anemic patient 18 4.18 ± 1.35 –1.681 0.9

Non-anemic patient 20 4.74 ± 1.25
*P ≤ 0.05 was significant
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Erythropoietin
In order to determine whether impaired EPO synthesis 
causes anemia, the measurement of serum EPO levels is 
helpful. We discovered that EPO level was significantly 
higher in patient group compared to control group (P-value 
< 0.0001). This result was in agreement with other workers 
in many previous studies which reported a higher mean 
of EPO in CML, CLL patients.[29,30] Furthermore, anemic 
patients had statically significant higher (P < 0.0001) EPO 
levels compared to non-anemic patients. Similar findings 
have been reported by other studies.[31,32] This is most likely 
due to EPO response to anemia in anemic patients. Serum 
EPO levels were inappropriately low for the degree of 
anemia in (10%) CML patients whereas 90% of the patients 
have adequate EPO for degree of anemia (O/P > 0.9) and 
these findings were in agreement with other study.[29] This 
might be explained based on fact that there were multiple 
factors which contribute in the development of anemia 
other than EPO, and myelosuppression occurs in up to 50% 
of patients with CML who are treated with imatinib and 
≥ Grade 3 myelosuppression is reported in approximately 
10% of patients which may lead to higher serum EPO.[24] 
Serum EPO levels were inappropriately low for the degree 
of anemia in 50% of CLL patients (O/P ≤ 0.9) and these 
finding in were comparable with other studies.[10,33,34] 
Many factors were responsible for blunt EPO production 
including cytotoxic drugs, as well as excessive production 
of cytokines such as TNF and IL-1. The blunted EPO 
response is unlikely to be the only factor responsible for 
anemia. Erythroid marrow can be inhibited directly by 
suppressor cytokines and by chemo or radiotherapy.[35] 
The percent of defective EPO production for the degree of 
anemia was lower than in other studies[36] which might be 
due to small sample size. All high-risk CLL patients had 
higher serum EPO level, but still low for degree of anemia 
and this indicates that blunt EPO response may play the 
major role in developing anemia.

Conclusion
These findings indicate that anemia associated 
with hematologic malignancy may result from an 
inappropriately low EPO response. EPO treatment should 
benefit in this group of patients.
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