
Open Access

Aziz et al., J Blood Disorders Transf 2014, 5:8 
DOI: 10.4172/2155-9864.1000232

Open Access

Volume 5 • Issue 8 • 1000232
J Blood Disorders Transf
ISSN: 2155-9864 JBDT, an open access journal

Correlation of Serum Erythropoietin and Ferritin Levels with the Frequency 
of Blood Donation
Fouz AA Abdul Aziz1, Uday YH Abdullah1,2* and Norhaza A Rahim3

1Universiti Sains Malaysia (USM), Advanced Medical and Dental Institute (AMDI), Pulau Pinang, Malaysia
2University Sultan Zainal Abidin (UniSZA), Faculty of Medicine and Health Sciences, Kuala Terenggan, Malaysia
3Penang General Hospital, Pulau Pinang, Malaysia

*Corresponding author: Uday Younis Hussein Abdullah, University Sultan
Zainal Abidin (UniSZA), Faculty of Medicine and Health Sciences, Kuala
Terengganu, 20400, Malaysia, Tel: 609-6275607; Fax: 60-6275772; E-mail:
udayyounis@unisza.edu.my

Received September 01, 2014; Accepted  October 04, 2014; Published  October 
10, 2014

Citation: Aziz FAAA, Abdullah UYH, Rahim NA (2014) Correlation of Serum Eryth-
ropoietin and Ferritin Levels with the Frequency of Blood Donation. J Blood Disor-
ders Transf  5: 232. doi: 10.4172/2155-9864.1000232

Copyright: © 2014 Aziz FAAA, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits un-
restricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited.

Keywords: Erythropoietin; Ferritin; First time blood donor; Regular
blood donor; Malaysia

Introduction 
Recruiting more regular blood donors and encourage first-time 

donors to become repeat donors is the steady push for increasing 
the quantity and safety of national blood supplies. Iron deficiency is 
a well-recognized risk factor of repeat blood donation. Whole blood 
donation of 450 ml results in a loss of about 230 mg iron from the 
total-body iron [1]. The donation of 200 ml of red blood cells four 
times a year is equivalent to an iron loss of 2.2 mg of iron per day. This 
is substantially more than the normal daily absorbed iron for men (1 
mg) and women (1.5 mg) [2]. The increase in the frequency of blood 
donations among donor population is liable to result in excessive iron 
loss and development of latent iron deficiency as well as iron deficiency 
anaemia [3]. Measurement of donor haemoglobin (Hb) is required 
to ensure that the recipient will receive an adequate red cell mass, to 
detect donor abnormalities in red cell or haemoglobin, and it serves as 
a non-specific measure of donor health. Furthermore, it ensures that 
the expected drop in haemoglobin will not be harmful to the donor, 
and it is an indirect measure of iron stores [4]. However, haemoglobin 
estimation alone may defectively evaluate donor body iron status prior 
to phlebotomy with potential risk for developing latent iron deficiency: 
a state in which iron stores are depleted and plasma iron is decreased 
but haemoglobin remains normal [5]. Szymczyk-Nuzka and Wolowiec 
[6] studied the iron balance in regular blood donors with normal
haemoglobin and hematocrit levels who had given over 10 donations
of the whole blood with frequency of 4-6 units per year and compared
with control group first time donor. The following differences
were found: total iron binding capacity, serum transferrin, soluble
transferrin receptor, erythropoietin were significantly higher while the
mean corpuscular volume, serum ferritin and transferrin saturation

were significantly lower in regular donors than in control. The 
erythropoietin (EPO) mediates the remarkable regenerative capacity 
of the bone marrow to compensate for blood loss or reduced oxygen 
tension [7]. The erythropoietin level does not increase detectably after 
phlebotomy of a subject with no erythropoietic defect of 500 ml whole 
blood and the red cell mass will slowly recover after losing 500 ml 
blood. Accordingly, 2.0 ml of the lost 240 ml RBCs will be recovered 
daily [8]. The EPO level is inversely correlated with haemoglobin 
concentration [9]. It would take 4 years or more for a man to deplete 
body iron stores and start developing to iron deficiency anaemia solely 
due to lack of dietary intake or malabsorption [10]. Initially, less than 
optimal level of iron leads to a decrease in iron stores and progresses 
to the latent iron deficiency [11]. The amount of circulating ferritin 
parallels the concentration of storage iron in the body. Therefore, 
serum ferritin concentration is a reliable index of iron stores (1 ng/ml 
of serum ferritin indicates about 8 mg of storage iron) [12,13]. Serum 
ferritin does not exhibit diurnal variation as are seen with serum iron 
levels [14]. Low serum ferritin is highly specific for body iron status 
assessment [15,16]. Flesland 2004 measures the haemoglobin, serum 

Abstract 
Aim: The objective is to assess the correlation of serum ferritin and erythropoietin levels with the frequency of 

donation among blood donors in Pulau Penang, Malaysia. Methods: One hundred and forty-seven (108 male and 
39 female) voluntary whole blood donors whom donating blood at the Blood bank, Hospital Pulau Pinang were 
included. For each donor, haemoglobin, serum ferritin and erythropoietin (EPO) assay were done. Laboratory 
works had been done at the Advanced Diagnostic Laboratories (ADL), Advanced Medical and Dental Institute 
(AMDI), Universiti Sains Malaysia (USM). 

Results: A significantly increased (p=0.014) serum ferritin was found in the first time donor (105.3 ng/ml) 
compared to regular donors (69.3 ng/ml) who had donate blood more than once in the preceding year of both 
gender. The larger amount of donated blood in regular male donor results in a more risk of latent iron deficiency 
compared to female counterpart. EPO was significantly higher while ferritin was significantly lower in regular 
donors than in the control. The serum EPO showed a statistically significant inverse relationship with ferritin level 
and this relationship was significantly correlated. 

Conclusion: Adequate daily, oral iron supplementation at post donation would need to be provided for 90 
days, which is longer than most current recommended iron replenishment programs together with the introduction 
of serum ferritin assay at first donation and annually for regular donors to increase the safety of national blood 
supply recommended. 
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ferritin and transferrin receptor (sTfR) immediately at post-donation 
of six or more units of whole blood during the previous three years. 
They found that 51% of repeat male donors and 11% of female repeat 
donors had low tissue iron stores, but only 7% and 5% had functional 
iron deficiency indicated by elevated sTfR [4]. The majority of these 
had normal Hb values. Furthermore, they reported that the female 
repeat donors suffer less iron loss than male repeat donors. Mittal et al. 
[3] reported that deficient iron store was found more frequently in 
female donors compared to male donors. The serum ferritin levels are 
higher in men than in women of childbearing age, reflecting differences 
in storage iron. Levels in postmenopausal women are closer to those 
found in men [14]. The aim of this study was to assess the correlation of 
serum ferritin and erythropoietin levels with the frequency of donation 
among blood donors in Pulau Penang, Malaysia.

Methodology
Blood samples from blood donors were taken after ethical approval 

by Human Research Ethical Committee, Universiti Sains Malaysia 
(USM), Malaysia. Laboratory works had been done at the Advanced 
Diagnostic Laboratories (ADL), Advanced Medical and Dental 
Institute (AMDI), Universtiti Sains Malaysia (USM). One hundred and 
forty-seven (108 male and 39 female) voluntary whole blood donors 
(74 regular donors and 73 first-time donors) donating blood at the 
Blood bank, Hospital Pulau Pinang were recruited in this study. Sample 
size was calculated using power and sample size program (PS version 
3.0.43) [17]. Donors Inclusion criteria are: Haemoglobin between 
12.5 g/dl-8.0 g/dl and the interval of the last donations of whole blood 
should not be less than 8 weeks [13]. Regular donors defined as those 
who have at least two previous donations within the past year and 
first-time donors are those who had never made a donation before. 
Hemoglobin concentration results were collected from the blood 
bank records for each donor. Hemoglobin level was determined using 
Hemocue Hb 301 analyzer and HemoCue Hb 301 microcuvettes. The 
serum erythropoietin level among the first time and regular donors (i.e. 
donates blood more than once per year) in this study was measured 
using (Human Erythropoietin Quantikine IVD ELISA Kit, DEP00, 
USA). A three ml venous blood was collected in gel separator plain 
tubes from the diversion pouch at the beginning of the donation. After 
serum preparation within less than three hours, the serum samples 
were kept frozen at -20°C till the time of analysis within three weeks 
after the collection date. The serum ferritin assay done using Abbott 
Architect immunoassay analyzer i2000 SR (ARCHITECT Ferritin Kit 
(7K59)) using Chemiluminescent Microparticle Immunoassay (CMIA) 
technology with flexible assay protocols, referred to as Chemiflex. 
Statistical Analysis was conducted using SPSS version 18. A p-value of 
less than 0.05 was considered statistically significant.

Results
All Obtained results were summarized in the group as below

Discussion 
The significantly higher (p=0.014) levels of serum ferritin in the 

first time donor (105.3 ng/ml) compared to the regular donors (69.3 
ng/ml) who had donate blood more than once in the preceding 
year of both gender (Table 1) is supported by the additional finding 
of a statistically significant inversely relationship of serum ferritin 
and proportionally relationship of erythropoietin levels with the 
frequency of donation per year (Table 2). The serum ferritin levels were 
significantly higher in female who had donated more than 3 times over 
a one year period compared to male donors (Figure 1). This finding 

might attributes to the larger volumes of blood that males donate in 
the transfusion unit as compared to females. Males generally donate 
450 ml of blood as compared to females who donate 250-300 ml of 
blood unless their body weight exceeds 55 kg [18]. Iron depletion is 
the earliest stage of iron deficiency. Latent iron deficiency without 
anaemia is a somewhat more advanced stage of iron deficiency and 
indicates that iron stores are decreased or absent, but the serum iron 
concentration and blood haemoglobin levels are normal [19]. The 
most frequent observation in long-term blood donors is chronic iron 
deficiency [20-22]. The haemoglobin cut off levels (12.5 g/dL) does 
not appear to be positive predictor of iron deficiency as a significant 
proportion of individuals with low ferritin levels showing haemoglobin 
levels above 12.5 g/dL (Table 3). This finding might be caused by 
the inherent limitation of the Hemocue instrument used for donor 
screening in our blood center. The latter is supported by other studies 
[23-26] which show that the Hemocue gives higher haemoglobin levels 

Blood donors No./total (%) Hb (g/dl)
mean ± SD

Ferritin (ng/ml)
mean ± SD

EPO (mlU/mL)
mean ± SD

Group I
Male 50/73 (68.5) 15.8 ± 1.0 129.5 ± 72.1 7.9 ± 3.9
Female 23/73 (31.5) 13.6 ± 0.9 52.5 ± 34.7 8.7 ± 4.5
Total 73/147 (49.7) 15.1 ± 1.4 105.3 ± 72.1 8.2 ± 4.1

Group II
Male 10/15 (66.7) 16.0 ± 1.1 129.1 ± 95.2 8.0 ± 5.0
Female 5/15 (33.3) 13.3 ± 0.4 44.3 ± 39.2 6.4 ± 1.5
Total 15/147 (10.2) 15.1 ± 1.6 100.9 ± 89.3 7.4 ± 4.1

Group III
Male 20/23 (87) 15.3 ± 1.3 82.2 ± 54.5 6.9 ± 2.5
Female 3/23 (13) 13.1 ± 0.3 11.4 ± 1.6 15.0 ± 13.8
Total 23/147 (15.6) 15.0 ± 1.4 73.0 ± 56.2 7.9 ± 5.5

Group IV
Male 15/18 (83.3) 15.3 ± 1.0 44.3 ± 23.5 9.2 ± 5.8
Female 3/18 (16.7) 14.3 ± 0.9 65.4 ± 42.0 6.5 ± 1.8
Total 18/147 (12.2) 15.2 ± 1.1 47.8 ± 27.0 8.7 ± 5.4

Group V
Male 13/18 (72.2) 15.4 ± 1.3 73.3 ± 87.2 8.3 ± 4.6
Female 5/18 (27.3) 13.7 ± 0.5 25.0 ± 18.1 7.8 ± 4.8
Total 18/147 (12.2) 14.9 ± 1.4 59.8 ± 77.1 8.1 ± 4.6

 p-value 0.133 0.001* 0.001*

Table 2: Relationship of haemoglobin, serum erythropoietin and ferritin levels with 
studied donor groups.

Hb: Haemoglobin, EPO: erythropoietin. *Statistically significant difference of 
serum ferritin (p=0.001) and erythropoietin levels (p=0.001) with the frequency of 
donation per year. Donors were divided into five groups according to the frequency 
of donation during a one year period preceding this study (April 2011- April 2012): 
Group I (No.=73) includes the first-time donors. Group II (n=15): includes those 
who had donated once in the previous year and were donating for the second time 
with an interval of more than 3 months (Rang: 3 - 6). Group III (n=23) includes 
those who had donated twice in the previous year and were donating for the third 
time. Group IV (n=18) involves those who had donated three time in the previous 
year. Group V (n=18) involves those who had donated four times in the previous 
year and were donating for the fifth time. Groups II, III, IV and V donors were 
considered regular donors (n=74)

Blood donors No./total (%) Hb (g/dl) 
mean ± SD

Ferritin (ng/
ml)

mean ± SD

EPO
(mlU/mL)

mean ± SD

First-time
Male 50/73 (68.5) 15.8 ± 1.0 129.5 ± 72.1 7.9 ± 3.9
Female 23/73 (31.5) 13.6 ± 0.9 52.5 ± 34.7 8.7 ± 4.5
Total 73/147 (49.7) 15.1 ± 1.4 105.3 ± 72.1 8.2 ± 4.1

Regular

Male 58/74 (78.4) 15.4 ± 1.2 78.5 ± 70.2 8.0 ± 4.4

Female 16/74 (21.6) 13.6 ± 0.6 36.1 ± 33.0 8.4 ± 6.6

Total 74/147 (50.3) 15.0 ± 1.3 69.3 ± 66.2 8.1 ± 4.9

P-value 0.055 0.014* 0.481

Table 1: Haemoglobin, serum erythropoietin and ferritin levels in the first-time and 
regular donors.

The mean age of all donors was 31.3 ± 11.1 (range: 17-59 years). *Statistically 
significant increased (p=0.014) serum ferritin of the first-time compared to regular 
donors. Hb: Haemoglobin; EPO: Erythropoietin
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of the donors compared to the automatic blood analyzer results. In this 
study, no significant relationship of the age with EPO and Hb levels in 
the donors was found. The endogenous serum erythropoietin showed a 
statistically significant inverse relationship with ferritin level (P=0.002) 
which reflects the well-known ineffective type of erythropoiesis that 
is associated with iron deficiency status [9,11,27-29]. Furthermore, 
this inverse relationship was with correlation coefficient (r) of -1.81 
(Table 3) which suggested that serum erythropoietin assay represent a 
supportive confirmation test in the evaluation of the body iron status 
in blood donors. This study found that EPO was significantly higher 
and the ferritin was significantly lower in regular donors than in the 
first time donors. These findings agree with that of previous studies 
[6,8,28,30]. A recently published study reported that daily oral iron 
supplementation accelerate both hemoglobin and ferritin recovery and 
it would need to be provided for 90 days, which is longer than most 
current recommended iron replenishment programs [31]. Parenteral 
iron may be recommended in case of non-compliance and/or not 
tolerated daily oral iron intake.

Conclusion and Recommendation
Regular blood donors are more prone to have lower body iron store 

and development of latent iron deficiency compared to first time donors. 
The larger amount of donated blood in regular male donor results in 
a more risk of iron deficiency state compared to female counterpart. 
Adequate daily oral iron supplementation would need to be provided 

for 90 days, which is longer than most current recommended iron 
replenishment programs. Introduction of serum ferritin assay at first 
donation and every year for regular donors to increase the safety of 
national blood supplies by preventing the progression of the regular 
donors from latent iron deficiency state to iron deficiency anaemia 
recommended.

Acknowledgement

We are grateful to the technical staff at the involved Institutions, Advanced 
Medical and Dental Institute (AMDI) and the blood bank in Hospital Pulua Pinang, 
Pinang. This study was granted by AMDI /Universiti Sains Malaysia (USM), Pinang, 
Malaysia (FWA/ IRB Registration number: 00007718/ 00004494).

References
1. Conrad ME, Umbreit JN, Moore EG (1999) Iron absorption and transport. See 

comment in PubMed Commons below Am J Med Sci 318: 213-229.

2. Cable RG (1995) Hemoglobin determination in blood donors. See comment in 
PubMed Commons below Transfus Med Rev 9: 131-144.

3. Mittal R, Marwaha N, Basu S, Mohan H, Ravi Kumar A (2006) Evaluation of iron 
stores in blood donors by serum ferritin. See comment in PubMed Commons 
below Indian J Med Res 124: 641-646.

4. Skikne BS, Flowers CH, Cook JD (1990) Serum transferrin receptor: a 
quantitative measure of tissue iron deficiency. See comment in PubMed 
Commons below Blood 75: 1870-1876.

5. Hastka J, Lasserre JJ, Schwarzbeck A, Reiter A, Hehlmann R (1996) Laboratory 
tests of iron status: correlation or common sense? See comment in PubMed 
Commons below Clin Chem 42: 718-724.

6. Szymczyk-Nuzka M, WoÅ‚owiec D (2003) [Iron stores in regular blood donors]. 
See comment in PubMed Commons below Pol Arch Med Wewn 110: 1415-
1421.

7. Badami KG, Taylor K (2008) Iron status and risk-profiling for deficiency in New 
Zealand blood donors. See comment in PubMed Commons below N Z Med J 
121: 50-60.

8. Flesland O, Eskelund AK, Flesland AB, Falch D, Solheim BG, et al. (2004) 
Transferrin receptor in serum. A new tool in the diagnosis and prevention of 
iron deficiency in blood donors. See comment in PubMed Commons below 
Transfus Apher Sci 31: 11-16.

9. Hodges VM, Rainey S, Lappin TR, Maxwell AP (2007) Pathophysiology of 
anemia and erythrocytosis. See comment in PubMed Commons below Crit Rev 
Oncol Hematol 64: 139-158.

10. Fried W (2009) Erythropoietin and erythropoiesis. See comment in PubMed 
Commons below Exp Hematol 37: 1007-1015.

11. Kickler TS, Spivak JL (1988) Effect of repeated whole blood donations on serum 
immunoreactive erythropoietin levels in autologous donors. See comment in 
PubMed Commons below JAMA 260: 65-67.

12. Goodnough LT, Brittenham GM (1990) Limitations of the erythropoietic response 
to serial phlebotomy: implications for autologous blood donor programs. See 
comment in PubMed Commons below J Lab Clin Med 115: 28-35.

13. Ayob Y, Hassan AH, Yahya NM (2008) Transfusion practice guidelines for 
clinical laboratory and personnel, (3rd Edn), National Blood Centre. Kuala 
Lumpur, Malaysia.

14. Hoffbrand AV, Catovsky D, Tuddenham ED, Green AR (2011) Postgraduate 
Haematology (6th Edn), Blackwell Publishing Ltd. 

15. Worwood M (1997) The laboratory assessment of iron status--an update. See 
comment in PubMed Commons below Clin Chim Acta 259: 3-23.

16. Butensky E, Kennedy CM, Lee MM, Harmatz P, Miaskowski C (2004) Potential 
mechanisms for altered iron metabolism in human immunodeficiency virus 
disease. See comment in PubMed Commons below J Assoc Nurses AIDS Care 
15: 31-45.

17. Dupont WD, Plummer WD Jr (1990) Power and sample size calculations. A 
review and computer program. See comment in PubMed Commons below 
Control Clin Trials 11: 116-128.

18. Nadarajan VS, Eow GI (2002) Anaemia and iron status among blood donors in 
a blood transfusion unit in Malaysia. See comment in PubMed Commons below 
Malays J Pathol 24: 99-102.

200

180

160

140

120

100

80

60

40

20

0
1                  2                 3                  4                  5  

Frequency of donation / year

Female

Male

Fe
rr

iti
n 

(n
g/

m
l)

Figure 1: Serum ferritin levels in both genders according to the frequency 
of blood donation in the studied donors. The serum ferritin is significantly 
higher in female who had donated more than three times in the preceding 
year compared to male donors.

Variable Gender No./total (%) Hb (g/dl) 
mean ± SD.

Ferritin (ng/ml) 
mean ± SD.

S
er

um
 E

ry
th

ro
po

ie
tin Below-

median (low 
EPO)

Male 84/114 (73.7) 15.8 ± 1.1 107.6 ± 78.7

Female 30/114 (26.3) 13.5 ± 0.8 46.7 ± 37.6

Total 114/147 (77.5) 15.2 ± 1.4 91.6 ± 75.0

Above-
median (high 
EPO)

Male 24/33 (72.7) 14.9 ± 1.1 83.0 ± 59.2

Female 9/33 (27.3) 13.9 ± 0.7 42.5 ± 22.9
Total 33/147 (22.5) 14.6 ± 1.1 71.9 ± 54.6

p-value 0.309 0.002*
Pearson correlation coefficient -1.81*

Table 3: Correlation of haemoglobin, ferritin levels with erythropoietin levels.

Hb: Haemoglobin, EPO: Erythropoietin. *Statistically significant (p=0.002) inverse 
correlation (r=-1.81) of the serum ferritin with the serum EPO levels. Out of the total 
donors, 114 (77.5%) donors have below-median serum erythropoietin [mean Hb 
value 15.2g/dl (SD=1.4)] and ferritin mean value 91.6 ng/ml (SD=75) comparing 
to 33 (22.5%) donors whom have above-median serum erythropoietin [mean Hb 
value 14.6 g/dl (SD=1.1)] and ferritin mean value 71.9
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