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Abstract
Background and Objectives: Regular and repeat blood do-
nations may cause reduced body iron stores (BIS), which may 
lead to a shrinking donor pool. Furthermore, hemoglobin 
(Hb) itself is quite an inadequate measure to detect iron de-
ficiency. Hence, our primary aim was to understand the ef-
fect of repeated blood donations on BIS in regular blood do-
nors. Study Design and Setting: We conducted a prospec-
tive study on voluntary whole-blood donors (September 
2015 through August 2017). Donor demographics were not-
ed. Donors were further divided into four groups, depending 
on their number of donations. Their samples were tested for 
Hb, red cell indices, and serum ferritin to check for reduced 
BIS. The data obtained were analyzed using SPSS version 20 
(IBM, USA). Results: A total of 374 regular voluntary blood 
donors were included in the study. The mean serum ferritin 
levels in males and females were 75.4 and 36.2µg/L, respec-
tively. There was a 45% decrement in the mean serum ferritin 
values in Group I (101.57 µg/L) in contrast to Group III (56.69 
µg/L) (p < 0.0032). In the study, 9.8, 11.2, and 4.8% of the do-
nors were in Stage 1, Stage 2, and Stage 3 of reduced BIS, 
respectively. Of the donors, 11.2% were in Stage 2 of reduced 
BIS. Further donations in such cases can compromise donor 
safety. Conclusion: The present study demonstrates iron de-
pletion in regular voluntary blood donors. In 11.2% of the 
donors, iron deficiency erythropoiesis was noted. A ferritin 
screening after the first donation followed up at the tenth 

donation might help detect  iron-deficient individuals. Iron 
supplementation for all regular blood donors and female do-
nors in particular will help prevent the shrinking donor pool 
due to iron deficiency. © 2019 S. Karger AG, Basel

Introduction

Regular donation may be one of the important causes 
of iron loss in blood donors. Bleeding results in move-
ment of iron from body stores [1]. As iron storage reduc-
es, its absorption increases subsequently. With frequent 
blood donation, an individual either reaches stability at a 
lower level of iron stores or becomes anemic. One mL of 
blood consists of 0.5 mg of iron. Thus, a unit of blood (450 
mL) contains nearly 250 mg of iron, representing about 
30% of the average body iron stores (BIS) in males and 
nearly 80% in females [2]. Iron deficiency is often ob-
served in long-term regular blood donors [3]. The fre-
quency of blood donation has been so regulated as to pre-
vent anemia in most donors, but quantitative informa-
tion regarding the iron status of donors is still limited till 
date. Screening for hemoglobin concentration (Hb) is a 
conventional part of the donor selection process, both in 
order to assure adequate quality of red cell concentrates 
collected and to safeguard the potential donor’s health 
[4]. It is established that iron-deficiency anemia is the last 
stage in the pathogenesis of body iron depletion, and it is 
apparent that Hb levels by themselves are insufficient 
data for identifying blood donors with iron deficiency 
without anemia. Accurate diagnosis and detection of iron 
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deficiency at an early phase require further laboratory 
testing with a high degree of accuracy and precision [3].

It has been predicted that donors deferred for low Hb 
donate relatively 30% less blood over the subsequent 4-to-
5-year period, even after their Hb normalizes in com
parison to the donors who have not been deferred [5]. 
Considering donors deferred for low Hb constitutes a 
significant percentage of the total donor population. 
Understanding the prime causes for the deferrals and 
establishing an action plan to prevent them will help pro-
mote the blood donor well-being and improve the ever-
declining donor pool. To accomplish the worldwide and 
nationwide drive to recruit and retain regular and repeat 
voluntary nonremunerated blood donors, the iron status 
of the donors must be diagnosed, and essential steps for 
iron supplementation should be taken [6]. To our knowl-
edge, no standardized study has been conducted in the 
southern part of India to determine iron stores in blood 
donors. Considering all these reasons, and having a huge 
pool of repeat voluntary nonremunerated blood donors, 
we sought out to conduct this study. Our primary aim was 
to understand the effect of repeated blood donations on 
BIS in both male and female regular blood donors.

Materials and Methods

Study Design
A prospective study on voluntary whole-blood donors was per-

formed after taking informed consent. Donors who attended the 
blood center attached to a 2,032 bedded tertiary care hospital in 
South India (Kasturba Hospital, Manipal, Karnataka) from Sep-
tember 2015 through August 2017 were reviewed. The study was 
approved by the institutional ethics committee prior to com-
mencement (IEC-508/2015).

Donor Selection Criteria
Donors were asked specific questions about blood donation as 

per the donor questionnaire on the basis of the standards pub-
lished in the technical manual of the Directorate General of Health 
Services [7]. All donors selected were asked the following ques-
tions: age at first donation, the total number of lifetime donations, 
number of donations within the previous year, the interval be-
tween donations, date of the last donation, dietary history, occupa-
tion, education, and consumption of iron supplements (if any).

Inclusion Criteria
The study included all regular voluntary donors who had do-

nated, the last donation being within the previous year, and con-
tinued to donate regularly at least once per year [8]. The donors 
included in the study were further divided into the following four 
groups based on their number of donations: Group 1, donors who 
donated 1–10 times; Group II, donors who donated 11–20 times; 
Group III, donors who donated 21 times and above; and Group IV, 
regular donors deferred due to low Hb.

Exclusion Criteria
All voluntary donors who did not fulfill the criteria of regular 

donors (lapsed donors) and those on iron supplementation were 
excluded from the study.

Study Methodology
A questionnaire was given to each donor after obtaining their 

informed consent for the participation in the study. Blood sam-
ples from the study subjects were collected for hematological tests 
such as Hb, MCV (mean corpuscular volume), MCH (mean cor-
puscular Hb), MCHC (mean corpuscular Hb concentration), and 
red cell distribution width (RDW). Red cell indices were mea-
sured by using KX-21 Sysmex (Coulter, Japan). Serum was trans-
ferred into plain vials and stored at –20  ° C for the measurement 
of serum ferritin concentrations. Serum ferritin was estimated us-
ing ELISA (Calbiotech, USA) as per the manufacturer’s instruc-
tion. Based on the body iron status, the donors were categorized 
under three stages: Stage 1, negative iron balance (reduced iron 
balance with a serum ferritin level between 15 and 30 µg/L); Stage 
2, iron deficiency erythropoiesis with serum ferritin levels < 15 
µg/L and normal Hb; Stage 3, iron deficiency status with serum 
ferritin levels < 15 µg/L and microcytic hypochromic picture on 
the hemogram.

Donor demographics and data on the number of donations in 
the preceding 3 years were taken from blood bank software (Easy 
Software Solutions, Ahmedabad, India).

Statistical Measurement
The data were analyzed using SPSS version 20 (IBM, Chicago, 

IL, USA). The simple descriptive data (in a normal distribution) 
was analyzed through the mean with standard deviation, and 
quantitative data as percentages. The statistical analysis was done 
using Student’s t test. p values < 0.05 were considered statistically 
significant.

Results

A total of 374 voluntary blood donors were included 
in the study. The mean age was 33.5 ± 7.63 years (18–59). 
Based on the number of donations, Group I had 29%  
(n = 108), Group II had 27% (n = 101), Group III had 27% 
(n = 100), and Group IV had 17% (n = 65) donors as study 
subjects, respectively (Table 1). The male-to-female ratio 
was 4.7: 1 (Table 2). Donor hematocrit (Hct), red cell in-
dices (MCV, MCH, MCHC, and RDW), and serum fer-
ritin were evaluated in all four groups of blood donors. 
The mean standard deviation of the hematological pa-
rameters is  shown in (Table 3). A comparison of red cell 
indices and serum ferritin level between the groups 
showed the following results:
•	 Groups I and II: no significant difference was observed 

between with respect to red cell indices and serum fer-
ritin.

•	 Groups I and III: a significant difference was observed 
with respect to Hb, Hct (p = 0.0347, p = 0.0325), and 
serum ferritin level (p = 0.0032), but there was no sig-
nificant difference between the groups with respect to 
other red cell indices. There was a 45% decrement in 
iron stores (mean serum ferritin) between the groups 
(Group 1 [101.57] and group III [56.69 µg/L]).

•	 Groups I and IV: all red cell indices of Group IV were 
significantly lower than those of Group I. There was a 
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78% decrement in iron stores (mean serum ferritin) 
between the groups.

•	 Groups II and III: the percentage of blood donors with 
reduced iron stores (ferritin 15–30 µg/L) increased 
with the number of donations (Table 4). Similarly, the 
percentage of blood donors with iron deficiency eryth-
ropoiesis increased with the number of donations. 
None of the group I, II, and III donors had < 15 µg/L 
with a microcytic/hypochromic picture in the hemo-
gram. In the study, a population of around 37 (9.8%) 
were in Stage 1 of reduced iron stores; 42 (11.2%) were 
in iron deficiency erythropoiesis (Stage 2); and 18 
(4.8%) were in Stage 3, respectively (Table 5).

Discussion

Chronic iron deficiency is one of the most common 
observations seen in long-term regular blood donors [1, 
9]. It was detected in regular donors with a donation fre-
quency of more than three times a year, who were not 
compensated by iron absorption [10, 11]. The blood bank 
should hold liability in protecting donors, which includes 
the prevention of anemia and also bringing awareness to 
iron supplementation and dietary modification. In the 
present study, we stratified the regular blood donors into 
different groups based on the number of donations and 
compared these with the body iron status.

Table 1. Age-based distribution of donors according to the frequency of blood donation

Groups (frequency of donations) Donors,
n (male:female) 

Percentage, % Age, years
(mean ± SD)

Group I (1–10) 108 (83:25) 29 29±8.40
Group II (11–20) 101 (90:11) 27 37±8.63
Group III (>21) 100 (98:02) 27 40±7.55
Group IV (regular donor deferred due to low Hb) 65 (38:27) 17 28±5.94

Total 374 100 33.5±7.63

Table 2. Mean serum ferritin level in the different age cohorts

Age cohorts,
years

Gender,
male:female

Serum ferritin, µg/L p value

males females

18–20 29:09 68.8±35.65 30.29±18.52 0.029
21–30 58:30 110.73±79.81 37.99±26.70 0.000
31–40 126:17 74.92±73.21 22.60±31.53 0.000
41–50 59:09 62.88±52.85 54.31±35.38 0.003
51–60 37:00 59.79±28.15 – –

Total 309:65 75.42±53.93 36.29±28.03 0.000

Table 3. Hematological parameters in the different blood donor groups

Groups Hb, g/dL Hct, % MCV, fL MCHC, g/dL MCH, pg/cell RDW Serum ferritin, 
µg/L

Group I 14.71±1.47 44.39±4.45 87.13±5.39 33.21±1.05 28.99±2.33 12.53±1.01 101.57±66.51
Group II 14.61±1.05 44.37±3.01 88.23±4.87 33.09±0.92 29.26±1.98 12.59±1.06 73.97±135.42
Group III 14.36±1.36 43.28±3.48 87.90±7.81 33.02±1.46 29.09±3.30 12.81±1.14 56.69±40.45
Group IV 12.02±0.42 37.36±1.40 85.24±7.60 31.64±1.35 27.76±2.99 13.25±1.38 23.57±48.02

Inter-group
comparison
(with
p < 0.05)

Groups 1 and 3
(0.0347)

Groups 1 and 3
(0.0325)

Groups 1 and 4
(0.0236)

Groups 1 and 4
(0.0001)

Groups 1 and 4
(0.0004)

Groups 1 and 4
(0.0284)

Groups 1 and 3
(0.0032)

Groups 1 and 4
(0.0001)

Groups 1 and 4
(0.0001)

Group 1 and 4
(0.0001)
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We noted that the mean Hb and Hct values were sig-
nificantly lower in Group III in comparison to Group I. 
However, we did not observe any correlation between the 
number of donations and the MCV and MCH values. Al-
exander et al. [12] observed a significant negative correla-
tion between the number of donations and Hb levels. In 
addition, they found an association between reduced 
MCV and MCH levels and an increasing frequency of 
blood donation.

In groups I, II and III, 9.2, 16.8, and 23%, respectively, 
had reduced BIS. Iron depletion in the different groups 
increased along with the increase in the number of dona-
tions; i.e., by 5.5% in group I and 17% in group IV, and 
this finding is in accordance with the earlier studies men-
tioned in the literature [3, 10, 15].

The mean ferritin values decreased in regular blood 
donors as early as after ten donations, implying that test-
ing for serum ferritin should be done even at an earlier 
stage, preferably after five donations. This is to know the 
iron stores even before depletion. In this study, 83% of the 
female and 76% of the male donors with anemia (Hb  
< 12.5 g/dL) showed low ferritin values; i.e., < 20 µg/L, 
which was similar to the findings of Alvarez et al. [15]. 
Thus, it provides clinical evidence for considering serum 
ferritin as part of routine screening and decision-making 
for the need of iron supplementation. The majority of 
male first-time donors in our study had lower ferritin lev-
els; i.e., 68.8 µg/L compared to the western Indian coun-
terparts, as shown in studies conducted by Javadzadeh 
Shahshahani et al. [14] (86.7 µg/L), Abdullah et al. [3] 
(131.4 µg/L), and Alvarez et al. [15] (141 µg/L), thus indi-
cating the donors’ vulnerability of developing anemia 
upon repeated donations.

Our study also had the limitation that serum ferritin is 
an acute-phase reactant. Therefore, it is elevated in in-
flammatory conditions. Donors are screened prior to do-
nation for any potential ill effects, but the inclusion of 
C-reactive protein would still rule out an increase in se-
rum ferritin due to any other cause. This would be useful 
for a better interpretation of the results. Though the sam-
ple size was surpassed in the study, researchers opine a 
bigger sample would give a better picture of the situation. 

It would be better to decentralize the sample to all parts 
of the country to have a better picture of the iron status of 
the entire country. The inclusion of other biochemical 
markers such as soluble transferrin receptors, serum iron, 
and TIBC would also have been useful to better interpret 
the findings. The main concern was donors who had de-
ficient stores but normal Hb count and on further dona-
tions would eventually progress to the stage of iron defi-
ciency anemia. We have not considered the inter-dona-
tion intervals in the present study, and, to a certain extent, 
this could have influenced the results in the present study. 
Iron-deficient erythropoiesis was observed in 11.2% of 
the regular donors, and they are at risk for developing 
iron deficiency anemia. Further donations in these cases 
can compromise donor safety. As Group II donors had a 
2.2 times higher risk of progressing to iron-deficient 
erythropoiesis stage, ferritin screening after the first do-
nation and followed up at the tenth donation might help 
detect individuals at risk. Iron supplementation may be 
considered after donation in all donors with low ferritin 
level, regardless of Hb concentration.

Statement of Ethics

As per the hospital transfusion policy, informed consent was 
obtained from all individual participants included in the study. All 
procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institutional 
ethics committee and with the 1964 Helsinki declaration and its 
later amendments or comparable ethical standards (IEC-
508/2015).

Table 4. Distribution of donors according to body iron stores and number of donations

Groups Donors,
n

Stage 1,
serum ferritin <15–30 µg/L
(reduced iron balance)

Stage 2,
serum ferritin <15 µg/L
(iron deficiency erythropoiesis  
with normal Hb)

Stage 3,
serum ferritin <15 µg/L
(with features of anemia)

Group I 108 6 (5.5%) 4 (3.7%) 0
Group II 101 9 (8.9%) 8 (7.9%) 0
Group III 100 11 (11%) 12 (12%) 0
Group IV 65 11 (17%) 18 (27.6%) 18 (27.6%)

Table 5. Three stages of iron deficiency and blood donor distribu-
tion

Stages of iron deficiency Donors, n (%)

Stage 1: reduced iron 37 (9.8)
Stage 2: iron deficiency erythropoiesis 42 (11.2)
Stage 3: iron deficiency anemia 18 (4.8)

Total 97/374 (25.9)
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