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Abstract
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Introduction

Iron is essential for optimal human physiological function; 
however, its role as a determinant of blood donation fitness 
needs to be critically examined since it is not one of the routinely 
considered prerequisites for blood donation fitness as currently 
practiced in most centers.1 However, hemoglobin (Hb) level 
is primarily used in the assessment of blood donors’ fitness,2 

and the prerequisite level is set at ≥12.5 g/dL before clearance 
is given for possible blood donation deposition.3

Deferral of blood donors as a consequence of factors including 
anemia, which is an indication of low Hb, mostly upset 
donors and often causes loss of donors permanently.4,5 Several 
methods including HemoCue and Salhi methods and copper 
sulfate (CuSO4) specific gravity method have been employed 

in the estimation of Hb and have been used for classifying 
prospective blood donors (PDBs) as unfit or fit.6,7 The 
shortcomings of CuSO4 specific gravity method to screen 
blood donor for eligibility have been documented in our 
previous study.8 In addition, it is noteworthy to mention that 
there are other possible causes of anemia, one of which is 
hinged on iron deficiency.9,10 An estimated 0.5 mg of iron is 
reportedly lost per 1 ml volume of blood donated.3 Therefore, 
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early information about the iron status of blood donors might 
annul this disappointment and enhance continuous and regular 
blood banking.11

Erhabor et al.3 reported the prevalence of iron deficiency among 
blood donors geographically found in Sokoto, Northwestern 
Nigeria. Vijatha et al.12 reported that iron stores in the body are 
quite small and the depletion of iron is commonly found among 
blood donors. Despite normal Hb level and no symptoms of 
anemia, there might be a possibility of low iron levels often 
confirmed by a low blood serum ferritin.13 Serum ferritin 
preferably is the serologic marker of iron stores.14 Thus, 
evaluating the iron store status alongside Hb, determination of 
blood donors might be crucial to ensuring blood donor safety.

Therefore, we hypothesized that since low serum ferritin 
levels have been associated with blood donors, there might 
be a possibility whereby iron status determination may 
augment the affordable CuSO4 specific gravity method in 
order to determine blood donors’ fitness. In as much as the 
physiological importance of iron cannot be overemphasized, it 
is important to discern its role in the determination of the fate 
of PDBs. Hence, this present study evaluated the influence of 
iron store on the fitness of blood donors as well as depicted the 
prevalence of iron store depletion in blood donors.

Materials and Methods

Study design
This was a cross‑sectional, comparative study between PDBs 
considered fit and those unfit using CuSO4 specific gravity 
test. It was conducted at the blood donor clinic of the Lagos 
University Teaching Hospital between March and April 2012 
after ethical approval  (ADM/DCST/HREC/285) reference 
number was obtained from the hospital ethical committee. All 
participants were first‑time donors

Study population and sampling technique
PDBs (n = 263) who were classified into fit and unfit based on 
the CuSO4 specific gravity test were recruited consecutively 
for this study. There were 153 unfit blood donors and 110 fit 
blood donors. Having sought participants’ informed consent 
and met the inclusion criteria, a structured questionnaire 
was administered to each prospective participant to obtain 
information on demography, health status, dietary history, 
menstrual pattern, exercise, and social behavioral history.

The inclusion criteria for this study included all consenting 
healthy adults aged 18–60  years, weighing  ≥50  kg and, 
having given informed consent. Exclusion criteria were the 
donors who weigh <50 kg, anemic menstruating women, and 
all persons with hemolytic anemia, for example, sickle cell 
disease. All persons with transfusion transmissible infections 
such as HIV, viral hepatitis, and syphilis; all persons with 
medical conditions such as cardiovascular diseases or had 
major surgery in the past 1 year; and All persons with social 
behaviors such as homosexuality, intravenous drug users, 
and body piercing/tattooing were also excluded. All pregnant 

women or <6 weeks postpartum, all persons on medications 
such as aspirin and finasteride, and all persons having a history 
of previous blood transfusion, especially in the past 3 months, 
were also excluded.

Specimen collection and preparation
Ten milliliters of blood was collected from each of the study 
participants by venipuncture. Five milliliters (5 ml) of the blood 
collected was dispensed into sodium ethylenediaminetetraacetic 
acid specimen bottle and was subsequently used for the 
estimation of red cell indices within 2 h of collection using 
the Hematology Autoanalyzer  (Sysmex KX21® Japan). 
Meanwhile, the remaining 5 ml of blood was transferred to 
plain disposable plastic tubes and was allowed to stand at 
room temperature to clot. This was centrifuged, serum was 
transferred into plain cryotube, stored at −80°C, and used for 
the estimation of serum ferritin.

Serum ferritin determination
The level of serum ferritin was quantified using Human 
Ferritin Enzyme‑linked Immunosorbent Assay  (ELISA) 
Test Kit  (Diagnostic Automation Inc., USA) based 
on a solid‑phase ELISA. The assay system utilizes an 
anti‑ferritin antibody  (microtiter well) immobilization and 
another mouse monoclonal anti‑ferritin antibody as the 
antibody‑enzyme (horseradish peroxidase) conjugate solution. 
Briefly, 20 ml of standard, test, and control samples were 
dispensed into appropriate wells followed by the addition 
of 100 ml of enzyme conjugate reagent into each well. This 
mixture was incubated at room temperature for 60 min. The 
incubated microliter wells were rinsed, flicked 5 times with 
washing buffer, the wells were sharply struck onto paper 
towels to remove all residual water droplets, and were further 
incubated at room temperature in the dark for 20 min. The 
reaction was stopped by adding 100 ml of stop solution to 
each well, gently mixed for 30 s, and the optical density (OD) 
was read at 450 nm with a microliter reader within 30 min. By 
plotting the OD on y‑axis against the standard concentration 
on x‑axis, the concentrations of each test and control sample 
were extrapolated.

Statistical analysis
Data was analysed using SPSS version 16.0 (Statistical Package 
for Social Sciences, Inc., Chicago, Ill). The values were expressed 
as mean ± standard error of mean. Comparison between the 
mean values was done using the nonparametric Student’s 
t‑test. The cutoff value for normal Hb level was ≥12.5 g/dl,2,3,8 
while that of serum ferritin was ≥15 µg/L.15 The unfit and fit 
blood donors groups were subgrouped as anemia (<12.5 g/dl) 
and normal  (≥12.5  g/dl) based on the Hb level estimation 
by an autoanalyzer and as abnormal  (<15  µg/L) and 
normal (≥15 µg/L) based on the serum ferritin level estimation. 
These subgroupings were used for cross‑tabs analysis. (N. B.: 
Unfit PDBs with normal Hb estimation were taken to be falsely 
deferred by the CuSO4 specific gravity method, while fit PDBs 
with anemia Hb estimation were taken to be falsely passed). 
Comparison between Hb levels and serum ferritin was done 
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using the Fischer’s test, and P ≤ 0.05 was considered statistically 
significant.

Results

A total of two hundred and sixty‑three PDBs were 
recruited consisting 210  males and 53  females. The mean 
age of all participants was 32.88  ±  8.22  years. There 
was no statistically significant difference  (P  =  0.301) 
in the mean level of serum ferritin in unfit blood 
donors (74.5 ± 90.8 µg/L) as compared to that of the fit blood 
donors  (61.5  ±  54.5 µg/L)  [Table  1]. However, the mean 
ferritin level of fit male blood donors (61.94 + 54.06 µg/L) 
was significantly  (P  =  0.04) lower than that of unfit male 
blood donors (88.11 + 99.28 µg/L). In contrast, the level of 
ferritin of fit female blood donors (57.17 + 63.86 µg/L) was 
not significantly (P = 0.39) higher than ferritin level in unfit 
female blood donors (38.38 + 47.93 µg/L) [Table 2]. About 
8.7% (8 of 91) of the fit PDBs (with >12.5 g/dl Hb level) and 
19.3% (12 of 62) of the unfit PDBs (with <12.5 g/dl Hb level) 
had abnormal levels of serum ferritin [Table 3].

Fifty  (80.7%) of the total unfit blood donors who have 
been classified to be anemic  (n  =  62) based on their Hb 
level  (<12.5  g/dl) as estimated by an autoanalyzer were 

found to have normal levels of serum ferritin (≥15 µg/L), thus 
showing significant association between serum ferritin and 
Hb among unfit donors (χ2 = 3.621; P = 0.05). Conversely, 
none of the fit donors (as identified by the CuSO4 test) whose 
Hb was <12.5 g/dl had low serum ferritin even though the 
association between low serum ferritin and anemia did not 
attain statistical significance (χ2 = 1.333; P = 0.248). Of the 
unfit donors classified by CuSO4 test (153 of 263), 59.5% (91 
of 153) were falsely deferred unfit blood donors. However, 
low serum ferritin (<15 µg/L) level was observed in 8.7% (8 
of 91) of these falsely deferred blood donors. Of the 62 
appropriately deferred donors (40.5%), however, low serum 
ferritin was observed in 19.3%  (12 of 62), thus showing 
a significant association between donor fitness and serum 
ferritin levels among unfit donors (χ2 = 3.621; P = 0.05). As 
shown in Table  3, a total number of 18 participants of the 
117 in the fit PDB category (15.4%) were falsely passed as 
fit. However, none of these categories of patients had low 
serum ferritin levels, though this association did not attain 
statistical significance (χ2 = 1.333; P = 0.248) [Table 3]. The 
Pearson correlation coefficient in Table 4 showed a positive but 
insignificant correlation between the levels of serum ferritin 
and other red cell indices.

Discussion

Hb level estimation is the prerequisite biomarker utilized 
for blood donors’ fitness determination. However, in the 
low‑resource economy, alternatively, a cheap methodology 
is being applied in the determination of the fitness of blood 
donors.16 Our previous study has shown the use of CuSO4 
specific gravity method to determine Hb concentration, and 
the overall blood donors’ fitness is not totally dependable; 
however, it slightly holds some promise.8 In this study, the 
observed statistically nonsignificant (P > 0.05) difference in 
serum ferritin level in the unfit blood donors as compared to 
the fit blood donors suggests that the category of blood donors’ 
fitness (fit/unfit) might not have any modulating effect on serum 
ferritin level. It might be that multiple factors including diet, 
blood donation interval, and gender may have impacted the 
blood donor fitness phenomenon.1

The observed abnormal level of serum ferritin among 
correctly rejected unfit blood donors and falsely rejected 
unfit blood donors (who are fit on the basis of Hb estimation 
by an autoanalyzer) is indicative of an iron store depletion 

Table 2: Comparison of serum ferritin level between fit 
and unfit donors classified by sex

Participants (first 
time donors)

PBD 
status

n Ferritin 
(µg/L)

P

Sex
Male Unfit 111 88.11±99.28 0.04**

Fit 99 61.94±54.06
Female Unfit 42 38.38±47.93 0.39

Fit 11 57.17±63.86
**Significant (P<0.05). PDB – Prospective blood donor

Table 3: Comparison of ferritin levels in anemic and nonanemic subjects

Participants Ferritin Hemoglobin χ2 P

Anaemia (<12.5 g/dl) (%) Normal (≥12.5 g/dl) (%)
PBD status

Unfit Abnormal (<15 µg/L) 12 (19.3) 8 (8.7) 3.621 0.05**
Normal (≥15 µg/L) 50 (80.7) 83 (91.3)

Fit Abnormal (<15 µg/L) 0 (0.0) 11 (12) 1.333 0.248
Normal (≥15 µg/L) 18 (100.0) 81 (88)

**Significant (P<0.05). PDB – Prospective blood donor

Table 1: Serum ferritin level in fit and unfit first‑time 
donors

Participants 
(first‑time donors)

n Mean serum 
ferritin (µg/L)

P

PBD status
Unfit 153 74.50±90.80 0.301
Fit 110 61.50±54.50

Significant (P<0.05). PDB – Prospective blood donor
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occurrence among individuals irrespective of the category of 
blood fitness (fit/unfit). In addition, it is remarkable to note 
that the prevalence of iron store depletion among blood donors 
in this study is higher among unfit blood donors (19.3%) in 
comparison to fit blood donors (8.7%). Our finding corroborates 
the studies of Buhari et al.17 and Jeremiah and Koate18 who 
reported 10% and 12% as the prevalence of iron deficiency 
anemia among blood donors in Sokoto and Rivers States, 
Nigeria, respectively. Although both previous studies focused 
on the frequency of blood donation among participants, this 
present study focused on the fitness of blood donors.

Comparatively, the similar statistically significant (P < 0.05) 
prevalence of normal serum ferritin  (≥15 µg/L) among 
the correctly deferred unfit blood donors  (anemic) and the 
falsely deferred blood donors whose Hb level estimation was 
authenticated to be normal by an autoanalyzer, further supports 
the suggestion that blood donation may not be strongly involved 
or might not affect the iron store. Cable et al.19,20 in a study which 
was done over a 2 year period also found iron deficiency anemia 
or absence of iron stores as measured on the basis of serum 
ferritin in first‑time and reactivated blood donors; however, it 
was also reported that frequent blood donors are presented more 
with iron deficiency anemia or absence of iron stores. It would 
be recalled that statistically nonsignificant (P > 0.05)‑positive 
association noted between some hematological parameters and 
serum ferritin level, however, means iron concentration might 
not be central to the buildup of red cell indices. This finding is 
in agreement with the report of Goldman1 who explained that 
the level of Hb poorly predicts iron status.

Putting together all the evidences including the findings 
of this study, iron store depletion cuts across first‑time, 
reactivated, fit and unfit blood donors. This implies that 
other factors might be invariably responsible for this 
outcome (blood donor fitness). Even though some individuals 
with conditions which are known to modulate serum ferritin 
levels have been earlier excluded from the study, there might 
remain some factors affecting serum ferritin that cannot be 
exclusively adjusted. Participants’ nutritional imbalances 
and gender status are very strong examples of these 
factors. Although iron absorption in regular blood donors 
is reportedly higher than individuals who do not donate 
blood, the iron absorption does not entirely compensate for 
the iron loss due to increased frequency of blood donating.21 
This might be responsible for the increased prevalence of 
iron store depletion in unfit blood donors as compared to fit 
blood donors. Since iron store depletion is found in fit and 
unfit blood donors and the increased rate of regular and/or 
frequent blood donation is usually one of the major reasons 
for blood donor deferral, iron depletion might not largely 
influence the unfitness of blood donor

Conclusion

The prevalence of iron deficiency anemia among blood donors 
in Lagos, Nigeria, is 8.7%–19.3%, and it is higher among unfit 
blood donors. Serum ferritin is not a suggestible index to be 
considered one of the determinants that can be used for the 
screening and determination of PDBs’ fitness. This is yet a 
preliminary finding; thus, it is advised that factors including 
blood donation interval and increased participants nationwide 
should be considered to have a robust conclusion. Finally, 
a cohort study involving iron supplementation to control 
nutritional imbalances among participants is recommended 
to have an unequivocal outlook of the level of serum ferritin 
in blood donor fitness.

Study limitations
Since serum ferritin is an acute‑phase reactant; elimination of 
all factors that may affect the serum ferritin level is difficult 
to evaluate in this study. Other indices of iron stores were not 
considered in this study.
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