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Abstract
Aims: The provision of blood for transfusion largely depends on
the availability of blood donors. Hence donor protection as well
as patient’s protection is necessary in achieving good quality
blood and blood products for the benefit of the patient. Methods:
A cross- sectional, descriptive and analytical study was
conducted to compare the hematocrit, erythrocyte sedimentation
rate (ESR), serum protein and body mass index (BMI) in
2
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voluntary (99) and commercial (95) blood donors aged between
18–36 years using simple, cost effective and efficient techniques.
Data were analyzed using Pearson correlation and Student T-test.
Results: The commercial and voluntary blood donors differed
significantly (p < 0.05) in ESR, total protein, hematocrit and
BMI. The majority, 13 (13.7%) of the commercial donors were
underweight while the voluntary blood donors had more
14(14.1%) of overweight blood donors.
There were significant correlations between the hematocrit
and the BMI among the voluntary blood donors (r = 0.287,
p<0.05) and commercial blood donors (r = 0.371, p<0.05)
respectively. The total protein differed significantly between
the commercial and voluntary donors, but there was no
significant correlation with BMI (r = 0.000 and 0.053
respectively, p>0.05). Conclusion: Voluntary donors are better
choice for good quality blood donation than commercial
donors in respect of the PCV and BMI. Blood donors should
be protected against the adverse effect of blood donation by
assessing both the hematologic and nutritional status and by
behavioral change communications.
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Introduction
The provision of blood for transfusion largely depends on the
availability of blood donors; hence donor protection as well as
recipient’s protection is necessary in achieving good quality
blood and blood products for the benefit of the patient. It has
been observed that large amounts of financial funding are
expended annually on the safety of recipients, but very little
attention is given to the state of wellbeing of blood donors [1].
This is worrisome especially in developing and poor nations
where malnutrition is common and majority of the blood donors
are remunerated (paid) with attendant hematologic, nutritional
and socio-economic implications.
Despite the guideline on national blood transfusion service in
Nigeria [2], aimed at ensuring safety, adequacy, accessible and
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efficiency of blood supply in an efficient, cost effective coordinate manner, where protection of both the donor and
recipient is paramount and the WHO recommendation on
voluntary and non-remunerated blood donation [3], most blood
used in Nigeria are sourced from undernourished commercial
(paid) blood donors [4]. No doubt the recommended standards
may be compromised.
Under-nutrition is one of the major health challenges in
developing countries [5]. The basic causes of under- nutrition
and infections in developing countries are poverty, poor hygiene
conditions and little access or no to preventive healthcare [6–7].
Hence, assessment of the nutritional status of a population has
attracted the attention of not only the nutritionists, medical
experts and other biological scientists, but also economists and
other social scientists with a view to understanding the health
and socio-economic status of the population [8– 12]. More so
cultural values and practices play a role. Commercial (paid)
blood donors are poor and uneducated young men that rely on the
remunerations for their day- to-day sustenance and existence
thereby compromising their health and safety [4].
Screening criterion based on the assessment of hemoglobin
and/or hematocrit for the eligibility of blood donations may not
be able to exclude blood donors with underlying health
problems. Some of the commercial blood donors indulge in
negative health practices such as consumption of alcohol, clay
[4] and other substances believing that would help them pass the
screening tests. Malnutrition is common in developing and poor
nations [5] and blood donation also has some negative effects.
There is need therefore, to also assess the nutritional status of
blood donors alongside the hemoglobin concentration/ or
hematocrit to ensure the safety of blood donors as well as the
provision of good quality blood and blood products.
In Nigeria most other poor and developing countries, the main
source of blood for transfusion is paid (commercial) donors
[4]. This leads to exploitation of the donors and the negative
health implications which made the World Health Assembly in
1995 to urge member nations to promote the development of
National Blood Transfusion Services based on voluntary, non4
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remunerated donation and to enact effective and appropriate
legislation governing the operation of blood services and to take
other actions necessary in promoting the health of the blood
donors and recipients of blood and blood products [13,14]. In
Nigeria, the National Blood Transfusion Services (NBTS) rely
on hemoglobin and/or hematocrit assessments as one of the
screening criteria for eligibility to donate blood [2]. Since
hemoglobin concentrations may be normal even when there is
underlying problem(s), such individuals are possibly in danger of
negative effects of the donation; iron deficiency anemia, undernutrition and immunodeficiency state. The negative effects are
influenced more by the frequency of donation [1,15] over a oneyear period than by the number of lifespan donations [16].
Assessing the nutritional status of donors with simple, cost
effective and efficient techniques definitely will help in
protecting the donors as well as provision of good quality blood
and blood products.
In the assessment of the nutritional status of individuals and
communities, anthropometric measurements play a very
important role. Departures from normal can often be detected
earlier by anthropometry than by clinical examination and
anthropometric figures are more objective than clinical
assessments [17,18], especially for the individuals that are
clearly at high risk of becoming malnourished themselves. In
1992, a task force of the International Dietary Energy
Consultative Group of the ACC sub-committee on nutrition
suggested that body mass index (BMI) be used to define adult
chronic dietary energy deficiency [19]. The BMI or quetelet
index has been known since the last century as a measure of
body proportion and composition, thinness or undernutrition
[20].
The body mass index (BMI) is the most widely used indicator
in epidemiological studies [21], associated or not with other
anthropometric variables in identification of patients at
nutritional risk of obesity [9]. The great advantage of this index
is the easy way to measure, the low cost, the good correlation
with the fat mass and the association to morbidity and mortality
[22]. However, use of anthropometry may be more difficult in
adolescents than in other age groups because anthropometric
5
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indices in normally nourished adolescents change with age and
sexual development [23].
Packed cell volume (hematocrit) and body mass index
estimations are essential factors associated to the etiology of
certain disease; cardiovascular disease especially hypertension
increased risk for type 2 diabetes mellitus [24] and in the
development of non-insulin-dependent diabetes mellitus,
independent of age, body mass index (BMI), smoking physical
activity, high density lipoprotein (HDL)-cholesterol, and systolic
blood pressure [25] and hence a good measure to access health.
Screening for PCV and BMI therefore will help not only to
exclude anemic donors but also those with other health problems
and chronic disease thereby protecting both the blood donor and
recipient as well.
The work therefore, used the hematocrit, ESR, serum protein and
BMI to assess the eligibility of blood donors to donate blood in a
poor and underdeveloped community setting where majority of
the donors rely on the remuneration as the major source of
income.

Materials and Methods
Subjects and Sampling
This cross-sectional, descriptive and analytical study was
conducted at Federal Teaching Hospital, Abakaliki, Nigeria:
Blood Transfusion Unit to assay the hematocrit, ESR, serum
protein and some anthropometric parameters; weight, height (and
used to calculate the BMI) of male blood donors. Written
informed consent was obtained from each participant and study
protocol was approved by the institutional ethics committee of
the hospital. Strict anonymity was observed throughout the study
and intervention programmed aimed at educating the blood
donors on the safety and health implications of frequent
donations was instituted.
One hundred and ninety-four apparently healthy blood donors
comprised of 99 voluntary (mean age 23.54±2.9 years.) and 95
commercial (mean age 25.11±2.86 years) who attended Federal
Teaching Hospital, Abakaliki; Transfusion Unit from February
6
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to August 2016 for the purpose of blood donation were selected
and enrolled to the study, according to the inclusion criteria. The
commercial blood donors consisted of remunerated repeat
donors (those who have donated blood at three to four times or
more in a year for at least two consecutive years), while the
voluntary blood donors included non- remunerated, replacement,
targeted or relative blood donors (those who have not donated
blood more than once or twice in a year). The standard
instructions and questionnaire used to screen donors for
transfusion transmissible infections and chronic diseases
were followed and those with other health problems other than
decrease hemoglobin and or hematocrit excluded. All donors
were recruited irrespective of whether fit to donate blood based
on the hematocrit or due; the interval between last donation.
Donors that failed the screening tests on the ground of low
hemoglobin or hematocrit without any other health problems
were counseled and given hematinics while those with health
problem(s) were referred to the physician. General health
assessments were done by means of interviews and completion
of a comprehensive questionnaire on age, past medical history,
medications, frequency of donations per year and reason for
phlebotomy.
Six milliliters of blood was collected from each participant in
EDTA (for hematocrit, ESR) and plain vial (for serum protein).
Serum was separated within one hour after centrifugation,
labeled appropriately and preserved at -70oC.

Measurements of Variables
Anthropometric parameters (weight, height) of donors were
measured using standard protocol. The height (in meter), weight
(in kilogram) were used to calculate the body mass index (kg/m2)
using the following formula. BMI= weight (kg)/ (height in
meter)2.
The serum protein was estimated using RANDOX TP reagent
kit method. The hematocrit and ESR estimations were done
without preservation within 1HOUR using standard methods. Data
were analyzed using Pearson correlation and Student T-test,
adapted from Statistical Package for Social Sciences (SPSS)
7
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version 22 and Microsoft excel software. Statistical significance
was set at p < 0.05.

Results
This study is a comparative of adult male blood donors of
selected 99 adult voluntary blood donors and 95 adult
commercial blood donors. Less than 2% of the donors were
females and therefore excluded. The mean ±SD of age, weight,
height and BMI of voluntary and commercial blood donors are
presented in Table 1 There were significant differences in age,
weight and BMI among the two groups (p<0.05). In height the
mean ± SD of voluntary and commercial blood donors were
1.72±0.15 m and 1.73±0.07 m respectively and there was no
significant difference between them (p>0.05). In the ESR, the
mean±SD of voluntary and commercial blood donors were
6.79±3.80 (mm/hr) and 12.33±8.39 (mm/ hr) respectively and
there was a significant difference between them (p<0.05). Similar
significant differences were seen in the total protein and PCV of
the blood donors.
The majority, 13 (13.7%) of the commercial donors were
underweight while the voluntary donor had more 14 (14.1%) of
overweight blood donors (Table 2). There was a significant
correlation between the PCV and the BMI among the voluntary
blood donor (r = 0.287, P<0.05) (Figure 1) and the estimation of
PCV from BMI of the voluntary blood donors is shown in the
regression equation thus: PCV = 46.728–0.346 (BMI). More so
there was significant correlation between the PCV and the BMI
among the commercial blood donor (r = 0.371, p<0.05), and the
estimation is shown in the regression equation thus: PCV =
20.966 + 0.371(BMI). The equilibrium BMI for the two groups
was 21.98 kg/m2 the PCV was 41.81%.
The total protein differed significantly (Table 1) between the
commercial and voluntary donors, but there were no significant
correlation between the total protein and BMI among groups (r =
0.000, and r = 0.053) respectively.

8

www.videleaf.com

Prime Archives in Medicine

Table 1: Comparison of the parameters in voluntary and commercial.
Age

23.54±2.9

25.11±2.86

-3.775*

192

0.000

67.94±10.03

63.51±8.16

3.369*

192

0.001

1.73±0.07

-0.418

192

0.677

21.06±2.01

6.025*

192

0.000

6.79±3.80

12.33±8.39

-5.962*

192

0.000

Total protein(TP)(g/dl)

85.33±10.39

72.43±10.15

8.745*

192

0.000

PCV

38.86±2.20

36.68±4.05

4.676*

192

0.000

Weight (kg)
Height (m)
BMI (kg/m2)

1.72±0.15
22.72±1.82

ESR(mm/hr)

* P<0.05 there is significant difference
Key: ESR = Erythrocyte sedimentation rate
BMI = Body mass index
Tp = Total protein

Table 2: Body mass index group difference among the donors.

9

BMI group

Voluntary

Commercial

Total

Under weight (<18.5)

0(0.0%)

13(13.7%)

13(6.7%)

Normal weight (18.5–24.9)

85(85.9%)

80(84.2%)

165(85.1%)

Over weight (25.0–29.9)

14(14.1%)

2(2.1%)

16(8.2%)

Total

99(100.0%)

95(100%)

194(100.0%)

www.videleaf.com

2
22.078

df

p-value

2

0.000
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Figure 1: A scatter plot with trend lines and line of equilibrium of BMI and
PCV in the voluntary and commercial blood donors
Abbreviations: PCV: Packed cell volume, BMI: Body mass index

Discussion
In this study, the mean BMI for voluntary and commercial
blood donors were 22.72±KG/M2 and 21.06±2.0 kg/m2
respectively and there was significant difference between them.
These figures were within normal when compared with the
normal range of 18.50–24.90 kg/m2 [26]. By the classification
of National Institute of Health, NIH [27], in overall; 85.10%
were within normal weight, while 13.7% of the commercial and
none of the voluntary blood donors respectively were
underweight and 2.1% and 14.1% of the commercial and
voluntary blood donors respectively were overweight.
Frequency of donation, varying nutritional status and patterns of
food consumption, life style, eating habits and medical
conditions may account for these differences [28].
The respective mean PCV for commercial and voluntary
blood donors were 36.68±4.05% and 38.86±2.20%. These
fall below the normal range of 40.00–54.00% and 47±3% as
10
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previously reported [29,30] in the same environment and 40–
53% in Caucasians [31]. It is likely, anemia due to frequency
of donation, effect on serum iron, erythropoietic stress, and
related diseases could be contributory in commercial donors as
well as effects of endemicity of malaria and other diseases,
varying nutritional status and patterns of food consumption in
voluntary donors.
The PCV and BMI correlates significantly (r = 0.287, and r =
0.371, p<0.05) in both the voluntary and commercial blood
donors respectively. The equilibrium BMI of the two groups
was 21.98 kg/m2 WHILE the PCV was 41.81%. The negative
slope of the PCV of voluntary donors explains that the PCV is
comparatively higher than that of the commercial donors. The
PCV assesses the anemia or hemoglobin concentration of the
individual while the BMI assess the nutritional status of the
same. The body mass index (BMI) is the most common marker
used on diagnoses of the nutritional status. The great advantage
of this index is the easy way to measure, the low cost, the
good correlation with the fat mass and the association to
morbidity and mortality. Measuring both the BMI and PCV
would be of value in assessing the fitness and the nutritional
status of the donor thereby protecting the donor and would be
recipient and ensuring safety as well as provision of good
quality blood and blood products. Applications of these
principles are cost effective, fast and can be used in
economically underdeveloped and developing countries to
reduce the number of inappropriate blood transfusion services.
Screening for PCV and BMI, therefore, will help not only to
exclude anemic donors but also those with other health problems
and chronic disease thereby protecting both the blood donor and
recipient as well.

Conclusion
Voluntary (unremunerated) blood donors are better choice for
blood donation than commercial blood donors in respect of the
PCV and BMI. Efforts towards the achievement and
implementation of the World Health Organization (WHO)
guidelines on unremunerated blood donation should be
encouraged. In the developing countries, blood donors should
11
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be protected against the adverse effect of blood donation by
assessing both the hematologic and nutritional status. In every
health system, blood donors should be regularly educated about
the risks and implications of frequent blood donation and
choice of food substances to be taking in order to boost their
immunity and also to increase the iron store of their body
system before blood donation. There is need for advocacy
towards appropriate health policies and programs aimed at
provision of safe and appropriate blood and blood products
through behavioral change communications with the blood
donors.

References
1. Badar A, Ahmed A, Ayub M, Ansari AK. Effect of
frequent blood donations on iron stores of non anaemic
male blood donors. J Ayub Med Coll Abbottabad. 2002;
14: 24–27.
2. National blood transfusion service (NBTS) of Nigeria,
Federal Ministry of Health. Guidelines on appropriate use
of blood and blood products for Nigeria. 1991; 2: 25.
3. World Health Organization. Towards 100% voluntary
blood donation: A global framework for action.
WHO/International Federation of Red Cross and Red
Crescent societies. 2007.
4. Chukwurah EF, Obi GO, Okolo IE. Unrefined calcium
carbonate (clay) consumption in blood donors: Pica or
evidence of any effect on blood density. Journal of Health
and Visual Sciences. 2005; 7: 68–71.
5. Adias TC, Igwilo AC, Jeremiah ZA. Repeat whole blood
donation correlates significantly with reductions in BMI
and lipid profiles and increased gamma glutamic
transferase (GGT) activity among Nigerian blood donors.
Open Journal of Blood Diseases. 2012; 2: 90–94.
6. Chukwurah EF, Nneli RO. Prevalence of transfusion
transmissible infection disease markers among blood
donors in a south Eastern state of Nigeria. Nigeria
Biomedical Science Journal. 2005; 1: 114–117.
7. Murphy EL, Schlumpf K, Wright DJ. BMI and obesity in
US blood donors: A potential public health role for the
blood centre. Public Health Nutr. 2012; 15: 964–971.
12

www.videleaf.com

Prime Archives in Medicine

8. Ghadiri-Anari A, Nazemian N, Vahedian-Ardakani HA.
Association of body mass index with hemoglobin
concentration and iron parameters in Iranian population.
ISRN Hematol. 2014; 2014: 525312.
9. Woodruff BA, Duffield A. Anthropometric assessment of
nutritional status in adolescent populations in humanitarian
emergencies. Eur J Clin Nutr. 2002; 56: 1108–1118.
10. Raju S, Singh BD, Verma NS. Study of body mass index
(BMI) and lipid profile of blood donors of north Indian
population: A cross sectional study. International Journal of
Biomedical Research. 2015; 6: 425–428.
11. Eze JN, Oguonu T, Ojinnaka NC, Ibe BC. Physical growth
and nutritional status assessment of school children in
Enugu, Nigeria. Niger J Clin Pract. 2017; 20: 64–70.
12. World health organization. Strategies for safe blood
transfusion. 2000; 1–30.
13. World Health Organization. Blood safety indicators. 2007.
Available Online at: http://www.who.int/bloodsafety/
GLOBAL_DATABASE/EXCOMPLETEDBSI2007EN.PD
F
14. Røsvik AS, Ulvik RJ, Wentzel-Larsen T, Hervig T. The
effect of blood donation frequency on iron status. Transfus
Apher Sci. 2009; 41: 165–169.
15. Mittal R, Marwaha N, Basu S, Mohan H, Ravi Kumar A.
Evaluation of iron stores in blood donors by serum ferritin.
Indian J Med Res. 2006; 124: 641–646. 16. Bailey
KV,
Ferro-Luzzi A. Use of body mass index of adults in
assessing individual and community nutritional status. Bull
World Health Organ. 1995; 73: 673–680.
16. Moghadam AM, Natanzi MM, Djalali M. Relationship
between blood donors’ iron status and their age, body mass
index and donation frequency. Sao Paulo Med J. 2013; 131:
377–383.
17. Norgan NG. Population differences in body composition in
relation to the body mass index. Eur J Clin Nutr. 1994; 48:
S26–27.
18. Womersley J. A comparison of the skinfold method with
extent of ‘overweight’ and various weight-height
relationships in the assessment of obesity. Br J Nutr. 1977;
38: 271–284.
13

www.videleaf.com

Prime Archives in Medicine

19. Tesfaye F, Nawi NG, Van Minh H. Association between
body mass index and blood pressure across three
populations in Africa and Asia. J Hum Hypertens. 2007;
21: 28–37.
20. Adak DK, Gautam RK, Gharami AK. Assessment of
nutritional status through body mass index among adult
males of 7 tribal populations of Maharashtra. India Mal J
Nutr. 2006; 12: 23–31.
21. Ansel-Odigwe CO, Ana MU. Profile of body mass index in
Nigeria children and adolescent. Nigeria Journal of
Medicine. 2001; 10: 78–80.
22. Woodruff BA, Duffield A. Anthropometric assessment of
nutritional status in adolescent populations in humanitarian
emergencies. Eur J Clin Nutr. 2002; 56: 1108–1118.
23. Tamariz LJ, Young JH, Pankow JS. Blood viscosity and
hematocrit as risk factors for type 2 diabetes mellitus: The
atherosclerosis risk in communities (ARIC) study. Am J
Epidemiol. 2008; 168: 1153–1160.
24. Wannamethee GS, Perry AG. Packed cell volume and body
mass index estimation. Journal of Diabetes. 1996; 1: 576–
579.
25. World Health Organization. The Management of Nutrition
in Major Emergencies. Geneva: World Health
Organization. 1996.
26. National Institute of Helath. Clinical guidelines on the
identification, evaluation and treatment of overnight and
obesity in Adults. 1998.
27. Nordstrom J. Trace Mineral Nutrition in the elderly.
American Journal of Clinical Nutrition. 1982; 36: 788–795.
28. Isa AH, Hassan Y, Ijei IP. Reference ranges of some
haematological parameters in healthy northern Nigerian
adults. Jos Journal of Medicine. 2012; 6.
29. Dapper DV, Ibe CJ, Nwauche CA. Haematological values
in pregnant women in Port Harcourt, Nigeria. Niger J Med.
2006; 15: 237–240.
30. Fairbarks VF, Teffri A. Normal ranges for packed cell
volume and haemoglobin concentration in adults:
Reference to 991. Guidelines on appropriate use of blood
and blood products for Nigeria. 2006; 2: 25.

14

www.videleaf.com

