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Iron Status of Pregnant Women at different Trimester in Nsukka, Enugu State, South
East, Nigeria.

Abstract:Anaemia associated with iron deficiency in pregnant women in South East , Nigeria is a
serious medical issue particularly in remote areas due to poor awareness. The aim of this
research work was to determine the prevalence and severity of anaemia in pregnant women in
first, second and third trimester using haemoglobin and ferritin concentration as an indicator of
anaemia among the subjects. Effect of age, gestational age (trimester) and intake of routine
drug on haemoglobin and ferritin concentration of the subjects were also determined. In this
study a total of 127 blood samples from pregnant women within:the age of 20 — 49 years, in
which 6 were in first trimester, 50 in second trimester and 71 in third trimester were collected.
From this study, the prevalence of anaemia in the. subjects based on haemoglobin
concentration below 11 g/dl was 39.4%, prevalence based on ferritin concentration below 15
ug/l was 27.6%. The result of correlation analysis of haemoglobin‘concentration on the effect of
age shows a negative correlation which is significant (p < 0.05) but positively correlated with
ferritin concentration although not significant at (p > 0.05). Gestational age when correlated
with haemoglobin and ferritin concentration shows a negative correlation at (p > 0.05). Intake
of routine drug when correlated with haemoglobin shows a negative correlation at (p > 0.05)
but when correlated with ferritin shows a positive correlation, although not significant at (p >
0.05). This study reveals that more than half of the subjects were anaemic and their children
stands the risk of being born anaemic especially when they are exclusively breast fed.
Determination of the iron status of these pregnant women will help the scientific community on
the correct approach in the treatment, prevention and management during pregnancyTherefore,
public health campaign should be carried out to sensitize pregnant women on the need for
early antenatal booking.and iron supplementation during pregnancy.

Key words:. Iron, haemoglobin, Ferritin, Pregnant women, anaemia, trimester, Nsukka

Introduction

Iron is a type of mineral found in all cells of the body.lron is obtained from the diet, enters the
body and is carried throughout the bloodstream by a protein called transferrin, which is
produced in the liver (Elzahrani, 2012). In the blood iron helps form haemoglobin which is an
important protein in red blood cells. Haemoglobin is responsible for the transportof oxygen
throughout the body so it can function normally. Iron is considered an important mineral
because haemoglobin cannot be made without it (Elzahrani, 2012).

Iron deficiency is the most frequent nutritional deficiency disorder in the world (WHO, 2015). A
recent estimatebased on World Health Organization (WHO) criteria indicate that around 600-



700 million people worldwide have a marked iron deficiency anaemia. Iron deficiency anaemia
in pregnancy has been defined by the National Academic of Science Panel on nutrition as
ferritin level lower than 15 pg/l while the World HealthOrganization defined anaemia in
pregnancy as haemoglobin level of less than 11g/dl (Elzahrani, 2012). For non — pregnant
women, the World Health Organization (WHO, 2015) defined anaemia as haemoglobin
concentration less than 12g/dl and defined iron deficiency anaemia as serum ferritin
concentration less than 15 ug/I.

Pre-pregnancy body stores are important because during pregnancy there.is a marked
physiologic increase in the demands for absorbed iron to expand the woman’s red blood cell
mass and to secure an adequate iron supply for the function of the placenta and developing
foetus(Milman, 2006). To complete a normal pregnancy without taking iron.supplements and
without developing iron deficiency or iron deficiency anaemia, the woman should have body
iron stores at conception of 500 mg (WHO0,2015), which corresponds to serum ferritin
concentration of 70 — 80pg/I (Milman, 2006).

The development of iron deficiency anaemia is associated with increased risk of pre-term birth
and low birth weight infants. The physiologic importance of storage.iron is that it provides a
rapidly available supply in the event of blood loss. To achieve iron balance, towards the end of
pregnancy, the absorption of 4 — 5mg/day is necessary. Requirements-are higher during periods
of rapid growth in early childhood and adolescent. Worldwide, the highest prevalence figures of
iron deficiency today are found in infants, children, teenagers, women of childbearing age and
pregnant women. The highest prevalence today is observed in pregnant women and
menstruating women (Sachan et al., 2013).

Transfer of iron from mother to foetus occurs mainly in the last trimester of pregnancy.
Therefore, during this period, a mother’s food should contain surplus quantities of iron. During
this time, the child is dependent on the iron reserve, received from the mother during
pregnancy. In premature babies, the transplacental transfer of iron might not have taken place.
Hence such babies are at risk of iron deficiency (Vasudevanet al.,2011). Haemoglobin
concentrations are used to characterize, and serve as iron benchmark for anaemia and iron
deficiency anaemia have been provided by the WHO (WHO,2015). Iron deficiency is commonly
caused by the combination of blood loss and insufficient dietary intake. (Milman, 2006).
Pregnant women. are particularly vulnerable to iron deficiency which is the most prevalent
global nutrition deficiency and the most common cause of anemia worldwide.There is a current
concern that irrespective of worldwide campaign against anaemia in pregnancy, women of
reproductive age still. enter into pregnancy without proper iron stores and could give birth to
children with inadequate iron deposit. Anaemia associated with iron deficiency in pregnant
womenin South East Geopolitical zone of of Nigeria is a serious medical issue particularly in
remote areas due to poor awareness. Therefore, there is urgent need to carry out public health
campaign so as to sensitize pregnant women on the need for early antenatal booking and iron
supplementation during pregnancy. The scientific information from this research will enhance
this sensitization. The aim of this research was to Investigate the iron status of pregnant
women at different trimester in Nsukka, Enugu State, South East, Nigeria.

MATERIALS AND METHODS



MATERIALS

Subjects

One hundred and twenty-seven pregnant women at different trimester (6 were in the first
trimester; 50 were in the second trimester and 71 were in the third trimester), all living at Nsukka
community, Enugu State, Nigeria, were recruited for this study. All experimental protocols were
carried out in accordance with the World Medical Association Declaration of Helsinki and all
subjects provided written consent. Ethical approval (UNN/FBMS/EC/1017) was obtained from
the Ethics and Biosafety Committee of Faculty of Biological Sciences, University of Nigeria,
Nsukka, Enugu State, Nigeria. The objectives and benefit of this study was carefully explained to
the subject before they accepted to take part in the study.

Study Area

Pregnant women attending the antenatal clinic in Nsukka Divisional Health Centre were
recruited for the study. This is the major public maternity unit within Nsukka community. The
hospital gives quality healthy service and sensitize pregnant women.on how to take care of
themselves during the course of their pregnancy.

Equipments and Instruments

Equipment and instrument used for the study were obtained from Shalom Research Laboratory
and Projex Laboratory and other scientific shop in Nsukka. They include; centrifuge (model
800D; New Life Medical Instrument, England), Spectrophotometer (model SPM721- 2000,
Biodiagnosis Inc., USA), refrigerator (Haier thermo cool, England), non-anticoagulated bottles,
EDTA bottles, micropipette (Volume Range 0-1000ul; Swastika Scientific Instrument Private
Ltd, Mumbai India), micro titer plate reader (model MR 9602A; Biotech USA).
Chemicals/Reagent

Analytical grade chemicals were used in this study. The reagents and chemicals used for
haemoglobin determination were Darbkin’s reagent which contain potassium cyanide, potassium
ferricyanide, and sodium bicarbonate. Cal biotech kits for determination of ferritin which contain
biotin reagent, streptavidin coated microwells; ferritin reagent (horseradish peroxide), ferritin
calibrator, substrate A (tetramethylbenzidine), substrate B (hydrogen peroxide) and stop solution
(hydrochloric acid).

METHODS

Data Collection

The following were the inclusive criteria for selection of subject; their age, trimester, routine
drug, pregnancy history, resident within Nsukka community, Enugu State, consent to participate
in the study, willingness to give 5ml of blood.

Sample Collection

A known volume, 5ml of blood sample was collected from each participant by venepuncture
using disposable needles and syringes. Thereafter, 3ml of the blood sample were transferred into
a labeled plane container. The blood was allowed to clot, spun at the speed of 4000rmp for 10
minutes using centrifuge. The serum obtained was carefully separated using Pasteur pipette and
transferred to a new plain container, while the whole blood was discarded properly according to
the best practice of laboratory waste disposal. The remaining 2ml of the blood sample was
transferred into ethylene diaminetetracetic acid (EDTA bottle). It was properly kept for malaria
parasite and haemoglobin determination.

HAEMOGLOBIN DETERMINATION



Haemoglobin determination was done using standard method as described by Ochei and
Kolhalther (2008).Thehaemoglobin determination is based on light intensity principle on the
dilution of blood (from EDTA) in a solution called Drabkin’s solution, which contains potassium
cyanide and potassium ferricyanide. Red blood cells are haemolysed and haemoglobin is
released which is converted to methaemoglobin by reacting with potassium ferricyanide.
Themethaemoglobin is converted to cyanmethaemoglobin (which has maximum absorbance of
540nm) by potassium cyanide. The colour intensity measured at 540 nm is proportional to the
total haemoglobinconcentration.The blood sample (20 pul) was diluted in 8ml of Dakin’s solution
by 1:250. The tube was then covered and inverted several times and left to stand for 5 minutes to
ensure complete conversion. The cyanmethaemoglobin (HICN) was poured into a cuvette. The
spectrophotometer was set to 100% transmitter at 540nm using Drabkin’s solution as blank. The
haemoglobin value was then determined by multiplying by a factor of 36.8 to give the actual
haemoglobin value.

FERRITIN DETERMINATION

Serum ferritin determination was done using enzyme immunoassay method as described by
Addison (1972) and as contained in Calibiotech ferritin kit:The principle is based on enzyme
reaction where streptavidin coated micro well react with ferritin biotin reagent (monoclonal
biotinylated antibody) and the serum containing the native antigen from an antibody-antigen
complex. The biotin attached to the antibody binds to streptavidin on-the micro well resulting in
immobilization of the complex. After incubation the antibedy-antigen bound fraction is separated
from unbound antigen by decanting. Another antibody that is directed to a different epitome
labeled with an enzyme was added leading to an enzyme labeled antibody-antigen-biotinylated
complex. Excess enzyme is washed out using the washing buffer. A suitable substrate is added to
produce a colour effect measurable with the use of spectrophotometer. Prior to assay, the reagent
was allowed to stand at room temperature (20 = 25°C). The reagent was gently mixed before
use.The desired number of coated strips was placed in to the holder for patient’s specimen to be
assayed in duplicate. A known volume, 25 nl(0.02ml) of ferritin standard, control and samples
wasPipette into appropriate: wells and 100ul of biotin reagent was added into each well.
Thereafter the plate was shaken for 10 — 30 minutes. The plate was covered and incubated for 30
minutes at room température (20 = 25°). Liquid was removed from all wells and washed well for
three times with 30x wash buffer. The plate was tapped and blotted dry with absorbance
paper.After which 100u1 (0.100 ml) of the enzyme reagent was added into each well and was
covered and incubated for 30 minutes at room temperature (20 - 25%). The liquids from all wells
were removed and washed for three times with 300x wash buffer. The plate was tapped and
blotted dry using absorbance paper.The substrate, 100ul (0.100ml) was added into all wells and
incubated for 15 minutes at room temperature. Thereafter 50ul (0.050ml) of stop solution was
added into all well and was carefully mixed for 10 -20 minutes at room temperature. The
absorbance in each well was read at 450nm within 15 minutes after adding the stop solution
(using wavelength of 620 — 630nm) in a micro plate reader.

Data Analysis

Datawas expressed as mean + standard error of mean (SEM) and test of statistical significance
was carried out using One-Way Analysis of Variance (ANOVA). Pearson test was performed to
assess the correlation between Haemoglobin concentration, serum ferritin with other variables.
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(ye Demographical Information on Pregnant Women.

ars) Table 1 shows the demographical information of pregnant women. One hundred and twenty-
seven pregnant women aged 20 — 49 years participated in the study. The age distributions were
20 — 24 years (26.8%), 25 — 29 years (37%), 30 — 34 years (20.4%), 35 — 39 years (12.6%), 40 -
44 years (2.4%) and 45 — 49 years (0.8%). Among the pregnant women used in this study, six

20 - (4.7%) were in their first trimester, fifty (39.4%) were in their second trimester and seventy-one

24 (55.9%) in their third trimester. A total number of fifty-six(44.1%) took the routine drugs

34 regularly, while seventy-one (55.9%) did not.

26. Prevalence of Anaemia Using Haemoglobin Concentration Alone

8 Table 2 shows the result of prevalence of anaemia using haemoglobin concentration alone. From
the table 39.4% of the pregnant women were anaemic based on haemoglobin less than 11g/dl. In

25-  first trimester, 0.79% were anaemic, second trimester 18.89% were anaemic while 19.69% were

29 anaemic in the third trimester.

47 Prevalence of Anaemia Using Ferritin Concentration Alone

37 Table 3 shows the prevalence of anaemia using ferritin coneentration alone. From the result
27.6% of the subjects were anaemic based on ferritin concentration less than 15ul. In first

30-  trimester 3.94% were anaemic, 11.81% were anaemic in.second trimester while 11.81% were

34 anaemic in third trimester.
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Table 1: Demographical Information on Pregnant Woman

1 Participant(n=127) Number Percentage (%)

35-39 16 12.6

40-44 3 24

45-49 1 0.8

Trimester 6 4.7

2" Trimester 50 39.4
3" Trimester 71 55.9

Intake of Iron Supplements

Regular 56 44.1
Irregular 71 55.9




Table 2: Prevalence of Anaemia using Haemoglobin Concentration alone (Anaemia =Hb
<11 g/dl).

Gestation age (n=127) Number Percentage (%)
First trimester 1 0.79

Second trimester 24 18.89

Third trimester 25 19.69

Total 50 39.40

Table 3: Prevalence of Anaemia using Ferritin Concentration alone
(Anaemia = ferritin<i5pnl).

Gestation age (n=127) number percentage (%)
FirstTrimester 5 394

Second Trimester 15 11.81

Third Trimester 15 11.81

Total 35 27.60

Prevalence of Anaemia using CombineHaemoglobin and Ferritin Concentration in
pregnant women in first, second and third trimester.



Table 4 shows the prevalence of anaemia and non-anaemic pregnant women both in first, second
and third trimester. From the result none of the subjects were anaemic in first trimester, 26% of
the subjects were anaemic in second trimester while 11.3% of the subjects were anaemic in third
trimester. Based on ferritin level alone 66.6% of the subjects were anaemic in first trimester,
46% in second trimester while 53.5% of the subjects in third trimester were anaemic.
Conversely, 16.7% of the subjects in first trimester, 22% in second trimester while 23.9% in
third trimester were anaemic based on low haemoglobin and ferritin level respectively.

Effect of Age on Haemoglobin and Ferritin Concentration

Table 5 shows the effect on haemoglobin and ferritin“concentrations. From the table, mean
haemoglobin concentration has a significant different (p.< 0.05) when age range of 40 — 45 years
is compared to other age range. However, the age range of 30 — 34 years are non-significantly (p
> 0.05) when compared to age range of 35 -39 years and 40 — 44 years. Mean ferritin
concentration shows that the age range of 40 —44 years and 45 — 49 years are significantly (p <
0.05) different when compare to the age range of 20 — 24 years, 25 — 29 years, 30 — 34 years and
35 — 39 years. However, the age range of .20 — 25 years and 35 — 39 years are significantly (p <
0.05) lower than the age range of 30 — 34 years.

The Effect of Gestation Age (first, second and third trimester) on Haemoglobin andFerritin
Concentrations

Table 6 shows the of effect gestational age on haemoglobin and ferritin concentrations. from the
results, the mean concentration of haemoglobin in the first trimester (11.60 £ 1.86) shows no
significant (p> 0.05) difference when compared to second (11.03 + 1.56) and third trimester
(11.06 = 1.64). The mean value of ferritin concentration in the first trimester (16.24 + 3.10) was
significantly (p< 0.05) lower when compare to the mean ferritin concentration in the second
trimester (75:72 + 9.50) and third trimester (66.53 + 5.09).

Table 4: Prevalence of Anaemia using Combine Haemoglobin and Ferritin

Concentrations in first, second and third trimester.

Parameters Prevalence (%)

First Trimester ~ Second Trimester Third Trimester



(n=6) (n=50) (n=71)

Normal Hband Normal Ferritin 1(16.7) 3(6) 8(11.3)
Low Hb and Normal Ferritin (0)) 13(26) 8(11.3)
Low Ferritin and Normal Hb  4(66.6) 23(46) 38(53.5)
Low Hb and Low Ferritin 1(16.7) 11(22) 17(23.9)
Table 5: The Effect of Age on Haemoglobin and Ferritin Concentrations
Age Range Mean Hb ( g/dl) Mean Ferritin (ug/1)
20-24 years (n=34) 11.57 +1.37 24.87 £5.72
25-29 years (n=47) 11.20+1.91 86.84 + 11.01
30-34 years (n=26) 10.69 +1.03 90.064 12.20
35-39 years (n=16) 10.58 +1.75 80.99 £ 10.41
40-44 years (n=3) 10.38 £ 0.58 8.32+1.36
45-49 years (n=1) .64 + - 8.78 + -

Result are expressed in mean + standard deviation.
Hb = haemoglobin

Table 6:The Effect of Gestation Age (first, second and third trimester) on Haemoglobin
and Ferritin Concentrations.

Gestation age Mean Hb ( g/dl) Mean Ferritin (ug/1)
First Trimester (n=6) 11.60 + 1.8616.24 + 3.10

Second Trimester (n=49) 11.03 = 1.56 75.72 £ 9.50

Third Trimester (n=72) 11.06 + 1.64 66.53 + 5.09

Result are expressed in mean + standard deviation.



Hb = haemoglobin

The Effect of Routine Drugs on HaemoglobinandFerritin Concentrations

From the result, the mean haemoglobin concentration of those that received routine drug (11.30
+ 1.73 g/dl) was slightly higher compared to those who didn’t receive the drug (10.59 + 1.49
g/dl). However, the mean ferritin concentration of pregnant women who receive routine drug
(58.53 + 4.08 pg/l) was significant higher (p < 0.05) when compared to the concentration of
those that didn’t receive (75.17 = 9.10 pg/l).

Correlation Analysis of age range, Gestation age and Intake of Routine.Drugs on the
Haemoglobin and Ferritin Concentrations of Pregnant \Women.

The correlation table below, shows that age is negatively correlated with. haemoglobin but
positively correlated with ferritin. This means that as age of the subjects was increasing, their
haemoglobin level was decreasing. This decrease was statistically significant (p < 0.05).
however, the ferritin level was increasing with an increase in the age of the subjects, although not
significant (p > 0.05). Gestational age when correlated with_the haemoglobin and ferritin
concentration shows a negative correlation (p >0.05). This implies that increase as gestational
age of the subjects’ increases, there was a decrease in _haemoglobin and ferritin
concentrations.Also, from the result, intake of routine drugswhen correlated with the
haemoglobin concentration shows a negative: correlation (p.> 0.05)but when correlated with
ferritin concentration shows a positive correlation (p >.0.05), which means that intake of routine
drug seems to have reduce the haemoglobin level but.increase ferritin level of the subjects.

Table 7: TheEffect of Routine Drug.on Haemoglobin.and Ferritin Concentrations

Groups Mean Hb (g/dl) Mean Ferritin (ug/1)
Regular (n=57) 11.30 + 1.73 58.53 +£4.08
Irregular (n=70) 10.59 +1.49 75.17 +9.10

Result are expressed in mean + standard deviation.
Hb = haemoglobin

Table 8: Correlation Analysis of Age range, Gestationage and Routine Drugs on the
HaemoglobinandFerritin Coneentrations ofPregnant Women.

Groups Mean Hb (g/dl) Mean Ferritin (ug/l)

Age - 0.260** 0.083

Stage of Pregnancy -0.36 -0.021

Intake of Supplements -0.126 0.057

Correlation is significant at p- value (p <0.05)
* Correlation is significant at the 0.01 level



DISCUSSION

Iron deficiency is one of the most important nutritional disorder among pregnant women
worldwide. It could directly or indirectly contribute to the high rate maternal, perinatal morbidity
and mortality seen in Nigeria (Rodger et al., 2015).

Iron deficiency anaemia was highly prevalent among pregnant women used in this study. Using
the World Health Organisation criterion of haemoglobin level below 11g/dl.to define anaemia in
pregnant women, 39.4% of the pregnant women used in this study were anaemic, with a total
number of 0.79% in first trimester, 18.89% in second trimester and 19.69%. in third trimester.
This result is in support with the data obtained from previous studies. in developing countries
showing a range from 35.5% to 75.0% (Omigbodum, 2004). The prevalence of anaemia in this
study based on haemoglobin level (39.4%) is within the range with the findings of other studies
carried out in Nigeria, Mcmahon, 2013 (40.2%); Anorluet al. 2006-(35.3%); and Barker and
Greer, 2010 (51.8%). The 39.4% from this study is however lower than 64.1% reported by
Ezugwu et al. (2013) in Enugu state. This could be as a result of educational and economic status
of the subjects. However, the prevalence of 39.4% is higher than the 10.4% obtained at Ibadan in
south-West Nigeria (Pasricha et al., 2010) and 21.6% obtained by Alem et al. (2013) in
Northwest Ethiopia. This may be due to the differences in feeding habits, routine drug intake or
some other factors not considered in their research.

The prevalence of anaemia using ferritin concentration alone from this study shows that 27.6%
of the subjects were anaemic. This is based on ferritin concentration below 15ug/l, with 3.94% in
first trimester, 11.8% in secondtrimester and 11.8% in third trimester. Late antenatal booking
may have contributed to a rise in prevalence, since most of the subjects in this study started their
antenatal booking during the second and third trimester (Owolabi and Olalorum, 2014).

The result of haemoglobin.on gestational age (Trimester) from this study shows higher value
(11.60+1.86)in first trimester when compared to second (11.03+1.56) and third (11.06+1.64)
trimester. This result is in-accordance with Kumar et al. (2013) and Goswami et al. (2014),
which reported that increase in gestational age does not affect haemoglobin concentration. Also
Hogue (2016) reported that the prevalence of anaemia among pregnant women of in Bida, Niger
State based on haemoglohin level shows no difference when compared with other trimester. This
could be as a result of greater expansion of plasma volume with increase in red blood cell
volume (Perez et al., 2005). Plasma volume expands nearly 50% and consequently haemoglobin
level decreases. However, ferritin level in second trimester was higher when compared to first
and third trimester.According to Bencarova and Breymann (2014), serum ferritin concentration
is maximum-in second trimester and then falls with advance gestational age in third trimester.
This could be as a result of iron supplement consumption by the subject in second trimester since
they normally start their prenatal care in second trimester. By third trimester, the iron demand by
the foetus increases leading to a general decline in ferritin levels. Gestational age when
correlated with haemoglobin and ferritin concentration shows a negative correlation (p> 0.05).
This implies that as gestational age of the subject increases, there was a decrease in maternal
haemoglobin and ferritin concentration. This result agrees with the report of Demmoucheet al.
(2011) and Nik et al. (2012).



The result of the effect of age on this study shows a slightly levels of haemoglobin concentration
among subjects within the age of 20 — 24 years and 25 — 29 years but lower levels among
subjects within the age of 30 -34 years and 45 — 49 years. This is to say that haemoglobin level
decreases as age increases. This could be as a result of the physiological function of the cells
(Finberg, 2011). This result agrees with the findings reported by Marieb and Hoehn, (2013) and
Galti et al. (2012) in Ethiopia. However, ferritin concentration increased among subjects within
the age of 25 — 29 years and 35 — 39 years but decreased among subjects within the age of40 —
44 years and 45 — 49 years. An increase in ferritin concentration among the subject could be as a
result of high intake of food that contain iron while a decrease in ferritin concentration among
the subject could also be as a result of inability of the subject to absorb iron (Sharp and Srai,
2007). This agrees with the report of Kozuki et al. (2012).The result of correlation analysis on
the effect of age on haemoglobin concentration shows a negative correlation but positively
correlated with ferritin concentration. This means that as the age of the subjects was increasing,
their haemoglobin level was decreasing. This decrease was statistically significant (p< 0.05).
However,ferritin concentration of the subject was increasing with an increase in age, although
not significant (p> 0.05). this result is in accordance with the results of previous study done by
Sankuet al. (2010).

Report from most developing countries shows that iron:supplement intake during the time of
pregnancy has limited effectiveness. This could be as a result. of poor adherence, infection,
inefficient health care systems and high rate of pre-existing anaemia (Alizadeh et al., 2014).
Prevalence of anaemia among pregnant women in this study is high despite the fact that they
received an average intake of routine drug. This finding is similar to that of Alizadeh et al.
(2014) and Hemmininki and Rimpela (1991). The result of haemoglobin concentration of the
subject who had the routine drug in this study:shows a slight difference on intake of routine drug
among pregnant women when compared to those that did not. Although there was a decrease in
ferritin concentration of those that took the routine drug while there was an increase in ferritin
concentration of those that are not regularly taking the routine drug. This could be that the
subjects are already iron deficient before taking the routine drug. This result is in accordance
with results as reported by. Mecmahon, (2013) which said that the level of serum ferritin falls
early in the development of iron deficiency and it is not affected by recent iron ingestion while
an increase in the ferritin level of those that are not taking the routine drug could be as a result of
the subjects taking other supplement apart from the one issued to them, although this result
varies with the previous reportof Arise, (2017). Intake of routine drug when correlate with
haemoglobin concentration shows a negative correlation at (p>0.05) but when correlate with
ferritin_ concentration shows a positive correlation at (p>0.05). This implies that increase in
intake of routine drug seems to reduce the haemoglobin level but increase ferritin level among
the subjects.

CONCLUSION

The study reveals that anaemia during pregnancy is highly prevalence. More than halve of the
subjects was anaemic in both first, second and third trimester. This implies that children born by
anaemic mothers stand the risk of being anaemic especially during exclusive breast feeding.
Report obtained from previous studies have shown that iron reserve received by children as
foetus during pregnancy runs out within 4 to 6 months after child birth thereby exposing infants
to the risk of anaemia. Hence, public awareness campaign is recommended to create awareness
on the need for early antenatal booking to provide opportunity for early detection and treatment



of anaemia. There is a need to educate and implement strategies that will improve iron status of
pregnant women. This will lead to sufficient placenta iron transfer to the unborn child.

Conflict of Interest
We declare that there was no conflict of interest.

REFERENCES

1.

2.

10.

11.
12.

13.

Abrams, E. T. and Meshnick, S. R. (2009). Malaria during pregnancy in endemic areas: a
lens
for examining maternal — fetal complicit. American Journal of Human Biology, 21:

a. 643 -650.

Addison, G. M., Beamish, M. R., Hales, C. N., Hodgkins, M., Jacobs, A. and Llewellin,
P.
a. (1972). An immunoradiometric assay for ferritin in the serum of normal subjects
b. And patients with iron deficiency and iron overload. Journal of Clinical
Pathology
25:326-329.

Alem, M., Enonogew, B., Gelaw, A., Keilaw, T,; Seid, M. and Olkeba, J. Y. (2013).
Prevalence
a. of anaemia and associated risk factors among pregnant women attending antenatal
care
atAzezo Health center Gondar Town, North West Ethiopian. Journal of Interdiscioline
a. Histocompathology, 1:137 — 144

Allen, L. H. (2000). Anaemia and .iron deficiency: Effect on pregnancy outcome.
American
Journal of Clinical Nutrition, 71(5):1280 — 1284.

Allen, L. H. (2005). Multiple micronutrient in pregnancy and lactation: an overview.
American Journal of Clinical Nutrition, 81: 1206 — 1212.

Alizadeh, L., Rgoof, A., Salehi, L. and Ramzi, M. (2014). Impact of maternal
haemoglobin
a..concentration on fetal outcome in adolescent pregnant women. Iranian Red
Crescent Medical Journal, 16 (8): 190 — 196.

Andres, E. and Serraj, K. (2012). Optimal management of pernicious anaemia. Journal of
Blood Medicine, 3: 97 — 103.

Anorlu, R. 1., Odum, C. U. and Essien, E. E. (2006). Asymptomatic malaria parasitemia
in pregnant women at booking in a primary health care facility in a periurban community
in Lagos, Nigeria. African Journal of Medical Science, 1: 39 — 41.



14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25,

26.

27.

28.

Arise, F. (2017). Prevalence of anaemia and its associated factors among pregnant
women receiving antenatal care. Journal of Blood Medicine, 8: 35 — 138.

Baird-Gunning, L., Jonathan, J., Bromley, A. and Jonathan T. (2010). Iron deficiency
anaemia. Australian Prescriber. 39 (6): 193 — 199.

Baker, R. D. and Greer, F. R. (2010). Diagnosis and prevention of iron deficiency and
iron deficiency anaemia in infants and young children (0 — 3 years). Pediatrics. 126: 1040
—1050.

Banka, S., Ryan, K., Thomson, W. and Newman, W. G. (2011). Pernicious anaemia —
genetic insight. Autoimmune reviews. 10 (8): 455 — 4509.

Beard, L. (2000). Effectiveness and strategies of iron supplementation during pregnancy.
American Journal of Clinical Nutrition, 71: 1288 — 1294.

Beard, J. L. (2008). Why iron deficiency is important in infant.development. Journal of
Clinical Nutrition, 138 (12): 2534 — 2536.

Beaton, G. H. (2000). Iron needs during pregnancy: do we need to rethink our target?
American Journal of Clinical Nutrition, 72: 265 — 271,

Bencaiova, G. and Breymann, C. (2014). Mild anaemia and pregnancy outcome in a
swiss collective. Journal of Pregnancy; 67 (4): 337 — 342.

Bertelsen, M., Anggard, E. E. and Carrier, M. J. (2015). Oxidative stress impairs insulin
internalization in endothelial.cell in vitro. Diabetology. 44: 606 — 613

Bothwell, T. H. (2000). Iron requirements in pregnancy and strategies to meet them.
AmericanJournal of Clinical Nutrition,72: 257-264.

Breman, J. G.;.Egan, A. and Keusch, G. T. (2001). The intolerable burden of malaria: a
new lookat the numbers. American Journal of Tropical Medical Hygienic, 64: 4 — 7.

Canaschella, C.(2015). Iron deficiency anaemia. New England Journal of Medicine, 327
(19): 1832 - 1843.

Centre of Disease Control and Prevention (2002). Iron deficiency — united states. 51 (40):
879.-899.

Chandra, S., Tripathi, A. K., Mishra, S., Amzarul, M. and Vaish, A. K. (2012).
Physiological

changes in haematological parameter during pregnancy. Indian Journal ofHaematology
and Blood Transfusion, 28 (3): 144 — 146.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Cogswell, M. E., Kettle-khan, L. and Ramakishnan, U. (2003). Iron supplement use
among women in the united states. Science policy and practice. American Journal of
Nutrition, 133(5): 19745 — 19747

Decsi, T. and Lohner, S. (2014). Gaps in meeting nutrients needs in healthy toddlers.
Annual Nutrient Metabolism.65(1): 22 — 28.

Demmouche, A., Khelil, S. and Moulessehoul, S. (2011). Anaemia among pregnant
women in Sidi Bel Abbes Region West Alegra: epidemiology study. Journal of Blood
Disorders and Transfusion, 2(3): 1 - 6.

Donovan, A, Lima, C. A., Pinkus, G. S., Zon, L. I. and Robine, S.(2005).:The iron
exporterferroportin is essential for iron homeostasis. Cell Metabolism..1: 191 - 200.

Elzahrani, S.S. (2012). Prevalence of Iron Deficiency Anaemia among Pregnant Women
Attending Antenatal Clinics at Al-Hada Hospital. Journal of Medical Nutrition, 3 (1):10
-14.

Ezugwu, E. C., Mbah, B. O., Chigbu, C. O. and Onah, H. E. (2013). Anaemia in the
united states. Pediatric health problem in Enugu, ‘South East Nigeria. Journal of
Obstetrics and Gynecology, 3: 451 — 454.

Finberg, K. E. (2011). Unravelling mechanism regulating systematic iron homeostasis.
American Society of Haematology. 1: 532 — 537.

Fleming, R.E. and Ponker, P. (2012). Iron overload in human disease. New England
Journal of Medicine, 366: 348 — 359.

Fletcher, J. (2018)..Serum iron test: high, low and normal ranges medical news today.
Retrieve from https://MWWW.medicalnewstoday.comat 190.18.

Franzer, D. M. and Anderson, G. J. (2014). The regulation of iron transport. Biofactor.
40: 206 —214.

Galti, M. G., Becuuci, E., Fargnoli, F., Fagioli, M., Aden, U. and Buonocore, G. (2012).
Functional maturation of neocortex:a base of viability. The Journal of Maternal — Fetal
and Neonatal Medicine, 25 (51): 101 — 103.

Ganz; T. (2013). Systemic iron homeostasis. Physiological review. 93: 1721 — 1741.
Goswami, T. M., Patel, V. N., Pandya, N. H., Mevada, A. K., Desai, K. S. and Solanki,

K.B. (2014). Maternal anaemia during pregnancy and its impact on perinatal outcome.
International Journal of Biomedical and Advance Research,5 (2): 99 — 102.



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Goodman, S. R., Kurdia, A., Amman, L., Kakhniashuili, D. and Daescu, O. (2007). The
human red blood cell proteome and interactome. Experimental Biology and Medicine.
232 (1): 1391 - 408.

Gibson, R. S., Abebe, Y. and Stabler, S. (2008). Zinc, gravida, infection and iron, but not
vitamin B, or folate status, predict haemoglobin during pregnancy in southern Ethiopian.
Journal of Nutrition, 138(3): 581 — 586.

Goltschalk, R., Wigand, R., Dietrich, O. F., Oremek, G., Liebisch, F. and Hoelzer, D.
(2000). Total iron binding capacity and serum iron transferrin determination under the
influence of several clinical condition. Clinical Chemistry. 293 (2): 127 — 138.

Guyatt, G. H., Patterson, C., Ali, M., Singer, J., Levine, M., Turpie, L. and Neyer, R.
(1990). Diagnosis of iron — deficiency anaemia in the elderly. The America Journal of
Medicine, 88 (8): 205 — 209.

Hafenstein, S., Palermo, L. M., Kastyuchenko, V. A., Xiao, C.;:Morais, M. C., Nelson, C.
D., Bowman, V. D., Battissti, A. J., Chipman, P:R., Parish, C. R. and Rossmann, M. G.
(2007). Asymmetric binding of transferrin receptor to parvovirus capsids proceeding of
the Natural Academic of Science of the United States of America. 104 (16): 6585 — 6589.

Heilman, E. (1975). The level of serum iron and total iron binding capacity in various
diseases. Medical Web. 26 (37): 1629 — 1630.

Hemmininki, E. and Rimpela, U. (1991). A randomized comparism of routine verses
selective supplementation during. pregnancy. Journal of American Collection of
Nutrition, 10: 3 - 10.

Hentze, M. W., Muckenthaler, M. U. and Andrews, N. C. (2004). Balancing Acts:
Molecular Control of Mammalian Iron Metabolic Cell. 117: 285 — 297.

Hogue, M. (2006). Prevalence of anaemia in pregnancy at Greentown South Africa,
Tropical Journal of Obstetrics and Gynaecology, 23 (1):3-7.

Hoppe, M.; Hulthen, L. and Hallberg, L. (2005). The relative bioavailability in human of
elemental iron powders for use in food fortification. European Journal of Nutrition, 45
(1):37 -44.

Hurell, R. and Egli, 1. (2010). Iron bioavailability and dietary reference value. American
Journal of Clinical Nutrition, 91: 1461 — 1477.

Ikeda, Y., Suehiro, T., Yamanaka, S., Kumon, Y., Takata, H. and Inada, S. (2001).
Association between serum ferritin and circulation oxidized low — density lipoprotein
level in patients with type 2 diabetes. Endocrine journal, 53: 665 — 670.



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Janz, T. G., Johnson, R. L. and Rubenstein, S. D. (2013). Anaemia in the emergency
department: evaluation and treatment. Emergency Medicine Practice. 15 (11): 1 — 15.

Jeremy, J. R., Berg, M., John, L., Tymoczko, lubertstryer., Gregory, J., Galto, G. and
Freeman, W. H. (2012). Biochemistry. 7" edition. New York. Pp 455 — 609.

Jiang, N., Tan, N. S., Ho, B. and Ding, J. L. (2007). Respiratory protein generated
reactive oxygen species as an antimicrobial strategy. Nature Immunology. 8 (10): 1114 —
1122.

Jiang, R., Manson, J. E., Meigs, J. B., Ma, J., Rifai, N. and Hu, F. B. (2004). Body iron
stores in relation to risk of type 2 diabetes in apparently healthy women. American
Journal of Nutrition, 291: 711 — 717.

John, S. and Hoegerl, C. (2009). Nutritional deficiency after gastric bypass surgery. The
Journal of the American Osteopathic Association, 109(11): 601 — 604.

Kabanova, S., Weinbongard, P., Volkmer, J., Andree, B., Kelm, M. and Jax, T. W.
(2009). Gene expression analysis of human blood cells. International Journal Medical
Science. 6 (4): 156 — 159.

Kassebaum, N. J. (2016). The global burden of anaemia. Haematological Oncology
Clinic North American. 30 (2): 247 — 308.

Kefiyalew, F., Zemene, E., Asres, Y. and Gedefaw, L. (2014). Anaemia among pregnant
women in southeast Ethiopia: prevalence, severity and associated risk factors. BMC
Research Notes,7(1):771 — 778.

Kozuki, N., Lee, A. C. and Katz, J. (2012). Moderate to severe, but not mild, maternal
anaemia is associated with increased risk for gestational age outcomes. The Journal of
Nutrition, 142 (2):.358 —362.

Krafft, A.; Murray — Kolb, L. and Milman, N. (2012). Anaemia and iron deficiency in
pregnancy. Hindawi Publishing Corporation Journal of Pregnancy, 15 (10): 125 — 130.

Kumar, K.'J.,”Asha, N., Murthy, D. S., Sujatha, M. and Manjunath, V. (2013). Maternal
anaemia in various trimester and its effect on new-born weight and maturity: an
observational study. International Journal of Preventive Medicine, 4 (2): 193 — 198.

Lahner, E. and Annibale, B. (2009). Pernicious anaemia. New insights from a gastro
enterological point of view. World Journal of Clinical Gastroenterology, 15 (41): 5121 -
5128.

Lao, T., Tam, K. F. and Chan, L.Y. (2000). Third trimester iron status and pregnancy
outcome in non — anaemic women; pregnancy unfavorably affected by maternal iron
excess. 15: 1843 — 1848.



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Lieu, P. T., Heiskala, M., Peterson, P. A. and Yang, Y. (2001). The role of iron in health
and diseases. Molecular Aspect of Medicine, 2: 1 - 8.

Looker, A. C., Dallman, P.R., Carroll, M.O., Gunter, E. W. and Johnson, C. L. (2013).
Prevention of iron deficiency in the united states. Journal of American Nutrition, 277:
973 - 976.

Marieb, E. N. and Hoehn, K. (2013). Effect of pregnancy on the mother. In: human
anatomy and physiology. 9™ edition. Pearson Education: New York, 28: 1082 — 1083.

Mckiet, A. T., Barrow, D., Latunde-Dada, G. O., Roffs, A., Mudaly, M., Richardson, C.,
Barlow, D. and Romford, A. (2001). An iron regulated ferric reductase associated with
the absorption of dietary iron. Science. 291: 1755 — 1759.

Mclean, E., Egll, L., Cogswell, M., Wojdyla, O. and De Benoist, B. (2009). Worldwide
prevalence of anaemia, WHO Vitamin and Mineral Nutrition Information System. Public
Health Journal of Nutrition,12(4): 444 — 454,

Mcmahon, L.P. (2013). Iron deficiency.in pregnancy. Obstetrics Medicine. 3 (1): 17 — 24.

Miller, J. L. (2013). Iron deficiency anaemia: a common and curable disease. Cold Spring
Harbour Perspectives in Medicine. 3 (7): 223 — 256.

Milman, N. (2006). Iron supplementation during pregnancy, Effect on iron status
markers, serumerythropoietin and human placental lactogen. A placebo controlled study
in 207Danish women. Danish Medical Bulletin, 38: 471- 476.

Moos, J. L. (2000). Brain iron homeostasis. Danish Medical Bulletin. 49 (4): 279 — 301.

Murray — Kolbe, L. E. and Beard, J. (2010). Iron. In Coates, P. M., Bets, J. M. and
Blackman; M. R (2" edition). Encyclopedia of Dietary Supplements London and New
York: inform health care. 10: 432 — 438.

National institute of health (2015). Iron: dietary supplement fact sheet, national institute
of health: office of dietary supplements. Retrieved from
https:/lods.od.nih.gov/factsheets/iron-healthprofessiona at 18:20

Nelson, D. L. and Cox, M. M. (2000). Lehninger Principles of Biochemistry, 3" edition.
New York: Worth Publisher. Pp 217. ISBN 1572599316.

Nik, R. N., Mohed, N.S. and Ismail, I. M. (2012). The rate and risk factors for anaemia
among pregnant mothers in JertenTerenggance Malaysia. Journal of Community
Medicine and Health Education, 2(150):2167 — 2711.



80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Ochei, J. and Kolhatkar, A. (2008). Medical Laboratory Science Theory and Practice.
McGraw
Hill, New York. Pp. 663-665.

Ohgami, R. S., Campagna, D. R., Greer, E. L., Antiochos, B., Mcdonald, A., Chen, J.,
Sharp, J. J., Fujwara, Y., Barker, J. E. and Fleming, M. N. (2005). Identification of a
ferric reductase required for efficient trans ferritin — dependent iron uptake in erythroid
cells. Nature Genetics. 37: 1264 — 12609.

Okafor, I. M., Asemota, E.A. and Usanga, E. A. (2013). Prevalence of . iron deficiency
anaemia among pregnant women in Calabar, Cross River State, Nigeria. Journal of
Pharmacy and Biological Sciences, 7: 60 — 64.

Omigbodum, A. O. (2004). Recent trends in the management of anaemia in pregnancy.
Tropical Journal of Obstetrics and Gynecology, 21 (1): 1 - 3.

Orino, K., lehman, L., Tsuji, Y., Ayaki, H., Torti, S. V. and Torti, F. M. (2001). Ferritin
and the response to oxidative stress. The Biochemical Journal of Nutrition, 357 (1): 241 -
247.

Owolabi, M. O. and Olalorum, D. A. (2014). Socio = demographic factor of anaemia in
pregnancy in south western Nigeria..South African family practice. 54: 222 — 227.

Park, C. H., Valore, E. V., Waring, /A. J. and Ganz, T. (2001). Hepcidin a urinary
antimicrobial peptide synthesized in-the liver: Journal of Biological Chemistry, 276 (11):
7806 — 7810.

Pasricha, S. R., Flecknoe-Brown, S.C:; Allen K. J., Gibson, P. R., McMahon, L. P.,
Olynyk, J. K., Roger, S. D., Savoia, H. F., Tampi, R. and Thomson, A.R. (2010).
Diagnosis and .management of iron deficiency anaemia: a clinical update. Medical
Journal,193: 525 -532

Perez, E. M., Hendrick, M. K., Beard, J. L., Murrary — Kolb, L. E., Berg, A., Tomlinson,
M., lrlam,.J., Isaacs, W., Njengele, T and Sive, A. (2005). Mother — infant interactions
and infant development are altered by maternal iron deficiency anaemia. Journal of
Nutrition, 135: 850 — 855.

Perry, G.S., Yip, R. and Zyrkowski, C. (1995). Nutritional risk factor among low-income
pregnant US women: The Centre for Disease Control and Prevention (CDC) pregnancy
nutrition surveillance system. 19: 211 — 221.

Phillip, R. and Pasvol, G. (1992). Anaemia of plasmodium falciparum malaria. Baillieres
Clinical Haematology. 5: 315 — 330.

Picciano, M. F. (2003). Pregnancy and lactation: physiological adjustments,
nutritionalrequirement and the role of dietary supplements. Journal of Nutrition,
133(6):1997 — 2002.



93. Price, R. N., Simpson, J. A., Nosten, F., Luxemburger, C., Hkirjaroen, L. and Terkuile, F.
(2001). Factors contributing to anaemia after uncomplicated falciparum malaria.
American Journal Tropical Medical Hygienic, 65: 614 — 622.

94. Rodger, M., Sheppard, D., Gandara, E. and Tinmouth, A. (2015). Haematological
problems
95. in obstetrics. Best Research Clinical Obstetrics and Gynaecology. 29 (5): 671 — 684.

96. Ronsmans, C. and Graham, W. J. (2006). Maternal mortality: who, when, where, and
why. Lancet, 368: 1189-1200.

97. Sachan, B., Idris, M. and Singh, A. (2013). Effect of socio — demographic characteristic
on the prevalence of anaemia among school going adolescent girls in Lucknow district,
India.South East Asia Journal of Public Health, 2 (1): 8 — 12.

98. Saha, D. and Reddy, K. V. (2014). Haemoglobin expression in-non-erythroid cells: novel
orUbiquitous. International Journal of Inflammation, 15 (8): 1 — 8.

99. Sandstorm, B. (2001). Micronutrient interactions. Effect on absorption and
bioavailability. British Journal of Nutrition,85(2): 181 — 185.

100. Sanku, D., Sankar, G. and Madhuchhand; G. (2010). Prevalence of anaemia in
women ofreproductive age in Meghalaya: a logistic regression analysis. Turkish Journal
of Medical Science, 40 (5): 783 - 789.

101. Scholl, T. O. and Reilly, T..(2000). Anaemia, iron and pregnancy outcome,
JournalofNutrition,230: 332-443.

102. Scholl; T. 0. (2005). Iron status during pregnancy: setting the stage for mother
and infant.

103. American Journal of Clinical Nutrition, 81: 1218-1222.

104. Schrier, S. L. (2016). Treatment of iron deficiency anaemia in

adult.http:/iwwwv.uptodate.com/home. Retrieved October 16, 18:20

105. Sharma, J. B. (2003). Nutritional anaemia during pregnancy in non -—
industrialized countries. Progress in Obstetrics and Gynaecology. Pp 103 — 122.

106. Sharp, P. and Sari, S. K. (2007). Molecular mechanism involve in intestinal iron
adsorption.World Journal of Gastroenterology, 13: 4716 — 4724.

107. Short, M. W. and Domagalski, J. E. (2013). Iron deficiency anaemia: evaluation
and management. Journal of American Physician, 87 (2): 98 — 104.



108. Sloan, N. L., Jordan, E. and Winikoff, B. (2012). Effect of iron supplementation
on maternal haematological status in pregnancy. American Journal of Public Health, 92:
288 — 293.

1009. Smith, R. E. (2010). The clinical and economic burden of anaemia. The American
Journal of Managed Care, 66 (16): 59 — 66.

110. Tapiero, H., Gate, L. and Tew, K. D. (2001). Iron deficiency and requirements.
Biomedical Pharmacotherapy, 55: 324 — 332.

111. Theil, E. C., Chen, H., Miranda, C., Janser, H., Elsenhans, B., Nunez, M. T.,
Pizarro, F andSchumann, K. (2012). Absorption of iron from ferritin-is_independent of
haem iron andferrous salts in woman and rats. Intestinal Segments. 142: 478 — 483.

112. Theil, E. C. (2013). Ferritin: the protein nanocage and iron bio mineral in health
and in diseases.

113. Inorganic Chemistry. 52: 12223 — 1233.

114. Tilton, W. M., Seaman, C., Carriero, D. and Piomelli; S. (2012). Regulation of

glycolysis in the erythrocyte: role of lactate/pyruvate and NAD/NADH ratios. The
Journal of Laboratoryand Clinical Medicine: 118(2): 146 — 152.

115. Torti, F. M. and Torti, S."V. (2002). Regulation of ferritin genes and protein.
Blood. American

116. Journal of Medicine, 99 (10): 3505 — 3516.

117. Urban, B. C. and Raberts, D..J. (2002). Malaria, monocytes, macrophages and

myeloid dendritic cells: sticking of infected erythrocytes switches off host cells. Current
Opinion in Immunology. 14: 458 - 555.

118. Vasudevan,D.M., Sreekumari, S. and Kanna, V. (2011). Biochemistry for
medical students.

119. 6™ edition. Jaypee Brothers’ Medical Publishers. Pp 422 — 630.

120. \Voet, D: (2008). Foundamental of Biochemistry. 3" edition. John wiley and sons.

ISBN 0470129301.

121, Waitumbi, J. N., Opollo, M. O., Muga, R. O., Misore, A. O. and Stoute, J. A.
(2000). Red cellsurface changes and erythrophagocytosis in children with severe
plasmodium falciparumanaemia. Blood. 95: 1481 — 1488.

122. Wang, W., Knovich, M. A. Coffman, L.G. and Torti, S. V. (2010). Serum ferritin:
past, presentfuture. Biochemical Biophysical Acta. 1800 (8): 760 — 7609.



123. Wessling — Resnick, O. (2014). Iron. In: Ross, A. C., Caballen, B., Cousins, R. J.,
Tacker, W., Tucker, K. L., Ziegler, R. G., Baltimore, N. D., Lippincoit Williams, and
Wilkins.(11" edition). Modern Nutrition in Health and Disease. 1 (5) 176 — 188.

124, WHO (2015). Haemoglobin concentration for the diagnosis of anaemia and
assessment severity.Vitamin and mineral nutrition information system: Geneva, World
Health Organization. http//www.who.int/vmins/indicators/haemoglobin.pdf.

125. WHO (2011). Serum ferritin concentration for the assessment of iron status and
iron deficiency in populations. Vitamin and Mineral Nutrition Information System:
Geneva, World Health

Organization.http//www.who.int/vmins/indicators/haemoglobin.pdf.

126. Wilkinson, N. and Pantopoulos, K. (2014). The IRP/IRE system in Vivo: insights
from mousemodels. Front Pharmacology. 5: 176 — 180.

127. Yip, R. (2001). Iron. In: Bowman, B. and‘Russell, R..M. (8" edition). Present
knowledge in nutrition. 5 (2): 311 — 318.



