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Abstract

Background: The aim of this study was to evaluate the ID and iron storage markers in pregnant women suffering from
anemia during various trimesters attending Omdurman Maternity Hospital in Sudan.

Methods and Results: This cross-sectional study included 205 pregnant women aged 15 to 45 in various trimesters who
attended Omdurman Maternity Hospital (Sudan) between May 2022 and January 2023. All pregnant women were divided into two
groups: the case group included 159 pregnant women with anemia, and the control group included 46 apparently healthy pregnant
women. The blood test parameters were measured using a Sysmex XT-1800i Automated Hematology Analyzer (Japan). The levels
of serum iron (SI) and total iron-binding capacity (TIBC) were measured using a Vitrous-350 Chemistry Analyzer (USA). The
serum ferritin (SF) levels were measured by electrochemiluminescence immunoassay on the Cobas e411 analyzer (Roche).

Among anemic pregnant women, 33(20.8%) were in the first trimester of pregnancy, 68(42.8%) in the second trimester, and
58(36.5%) in the third. In the case group, more than six deliveries were found in 50.3% of cases, compared to 23.9% in the control
group (P=0.0015). The blood levels of Hb and SF were significantly lower in all trimesters in the case group than in the control
group. The SI level showed a significantly low level only in the third trimester in the case group, compared to the control group
(P<0.05). In the case group, TIBC levels increased from trimester to trimester, reaching maximum values in the third trimester,
indicating a low iron level in the blood. In the case group, in the first trimester, the levels of Hb and ferritin did not differ between
the age groups of 15-25 years and >26 years. However, in the second trimester, the SF level was statistically lower in the age group
of >26 years than in the age group of 15-25 years (45.8345.0 vs. 49.02+3.71 ng/mL, P=0.0038), but in the third trimester, there
was the opposite (37.50+4.9 vs. 26.9+4.5 ng/mL, P=0.000), which indicated a presence of IDA in the age subgroup of 15-25 years.

Conclusion: Pregnant women are at high risk of developing or worsening ID. Every pregnant Sudanese woman should be
screened for IDA. (International Journal of Biomedicine. 2023;13(2):296-300.)
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Introduction

Iron deficiency (ID) is the most common micronutrient
deficiency in children and pregnant women worldwide.®V ID
can be caused by several factors. These causes are classified
as follows: increased demand for iron that the diet cannot
meet, increased iron loss (usually through blood loss), and
nutritional deficiency. During pregnancy, physiologic iron
demands increase substantially, and about 1g of iron must be
acquired to preserve the maternal iron balance and support
fetoplacental development.®

In pregnancy, there is a physiological expansion of
plasma volume beginning in the first trimester and plateauing
by the third,® which exceeds the increased production of RBCs
and hemoglobin. The resulting hemodilution contributes to
the fall in Hb during pregnancy. Anemia in pregnancy can be
caused by numerous other factors, including vitamin B12 and
folate deficiency, the presence of thalassemia, inflammatory
disorders, and, most commonly, ID. As the pregnancy
advances, maternal RBC mass increases and placental and
fetal growth accelerates, which result in the rise in physiologic
iron requirements to 3.0-7.5mg/d in the third trimester.®”

The World Health Organization (WHO) defines anemia
of pregnancy as Hb<11g/dL, or hematocrit <33%, at any time
during the pregnancy.® The Centers for Disease Control and
Prevention (CDC) define anemia of pregnancy as Hb<11g/dL,
or hematocrit <33% during the first and third trimesters, and
<10.5g/dL or a hematocrit <32% in the second trimester.® The
WHO defines severe anemia in all persons as a Hb of <7 g/dL
and very severe anemia as a Hb of <4 g/dL.?"

The reticuloendothelial system stores and recycles iron
in the body by hemolyzing aged RBCs. Different from iron
absorption and recycling, iron excretion lacks a physiologic
regulatory system. Iron is stored in the bone marrow, liver, and
spleen as ferritin. The ferritin stores in the liver are the body’s
primary physiologic origin of stockpile iron.

Serum ferritin (SF) concentration is a marker of
reticuloendothelial iron stores, and SF concentration below
the normal range is the most specific biochemical indicator
of ID.® Thresholds of SF concentration for identifying ID in
pregnancy range from 10pg/L to 30ug/L.® The systematic
review findings by Daru et al.'” show that the most frequently
used thresholds for defining ID in pregnancy (<12 and
<15pg/L) are based on international guidelines informed by
consensus meetings undertaken more than 15 years ago,?
not on published evidence. According to UK guidelines on the
management of IF in pregnancy, an SF level of <30pg/L in
pregnancy is indicative of ID."Y Low maternal serum ferritin
concentrations are associated with ID in neonates.('>!?

The aim of this study was to evaluate the ID and iron
storage markers in pregnant women suffering from anemia
during various trimesters attending Omdurman Maternity
Hospital in Sudan.

Materials and Methods

This cross-sectional study included 205 pregnant women
aged 15 to 45 in various trimesters who attended Omdurman

Maternity Hospital (Sudan) between May 2022 and January
2023. All pregnant women were divided into two groups: the
case group included 159 pregnant women with anemia, and
the control group included 46 apparently healthy pregnant
women.

Blood sample collection and IDA diagnosis

About 6mL venous blood was drawn from each pregnant
woman: 2mL were placed in an EDTA container to measure
CBC using a Sysmex XT-1800i Automated Hematology
Analyzer (Japan), and 4 mL were placed in gel tube to measure
SI, TIBC using a Vitrous-350 Chemistry Analyzer (USA).
SF levels were measured by electrochemiluminescence
immunoassay on the Cobas e411 analyzer (Roche).

The normal SI level for women is 60 mcg/dL to 140
mcg/dL, and normal TIBC is 250 mcg/dL to 450 mcg/dL. A
TIBC value >450 mcg/dL usually means a low blood iron
level.(')

Statistical analysis was performed using statistical
software package SPSS version 21.0 (SPSS Inc, Armonk, NY:
IBM Corp). For descriptive analysis, results are presented as
mean (M) + standard deviation (SD). Inter-group comparisons
were performed using Student’s t-test. Categorical variables
were analyzed using the chisquare test with the Yates’
correction. A probability value of P<0.05 was considered
statistically significant.

Results

Among anemic pregnant women, 33(20.8%) were
in the first trimester of pregnancy, 68(42.8%) in the second
trimester, and 58(36.5%) in the third. In the case group, more
than six deliveries were found in 50.3% of cases, compared to
23.9% in the control group (P=0.0015). Four to six deliveries
were found in 39.6% and 69.6% of subjects in the case and
control groups, respectively (P=0.0003). In the case group, the
interval of <2 years between pregnancies was found in 29.6%
of cases versus 4.3% of cases in the control group (P=0.0004)
(Table 1).

Table 1

The general characteristics of the study groups.

Number of deliveries Caﬁi lgggur) Cont:lozl 4 6gr0up
1-3 times 16 (10.1%) 3 (6.5%)
4-6 times 63 (39.6%) 32 (69.6%)
> 6 times 80 (50.3%) 11 (23.9%)
Interval between pregnancies
> 2 years 112(70.4%) 44 (95.7%)
<2 years 47(29.6%) 2 (4.3%)

The blood levels of Hb and SF were significantly lower in
all trimesters in the case group than in the control group. The SI
level showed a significantly low level only in the third trimester
in the case group, compared to the control group (P<0.05). In the
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case group, TIBC levels increased from trimester to trimester,
reaching maximum values in the third trimester, indicating a
low iron level in the blood (Table 2).

Table 2.

The levels of Hb, SF, TIBC, and SI in different pregnancy stages.
Pres%:llggcy Parameter | Case group |Control group | P-value
Hb, g/dL 10.6+0.8 12.4+0.3 0.000

First SF, ng/mL 45.5+6.1 55.2423.4 0.04
trimester | T1BC, mcg/dL[443.74108.7| 331.5429.9 | 0.000
SI, g/ dL | 46.5+33.4 50.0+9.1 0.652

Hb, g/dl 10.4+£1.0 12.6+£0.4 0.000

Second SF, ng/mL | 55.2433.6 | 64.9+34.1 | 0.008
trimester | TIBC, meg/dL|488.6+105.1| 423.2+86.6 | 0.026
SL pg/dL | 72.5+45.1 | 59.8+22.7 | 0.179

Hb, g/dl 10.3+0.9 12.7+0.7 0.000

Third SF, ng/mL | 58.3+34.5 | 80.2453.2 | 0.001

trimester | T1BC, meg/dL|522.74141.1| 485.0470.9 | 0.09
SI, ug/dL | 42.9+£27.8 | 74.6+3.01 | 0.000

We did not find significant differences in the size of the
age subgroups (15-25 years and >26 years) between the case
and control groups in each trimester (Table 3). In the case
group, in the first trimester, the levels of Hb and ferritin did not
differ between the age groups of 15-25 years and >26 years.
However, in the second trimester, the SF level was statistically
lower in the age group of >26 years than in the age group
of 15-25 years (45.83+5.0 vs. 49.02+3.71 ng/mL, P=0.0038),
but in the third trimester, there was the opposite (37.50+4.9
vs. 26.9+4.5 ng/mL, P<0.0001), which indicated a presence of
IDA in the age subgroup of 15-25 years (Table 4).

Table 3.
The size of the age subgroups in different pregnancy stages.
Age Case group |Control group
Pregnancy stage subgroup n (%) n (%) P-value
First 15-25 yrs.| 18 (54.5) 3 (60)
trimester 0.956*
>26 yrs. | 15(45.4) 2 (40)
Second 15-25 yrs.| 35 (51.5) 3(23.1)
trimester 0.060
>26 yrs. | 33 (48.5) 10 (76.9)
Third 15-25 yrs.| 26 (44.8) 7 (25.0)
trimester 0.076
>26 yrs. | 32(55.2) | 21(75.0)

*Yates’ P-value

Table 4.
The levels of Hb and SF in anemic women of different age

subgroups in different pregnancy stages.

Pregnancy Parameter Age group mean £ SD | P-value
stage (years)
15-25 n=18) | 10.5+0.7
Hb, g/dL 0.2417
First >26 (n=15) 10.9+1.2
trimester 15-25 (n=18) | 50.1+3.88
SF, ng/mL 0.9302
>26 (n=15) | 50.0+3.33
15-25 n=35) | 10.4+1.0
Hb, g/dL 0.7224
Second >26 (n=33) 10.3+1.3
trimester 15-25 (n=35) [49.02 +3.71
SF, ng/mL 0.0038
>26 (n=33) | 45.83+5.0
15-25 (n-26) | 10.2+0.9
Hb, g/dL 0.6561
Third >26 (n=32) | 10.3+0.8
trimester 1525 (0-26) | 26.9+4.5
SF, ng/mL <0.0001
>26 (n=32) | 37.50+4.9
Discussion

IDA is still a pervasive public health issue in most
developing countries. Pregnant women require iron to
compensate for basic losses that cannot be compensated by
food alone. The important variable of IDA is the number of
pregnancies (gravidity). The present study showed that the
risk of developing anemia during pregnancy is significantly
associated with more than six deliveries in the patient’s
history. This conclusion is consistent with data from studies
conducted in Saudi Arabia and India, which revealed that
many pregnancies and deliveries are linked to a higher
likelihood of developing IDA.! This could be attributable to
iron and other nutrient loss during multiple pregnancies and
resource sharing with the fetus. Nevertheless, other studies
in Ethiopia and Nepal revealed no link between pregnancy
and anemia.'®

Shorter time intervals between deliveries are another
cause of anemia. Our results for the association of anemia of
pregnancy with the interval of <2 years between pregnancies
are consistent with previous reports.!”'” This is likely because
mothers may not yet replenish essential nutrients, especially
iron and folic acid, which were depleted by the previous
pregnancy. A study by Mremi et al.?” showed that post-partum
women with less than two-year intervals between the last two
pregnancies were about 18 times more likely to have anemia
than women with more than two-year intervals (COR=18;
95% CI 8.617-38.617).

The prevalence of anemia in pregnancy is quite high. In
a study by Kumar et al.,®" among 1000 mothers admitted for
delivery, more than 50% were anemic at some point of time
during their pregnancy, and 39% were anemic throughout.
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Physiological changes occur in the second trimester,
increasing plasma volume alongside a smaller increase in
red cell mass, resulting in hemodilution — recognized as
“physiological anemia.” In our study, perhaps due to the small
size of the control group, we did not observe such dynamics,
and in the case group, the Hb level in all semesters was
<l1g/dL. The incidence of anemia was highest in the second
trimester (42.8%) than in the third (36.5%) and first trimesters
(20.8%) due to the mother’s blood volume expanding and the
fetus growing and developing.

Hemoglobin concentration alone lacks sufficient
sensitivity and specificity to diagnose ID in pregnancy. Iron-
specific biomarkers, such as SF and TIBC, can be utilized to
distinguish IDA from other causes of anemia. In our study,
the values of SI and TIBC were found to show significant
variations between the various trimesters of pregnancy. TIBC
levels significantly increased during pregnancy among our
subjects, indicating a low iron level in the blood in the third
trimester.

The best parameter of maternal iron status currently
available is SF concentration. An SF<30 ng/mL is diagnostic
for absolute ID, independently of any other parameter.
@2 Clinically, the finding of low SF concentration is highly
diagnostic for ID. Because ferritin is an acute phase reactant,
a normal SF concentration may mask an iron-deficient state
if inflammation is present. Measuring C-reactive protein is
important if you have to interpret the SF level in conditions of
possible inflammation.®

Our study found absolute ID in 16.4% of cases among
pregnant women with anemia, indicating IDA in the age group
of 15-25 years in the third trimester of pregnancy. Many factors
may contribute to an increased risk of anemia in people aged
15 to 25, such as rapid growth, blood loss during their monthly
periods, and a low-iron diet. Young reproductive-age women
differ in many ways from older reproductive-age women,
including nutritional requirements, duration of menses, and
contraceptive use.??

Iron utilization is increased during pregnancy, as iron
is required for fetal growth and development,® as well as
for increased maternal erythropoiesis.*!" Until now, the
recommended dose of elemental iron for the treatment of ID
hasbeen 100-200mg daily.?%?”) In most studies, supplementing
anemic women with iron during pregnancy reduces the rate of
iron deficiency anemia and nonanemic ID at term. In some
studies, it reduces the risk of adverse outcomes, suggesting
that supplementation in this population is beneficial.?**
At the same time, the World Health Organization currently
recommends universal daily supplementation with 30 to
60mg elemental iron during pregnancy in regions where the
prevalence of anemia is 20% or higher; this recommendation
also notes the need to take into account a stipulation in
malaria-endemic areas where supplementation should be
given in conjunction with “adequate measures to prevent,
diagnose and treat malaria,”®® which is especially important
for Sudan. According to WHO’s latest World Malaria report,
Sudan carried the heaviest burden of malaria in the Eastern
Mediterranean Region in 2020, accounting for more than half
of all cases (56%) and deaths (61%).¢"

In conclusion, pregnant women are at high risk of
developing or worsening ID. Every pregnant woman should
be screened for IDA. Moreover, the American College of
Gynecology and Obstetrics®® recommends low-dose iron
supplementation in the first trimester for all women, regardless
of their iron status.

Acknowledgments

The present work was supported by the Deanship of
Scientific Research at Prince Sattam bin Abdulaziz University,
Al-Kharj, KSA.

Competing Interests

The authors declare that they have no competing
interests.

References

1. Nagao T, Hirokawa M. Diagnosis and treatment of
macrocytic anemias in adults. J Gen Fam Med. 2017;
18(5):200-204. doi: 10.1002/jgf2.31.

2. Fisher AL, Nemeth E. Iron homeostasis during pregnancy.
Am J Clin Nutr. 2017 Dec;106(Suppl 6):1567S-15748S. doi:
10.3945/ajen. 117.155812.

3. Costantine MM. Physiologic and pharmacokinetic
changes in pregnancy. Front Pharmacol. 2014 Apr 3;5:65. doi:
10.3389/fphar.2014.00065.

4. Bothwell TH. Iron requirements in pregnancy and
strategies to meet them. Am J Clin Nutr. 2000 Jul;72(1
Suppl):257S-264S. doi: 10.1093/ajen/72.1.2578S.

5. World Health Organization. Iron Deficiency Anaemia:
Assessment, Prevention and Control: A Guide for Programme
Managers. Geneva, Switzerland: World Health Organization;
2001.

6. Recommendations to prevent and control iron deficiency in
the United States. Centers for Disease Control and Prevention.
MMWR Recomm Rep. 1998 Apr 3;47(RR-3):1-29.

7. WHO. Haemoglobin concentrations for the diagnosis
of anaemia and assessment of severity. Vitamin and Mineral
Nutrition Information System. Geneva, Switzerland: World
Health Organization; 2011.

8. Friedrisch JR, Friedrisch BK. Prophylactic Iron
Supplementation in Pregnancy: A Controversial Issue.
Biochem Insights. 2017 Oct 27;10:1178626417737738. doi:
10.1177/1178626417737738.

9. Means RT. Iron Deficiency and Iron Deficiency Anemia:
Implications and Impact in Pregnancy, Fetal Development,
and Early Childhood Parameters. Nutrients. 2020 Feb
11;12(2):447. doi: 10.3390/nu12020447.

10. DaruJ, Allotey J, Pefia-Rosas JP, Khan KS. Serum ferritin
thresholds for the diagnosis of iron deficiency in pregnancy:
a systematic review. Transfus Med. 2017 Jun;27(3):167-174.
doi: 10.1111/tme.12408.

*Corresponding author: Dr. Hisham Ali Waggiallah,
Department of Medical Laboratory Sciences, College of Applied
Medical Sciences, Prince Sattam bin Abdulaziz University, Al-Kharyj,
11942, Saudi Arabia. E-mail: hishamwagg30@hotmail.com



300 H. E. Khair et al. / International Journal of Biomedicine 13(2) (2023) 296-300

11. Pavord S, Daru J, Prasannan N, Robinson S, Stanworth S,
Girling J; BSH Committee. UK guidelines on the management
of iron deficiency in pregnancy. Br J Haematol. 2020
Mar;188(6):819-830. doi: 10.1111/bjh.16221.

12. Shao J, Lou J, Rao R, Georgieff MK, Kaciroti N, Felt BT,
Zhao ZY, Lozoff B. Maternal serum ferritin concentration
is positively associated with newborn iron stores in women
with low ferritin status in late pregnancy. J Nutr. 2012
Nowv;142(11):2004-9. doi: 10.3945/jn.112.162362.

13. Congdon EL, Westerlund A, Algarin CR, Peirano PD,
Gregas M, Lozoff B, Nelson CA. Iron deficiency in infancy
is associated with altered neural correlates of recognition
memory at 10 years. J Pediatr. 2012 Jun;160(6):1027-33. doi:
10.1016/j.jpeds.2011.12.011.

14. Asberg A, Thorstensen K, Mikkelsen G, Asberg AE. The
diagnostic accuracy of unbound iron binding capacity (UIBC)
as a test for empty iron stores. Scand J Clin Lab Invest. 2013
Apr;73(3):208-13.

15. SuryanarayanaR,ChandrappaM, Santhuram AN, Prathima
S, Sheela SR. Prospective study on prevalence of anemia of
pregnant women and its outcome: A community based study.
J Family Med Prim Care. 2017 Oct-Dec;6(4):739-743. doi:
10.4103/jfmpc.jfmpe 33 17.

16. Haidar J. Prevalence of anaemia, deficiencies of iron
and folic acid and their determinants in Ethiopian women.
J Health Popul Nutr. 2010 Aug;28(4):359-68. doi: 10.3329/
jhpn.v28i4.6042.

17. Bibi S, Danish N, Fawad A, Jamil M. An audit of primary
post partum hemorrhage. J Ayub Med Coll Abbottabad. 2007
Oct-Dec;19(4):102-6.

18. Harsha Kumar H, Gupta S, Ruhela S, Tanya S. A
retrospective study on magnitude and factors associated with
anemia in postnatal period from coastal South India. Ann Med
Health Sci Res. 2014 Sep;4(5):775-9. doi: 10.4103/2141-
9248.141564. .

19. Makhoul Z, Taren D, Duncan B, Pandey P, Thomson
C, Winzerling J, Muramoto M, Shrestha R. Risk factors
associated with anemia, iron deficiency and iron deficiency
anemia in rural Nepali pregnant women. Southeast Asian J
Trop Med Public Health. 2012 May;43(3):735-46.

20. Mremi A, Rwenyagila D, Mlay J. Prevalence of post-
partum anemia and associated factors among women attending
public primary health care facilities: An institutional based
cross-sectional study. PLoS One. 2022 Feb 3;17(2):e0263501.
doi: 10.1371/journal.pone.0263501.

21. Kumar KJ, Asha N, Murthy DS, Sujatha M, Manjunath
V. Maternal anemia in various trimesters and its effect on
newborn weight and maturity: an observational study. Int J
Prev Med. 2013 Feb;4(2):193-9.

22. Muiioz M, Gomez-Ramirez S, Besser M, Pavia J,
Gomollon F, Liumbruno GM, Bhandari S, Cladellas M,
Shander A, Auerbach M. Current misconceptions in diagnosis
and management of iron deficiency. Blood Transfus. 2017
Sep;15(5):422-437. doi: 10.2450/2017.0113-17.

23. Suchdev PS, Williams AM, Mei Z, Flores-Ayala R,
Pasricha SR, Rogers LM, Namaste SM. Assessment of
iron status in settings of inflammation: challenges and
potential approaches. Am J Clin Nutr. 2017 Dec;106(Suppl
6):1626S-1633S. doi: 10.3945/ajen.117.155937.

24. Sekhar DL, Murray-Kolb LE, Kunselman AR, Weisman
CS, Paul IM. Differences in Risk Factors for Anemia Between
Adolescent and Adult Women. J] Womens Health (Larchmt).
2016 May;25(5):505-13. doi: 10.1089/jwh.2015.5449.

25. Scholl TO. Iron status during pregnancy: setting the stage
for mother and infant. Am J Clin Nutr. 2005 May;81(5):1218S-
12228. doi: 10.1093/ajcn/81.5.1218.

26. Joint Formulary Committee. (2017) BNF 74: September
2017. Pharmaceutical Press, London.

27. Pavord S, Myers B, Robinson S, Allard S, Strong
J, Oppenheimer C; British Committee for Standards in
Haematology. UK guidelines on the management of iron
deficiency in pregnancy. Br ] Haematol. 2012 Mar; 156(5):588-
600. doi: 10.1111/j.1365-2141.2011.09012.x.

28. Pefia-Rosas JP, De-Regil LM, Dowswell T, Viteri FE.
Daily oral iron supplementation during pregnancy. Cochrane
Database Syst Rev. 2012 Dec 12;12:CD004736. doi:
10.1002/14651858.CD004736.pub4. Update in: Cochrane
Database Syst Rev. 2015;7:CD004736.

29. Pefia-Rosas JP, De-Regil LM, Garcia-Casal MN,
Dowswell T. Daily oral iron supplementation during pregnancy.
Cochrane Database Syst Rev. 2015 Jul 22;2015(7):CD004736.
doi: 10.1002/14651858.CD004736.pubs5.

30. World Health Organization. 2019. Iron with or without
folic acid supplementation in women in malaria-endemic areas:
full set of recommendations. Available at: http://www.who.
int/elena/titles/full recommendations/ifa_supplementation
malaria/en/

31. World Health Organization. WHO congratulates Sudan
on adopting the “High burden to high impact” approach.
Auvailable at: https://www.who.int/news/item/25-04-2022-who-
congratulates-sudan-on-adopting-the-high-burden-to-high-
impact-approach#:~:text=According%20t0%20WHO’s%20
latest%20World,in%20its%20malaria%?20case%20incidence.
32. American College of Obstetricians and Gynecologists’
Committee on Practice Bulletins—Obstetrics. Anemia in
Pregnancy: ACOG Practice Bulletin, Number 233. Obstet
Gynecol. 2021 Aug 1;138(2):e55-¢64. doi: 10.1097/
AOG.0000000000004477.




