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Abstract

Iron requirements increase significantly during pregnancy to support fetal and placental
growth, boost the mother's blood volume, and compensate for delivery-related losses.
A major public health concern, iron deficiency anemia (IDA) affects more than 20%
of pregnant women in more than 80% of countries. Both the mother's and the fetus's
health may suffer as a result, leading to fatigue and reduced productivity. Early
laboratory screening, starting in the first trimester, is recommended to assess iron
status. In this case-control study, serum ferritin and CBC data are collected from
pregnant women with iron deficiency and healthy controls. Since many poor countries
may not be able to provide an appropriate diet, early iron supplementation is essential.
Education, prenuptial counseling, and prenatal care should raise public knowledge in
order to promote a balanced diet and timely supplementation.

Keywords: Pregnancy, Iron deficiency (ID), Anemia(A), risk factors, pregnancy
outcome.

Introduction

One major medical issue that affects pregnant women is anemia. Iron deficiency (ID), aplastic anemia,
globulin production abnormality, folic acid shortage, vitamin B12 deficiency, and other conditions are
the primary causes of anemia during pregnancy. ID is the most prevalent of them and can result in a
number of unfavorable pregnancy outcomes. Iron deficiency anemia (IDA) and ID are both prevalent
clinical conditions in expectant mothers. Pregnancy-related ID and IDA incidences can reach 80% and
20.4%, respectively, according to a study (1).

Pregnant women and fetuses who suffer from anemia may experience stress reactions, the body may
produce more corticotropin-releasing hormone, T and B cells may secrete, and neutrophil and
macrophage activity may be inhibited. Pregnancy-related complications including preterm membrane
rupture and premature birth might result from anemia's reduction of the pregnant woman's resistance to
exogenous microorganisms (2).

Therefore, knowing what causes ID and IDA in pregnant women and taking aggressive action to address
it can improve the prognosis and outcome of the pregnancy. Due to differences in nutrition, wealth, and
lifestyle, prior research has demonstrated that pregnant women from different locations had differing
incidences of ID and IDA (3).
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One of the most frequent pregnancy problems is anemia. Iron deficiency (ID) is the most common cause
and is closely linked to unfavorable pregnancy outcomes among its causes, which also include folate
and vitamin B12 deficiencies. According to studies, 20—25% of pregnant women have iron deficiency
anemia (IDA), and up to 80% may experience ID. These illnesses raise the risk of infections, premature
birth, and low birth weight for both the mother and the fetus. (4).

Pregnant women with moderate or severe anemia were the focus of this study because they are more
likely to experience adverse pregnancy outcomes and will frequently require additional screening and
treatment (5).

Because of the physiological demands placed on the developing fetus, which need a substantial transfer
of iron from maternal storage to promote fetal growth and erythropoiesis, ferritin levels have been
shown to decrease throughout pregnancy. Serum ferritin, a measure of maternal iron stores, is therefore
frequently exhausted, especially during pregnancy (6).

Pregnant women have a simultaneous drop in hemoglobin levels for a variety of reasons. First,
pregnancy's physiological increase in plasma volume causes hemodilution, which naturally reduces the
blood's hemoglobin concentration. Second, a real decrease in total hemoglobin mass over time may
result from the elevated iron needs of pregnancy combined with possibly insufficient iron intake or
absorption, particularly if iron storage (as indicated by ferritin) are inadequate (7).

Consequently, our results highlight how crucial it is to track iron status during pregnancy using ferritin
and hemoglobin measures. Optimizing maternal and fetal outcomes requires early detection and proper
treatment of iron insufficiency (8).

While younger women might still be adjusting to dietary and physiological changes, older women might
have had more time to improve their iron reserves through diet and supplements. This is not a hard-and-
fast rule, though, because the body's iron levels are also influenced by other important factors like
nutrition, genetics, and medical history (9).

Pregnancy itself seems to be a more significant role in lowering iron levels, even if there are age
disparities between pregnant and non-pregnant women in this study. Pregnancy increases the need for
iron, which lowers ferritin levels in younger women who may already have higher needs. This
emphasizes how crucial it is to take iron supplements and have regular checkups in order to avoid
difficulties, particularly in younger pregnant women.associated with iron insufficiency (10).

Because of the 20—30% increase in blood volume during pregnancy, more iron is needed to sustain the
formation of hemoglobin in red blood cells. Iron-deficiency anemia, which is characterized by
decreased hemoglobin levels and decreased oxygen delivery to tissues, can result from inadequate iron
consumption. Low birth weight and premature birth are associated with this disease (11).

WBC levels naturally rise during pregnancy as the body adjusts to support the immune system. Iron
deficiency, on the other hand, can affect immune function, thereby changing WBC numbers and making
a person more vulnerable to infections (12).

Impaired Iron Absorption: The presence of enhancers and inhibitors of absorption has a major impact
on the bioavailability of dietary iron. Non-heme iron absorption can be significantly decreased by co-
ingesting foods such phytates (found in legumes and whole grains), tannins (found in tea and coffee),
calcium (found in dairy products and supplements), and specific plant-based proteins (13).
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2. Method

2.1 Case control study

In this case-control study, 59 seemingly healthy controls between the ages of 15 and 44 were enrolled,
along with 129 pregnant women who had been diagnosed with iron insufficiency. Serum ferritin levels
and the complete blood count (CBC) were assessed. To extract the serum, about 3 mL of venous blood
was drawn into gel tubes, let to clot at room temperature, and then centrifuged for 5 minutes. Using an
automated analyzer, ferritin and CBC values were examined in accordance with accepted laboratory
practices.

2.2 Subject

2.2.1 Patient

129 pregnant women with iron insufficiency who were receiving gynecological care participated in
the study.

2.2.2 The inclusion criteria include:

1.0ne of the requirements for inclusion is that the patient be between the ages of 15 and 45.
2. A patient whose hemoglobin test result was below normal.

3. A patient whose ferritin test result was below normal.

2.2.3 The exclusion criteria
1-liver disease.

2. Kidney illness.

3. Cancer.

4. Pregnancy by ectopic means.

5. A patient who is older than fifty.

2.2.4 Control
[59] healthy individuals were chosen from the general community, those who visited the hospital for a
check-up, and family members to form the control group.

2.2.5 The inclusion criteria include:

1. People in the 15—45 age range.

2. The hemoglobin test yields a normal result.
3. The results of the ferritin test are normal.

2.2.6 Spacemen collection

Each patient had nearly 3 milliliters of vonous blood extracted in order to evaluate ferritin and CBC
levels.

Place this blood in a gel tube, let it sit at room temperature until the blood clots to remove the fibrin,
then centrifuge it for five minutes to extract the serum. Press the start button, then wait an hour to see
the findings.

RESULTS
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Table (3-1): The distribution of parameters' demographics (Mean = SD) between the control and

pregnant groups.

Pregnant-women Non-pregnant women
Study variable groups (Control groups) P-values
(pregnancy groups) (Mean £ SD)
(Mean + SD)
N 129 59 -
(Female)
Age (year) 25.50 +5.74 2843 +5.83 0.003**
Ferritin (ng/ml) 16.13 +18.35 26.21 +40.46 0.022*
Hb (g/dl) 10.62 + 1.81 10.07 + 1.62 0.023*
RBC 423+ 0.83 3.51+ 0.24 0.000**
(millions/mm?)
WBC 9.60 + 2.58 543+ 0.65 0.000**

* #*HS: very significant difference (P < 0.01), N: number of samples, SD: standard deviation, and
significant difference (P < 0.05).
Years of age | 25.50 = 5.74 | 28.43 = 5.83 | 0.003** Why: Pregnant women's average age was 25.50
years, whereas the non-pregnant group's was 28.43. There may be age differences between the two
groups, as indicated by the statistically significant difference (P < 0.01).
Ferritin (ng/ml) | 16.13 £ 18.35 | 26.21 + 40.46 | 0.022* An explanation: Ferritin levels were
substantially lower in pregnant women (16.13 ng/ml) than in non-pregnant women (26.21 ng/ml). Iron
storage is decreased during pregnancy, as seen by this statistically significant difference (P < 0.05).
Hb (g/dl) | 10.62 + 1.81 | 10.07 + 1.62 | 0.023* Justification: Pregnant women's hemoglobin levels
(10.62 g/dl) were marginally higher than those of non-pregnant women (20.07). This difference is
statistically significant (P < 0.05), even if both results show mild anemia.
Millions/mm? of red blood cells (RBC) | 4.23 £ 0.83 | 3.51 £ 0.24 | 0.000**
Justification: Pregnant women had a significantly greater RBC count than non-pregnant women. A
highly significant difference is shown by the extremely low p-value (P < 0.01), which could be the

result of physiological changes that occur during pregnancy.
[WBC]|9.60 +£2.58|5.43 +0.65 | 0.000***

Reason: Compared to the control group, pregnant women's WBC levels were significantly higher.
With a substantial difference (*P < 0.001), the difference most likely reflects the immunological
adaption that takes place during pregnancy.
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Fig. 1. The figure for Table 1
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Fig. 2. The figure for Table 2
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Fig. 4. The figure for Table 4
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Table (3-2): The parameters in pregnant groups' linear r (Pearson) association with age.

Correlations
Age |l serum ferritin | Hb
control control control
Age_ control Pearson 1 -0.026 || 0.036
groups Correlation
(Non_pregnant [ gjo (2- 0.842| 0.784
women) tailed)
N 59 59 59
serum_ferritin | Pearson -0.026 1] .492*
control groups || Correlation
(Non_pregnant [ i (2- 0.842 0.000
women) tailed)
N 59 59 59
Hb_ control Pearson 0.036 492" 1
groups Correlation
(Non_pregnant [ gjo (2- 0.784 0.000
women) tailed)
N 59 59 59
**, Correlation is significant at the 0.01 level (2-tailed).

This table displays the linear correlation (Pearson test) between pregnant women's age, hemoglobin,
and serum ferritin. Age and ferritin (r = 0.088, p = 0.324), Age and hemoglobin (r = 0.040, p = 0.653),
and ferritin and age (identical values, since correlation is mutual) did not significantly
correlate.Hemoglobin and ferritin had a significant negative connection (r = -0.180, p = 0.042%).
This indicates that hemoglobin levels in pregnant women somewhat decrease as ferritin levels rise;
nonetheless, the association is weak even if it is statistically significant.

Table (3-3): Spearman's rho test, or linear r, is a statistical measure of the relationship between age and

the parameters in pregnancy groups.

This table looks at the same associations using a non-parametric technique called Spearman's rho test.
* No significant correlations found between:

Correlations
Age serum_ ferritin HB

Age Correlation || 1.000 0.093 0.037
(pregnant Coefficient
women Sig. (2- 0.296 0.676
groups) tailed)

N 129 129 129
serum_ferritin || Correlation || 0.093 1.000 -0.064
(pregnant Coefficient
women Sig. (2- 0.296 0.471
groups) tailed)

N 129 129 129
Hb Correlation || 0.037 -0.064 1.000
(pregnant Coefficient
women Sig. (2- 0.676 0.471
groups) tailed)

N 129 129 129

Age, ferritin, and Hb (r=0.093, p=10.296,r=0.037,p=0.676,r =-0.064, p=0.471, respectively).Thus,
the Spearman's test indicates that there are no statistically significant correlations between the variables
in expectant mothers.
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Table (3-4): In non-pregnant women (control groups), the linear r (Pearson test) correlation statistic of
parameters with age.

Correlations
Age | serum ferritin || Hb
control control control
Age_control Pearson 1 -0.026 | 0.036
groups Correlation
(Non_pregnant [ gjo (2- 0.842 | 0.784
women) tailed)

N 59 59 59
serum_ferritin | Pearson -0.026 1] .492™
control groups | Correlation
(Non_pregnant [ jo (2- 0.842 0.000
women) tailed)

N 59 59 59
Hb_ control Pearson 0.036 492™ 1
groups Correlation
(Non_pregnant [ gjo (2- 0.784 0.000
women) tailed)

N 59 59 59
**_ Correlation is significant at the 0.01 level (2-tailed).

Using the Pearson test, this table displays the linear relationship between age and other blood parameters
(serum ferritin and hemoglobin) in women who are not pregnant.Age and serum ferritin (r = -0.026, p
= (.842) and hemoglobin (r = 0.036, p = 0.784) do not significantly correlate; nevertheless, there is a
large and significant positive association between the two (r = 0.492, p = 0.000**).

This indicates that there is a substantial correlation between greater ferritin levels and higher Hb levels
in non-pregnant women.

Table (3-5): The linear r (Spearman's rho test) correlation statistic shows how parameters in non-
pregnant women (control groups) change with age.

Age_control | serum_ferritin_ | Hb_
control control
Age control groups Correlation 1.000 -0.012 0.014
LIl (Non_pregnant Coefficient
| ]| women) Sig. (2- 0.929] 0.919
L tailed)
[ ] N 59 59 59
Serum_ferritin_control || Correlation -0.012 1.000 || .349™
LI groups Coefficient
| ]| Non_pregnant Sig. (2- 0.929 0.007
L women) tailed)
] N 59 59 59
Hb_control groups Correlation 0.014 349" 1.000
LIl (Non_pregnant Coefficient
| ]| women) Sig. (2- 0.919 0.007
L tailed)
[ ] N 59 59 59
**_Correlation is significant at the 0.01 level (2-tailed).

Using the Spearman's rho test, this table displays the non-parametric correlation between the same
variables.Age did not significantly correlate with serum ferritin (r = -0.012, p = 0.929), hemoglobin (r
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=0.014, p = 0.919), or any of the other variables included in Table (3-6).Once more, there is a strong
positive connection between hemoglobin and serum ferritin (r = 0.349, p = 0.007**).

Discussion

4.1 Age

With a very significant difference (P = 0.003), the study's data indicates that pregnant women's mean
age (25.51 £ 5.75 years) is much lower than that of non-pregnant women (28.44 + 5.84 years). This
implies that women in the non-pregnant group are often a little older. The body's metabolism and
storage of iron can be significantly impacted by age. Due to menstruation and the increased iron needed
for fetal development during pregnancy, younger women—especially those in their early reproductive
years—generally have greater iron demands (14).

However, compared to women who are not pregnant, pregnant women frequently have reduced iron
storage since pregnancy itself results in a physiological increase in blood volume and iron utilization.
Ferritin levels, a crucial indicator of iron storage, are significantly lower in pregnant women (16.14 +
18.6 ng/ml) than in non-pregnant women (26.2 + 40.47 ng/ml) (P = 0.022), which is supported by the
study's findings. This suggests that, regardless of age, pregnancy is linked to lower iron levels because
of higher iron intake to support fetal growth. Iron levels can also be indirectly impacted by age through
dietary practices, past pregnancies, and general health (15).

While younger women might still be adjusting to dietary and physiological changes, older women might
have had more time to improve their iron reserves through diet and supplements. This is not a hard-and-
fast rule, though, because the body's iron levels are also greatly influenced by other factors like nutrition,
genetics, and medical history. Pregnancy itself seems to be a more significant role in lowering iron
levels, even if there are age disparities between pregnant and non-pregnant women in this study.
Pregnancy increases the need for iron, which lowers ferritin levels in younger women who may already
have higher needs. This emphasizes how crucial it is to take iron supplements and have regular checkups
in order to avoid difficulties, particularly in younger pregnant women. associated with a lack of iron
(16).

Red blood cells (RBCs) and white blood cells (WBCs) are both greatly impacted by iron deficiency
during pregnancy, which affects the health of both the mother and the fetus. Because of the 20-30%
increase in blood volume during pregnancy, more iron is needed to sustain the formation of hemoglobin
in red blood cells. Iron-deficiency anemia, which is characterized by decreased hemoglobin levels and
decreased oxygen delivery to tissues, can result from inadequate iron consumption. Low birth weight
and premature birth are associated with this disease (17).

WBC levels naturally rise during pregnancy as the body adjusts to support the immune system. Iron
deficiency, on the other hand, can affect immune function, thereby changing WBC numbers and making
a person more vulnerable to infections (18).Research has consistently shown that pregnant women had
lower ferritin and hemoglobin levels than non-pregnant controls. This result emphasizes how common
iron insufficiency is among expectant mothers.

The physiological demands of the growing fetus, which require a substantial transfer of iron from
maternal stores to sustain fetal growth and erythropoiesis, are reflected in the observed decrease in
ferritin levels throughout pregnancy. As a result, maternal iron stores, as measured by serum ferritin,
are frequently exhausted, especially during the course of pregnancy (19).

Pregnant women have a simultaneous drop in hemoglobin levels for a variety of reasons. First,
pregnancy's physiological increase in plasma volume causes hemodilution, which naturally reduces the
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blood's hemoglobin concentration.Second, a real decrease in total hemoglobin mass over time may
result from the elevated iron needs of pregnancy combined with possibly insufficient iron intake or
absorption, particularly if iron storage (as indicated by ferritin) are inadequate (20).

Pregnant women are more vulnerable to iron deficiency and the ensuing anemia, as evidenced by the
frequent observation of decreased ferritin and hemoglobin levels in this population. Even when there is
no obvious anemia (low hemoglobin), iron deficiency can have negative effects on the health of the
mother and the fetus. Increased risks of exhaustion, diminished cognitive function, and possible
difficulties during labor and delivery are linked to maternal iron insufficiency. Inadequate iron nutrition
to the fetus can result in low birth weight, preterm birth, and impaired neurodevelopment. Consequently,
our results highlight how crucial it is to track iron status during pregnancy using ferritin and hemoglobin
measures. Optimizing maternal and fetal outcomes requires early detection and proper treatment of iron
insufficiency (21).

"Given that 25% of pregnant participants had used hormonal contraceptives before becoming pregnant
and that the presented research findings link a high miscarriage rate (33%) with the possible presence
of iron deficiency, I would like to address this point from a scientific research perspective, focusing on
the known and potential pharmacological effects of hormonal contraceptives on iron metabolism (22)."
In terms of pharmacology, it is known that many hormonal contraceptives, especially those that contain
progestins, either alone or in combination products, cause changes in the endometrium. Menstrual flow
volume and duration are often reduced as a result of this action, and amenorrhea may occasionally
follow. The pharmacological action of hormonal contraceptives would theoretically attenuate monthly
iron depletion, which could potentially contribute to enhanced iron storage in users prior to conception,
since menstruation is the predominant source of iron loss in women of reproductive age (23).

On the other hand, early pharmacophysiological research indicates that synthetic progestins may have
an impact on the control of hepcidin, the primary hormone responsible for maintaining systemic iron
homeostasis. Hepcidin controls the release of stored iron from hepatocytes and macrophages as well as
intestinal iron absorption. If this mechanism is clinically significant in the setting of regular use of
hormonal contraceptives, it may have a long-term detrimental effect on iron stores by reducing iron
absorption from the gastrointestinal tract and limiting iron release from storage cells. It is important to
remember, nevertheless, that this pathway is still being studied and that more research is required to
determine its scope and true impact in human beings (24)

Conclusion

Consuming enough iron is essential for a healthy pregnancy. However, many impoverished nations may
not be able to provide appropriate nutrition. Early consideration of iron supplementation is necessary
in these situations. Public health initiatives to inform the public about the importance of a nutritious diet
and iron supplementation prior to conception, or at least throughout the early stages of pregnancy, are
becoming more and more necessary. It is necessary to include this knowledge into prenatal care,
premarital counseling, and educational curriculum. When mothers first see a healthcare provider, they
should be given the right nutritional guidance and supplements (25).

Both ID and IDA may increase pregnancy-related adverse outcomes, according to this study. Compared
to the non-ID group, the ID group had greater rates of postpartum hemorrhage, cesarean delivery, and
gestational hypertension. Additionally, the IDA group had greater rates of postpartum hemorrhage,
newborn asphyxia, cesarean section, preterm birth, gestational hypertension, and fetal discomfort than
the non-ID group. Our findings are in line with a prior study's findings (26).
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Pregnant women who have IDA may experience a stress reaction. Anemia during pregnancy reduces
the blood's capacity to carry oxygen, which raises peripheral and cardiovascular vascular pressure to
meet blood supply requirements and increases the risk of hypertension (27). For the mother and the
infant to receive oxygen and nutrients, blood is a vital conduit. Anemia can lead to an irregular placental
function by reducing those delivery to the placenta. For example, ischemia, hypoxia, and malnutrition
can cause fetal distress, increasing the risk of preterm birth, cesarean section, and newborn asphyxia
(28, 29).

An inadequate oxygen supply and lack of nutrients resulted in a decreased synthesis of immune globulin
in pregnant women with anemia, according to another study (30). This impairs immunity and raises the
risk of puerperal illnesses. Additionally, ID has the ability to increase matrix metalloproteinase
expression. Reduced uterine contractions and postpartum bleeding can be caused by highly expressed
matrix metalloproteinases (31). Due to placental ischemia and hypoxia, it can also reduce uterine
contractility, which might result in postpartum hemorrhage (32).

Limitations and future directions: Given the small sample size of this single-center retrospective
investigation, a multi-center prospective study is necessary to investigate the risk factors for ID and
IDA during pregnancy and their effects on pregnancy outcome. Depending on the risk factors and the
prevalence of ID and IDA in the plateau region, appropriate intervention strategies might be developed
for both ID and IDA prevention and treatment.In conclusion, a high prevalence of ID and IDA is seen
in pregnant women from the plateau region, particularly in older parturient women and those who have
had several pregnancies, births, or abortions.

According to our findings, pregnant women should have regular prenatal care visits, eat a healthy diet
that avoids strong tea or coffee, take iron supplements, and receive dietary counsel in order to lower the
incidence of ID and IDA and enhance pregnancy outcomes (33).
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