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Abstract
Lead may be passed on from a mother to their unborn fetus. If she has been exposed to lead for an extended period, the lead
deposited in their bones can be stimulated to be released into the bloodstream during gestation. This study was planned to
examine blood lead level at the prenatal stage and its response to markers of iron deficiency during gestation. We collected 396
samples during the second trimester of gestation from women age 19 to 45 years. Hematological markers including hemoglobin,
hepcidin, total iron-binding capacity (TIBC), ferritin, and blood iron were analyzed. For the detection of blood lead, we used
Atomic absorption spectroscopy. The mean blood lead level of the control group was 3.25 ± .407 μg/dL, and in the iron
deficiency group, it was 7.96 ± .502 μg/dL. At the same time, the women with iron deficiency anemia showed 22.12 ± 1.02 μg/dL
of mean blood lead. Pearson’s approach showed a non-significant negative correlation between blood lead and hepcidin, while
hemoglobin, total iron-binding capacity, ferritin, and serum iron showed a significant (.01) negative correlation with blood lead.
Blood lead has no direct effect on iron deficiency markers. In contrast, iron deficiency contributes to an increase in lead
accumulation during pregnancy. Iron and lead both have an impact on the heme-biosynthetic pathways. The study revealed that
pre-existing iron deficiency is connected with increased lead intake and can negatively impact health in gestational females.
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Introduction

Lead (Pb), a non-biodegradable heavy metal that remains in the
environment, is widely utilized in various sectors, including
autos, paint, batteries, plastics, cosmetics, and jewelry.1,2 Pb
pollution is a severe concern to human health, particularly for
pregnant women and fragile babies, who are more sensitive to Pb
exposure due to Pb’s ability to cross the placenta effortlessly.3

High levels of Pb exposure have been related to preeclampsia,
pregnancy-induced hypertension, miscarriage, preterm labor,
congenital abnormalities, prematuremembrane rupture, and even
cognitive difficulties.4-9 Lead is dispersed throughout the body,
including the brain, liver, kidneys, and bones. It is stored in the
teeth and bones, where it builds up over time. Lead in bone is
released into the bloodstream during pregnancy, exposing the
growing baby. There is no amount of lead exposure that is known
to be without adverse consequences. Center for disease control
recommended there are no known safe blood lead levels for

children and pregnant women.10 Lead exposure is vertically
transferred (i.e., mother-to-fetus) before birth and continues
throughout early childhood. A research finding implies that
testingwomen for the lead during pregnancymay be necessary to
determine the danger to their future children.11 Pregnancy causes
heightened susceptibility to hazardous chemicals. Blood lead
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levels may rise during pregnancy, either from an endogenous
source (bone saved) or ambient pollution, affecting pregnancy
health and potentially endangering the mother and growing
fetus.12 Few studies published a significant hematological effect
identified in females exposed to lead even at very low lead levels.
It is discovered that females are more prone to develop lead-
induced anemia than males.13

Lead can cause abnormalities in iron homeostasis and in-
terference with erythropoiesis. The effect of BLL on iron he-
matological and biochemical markers were also investigated in
few studies. Few studies have been published on the interaction
of lead levels with different hematological markers of iron de-
ficiency.14 The definition of iron deficiency has been updated to
include additional criteria with demonstrated diagnostic useful-
ness. Systemic iron homeostasis has been rethought in less than 2
decades.15,16

Iron levels must rise significantly throughout pregnancy to
promote fetoplacental development and maternal pregnancy
adaption. To satisfy these iron needs, both dietary iron absorption
and iron mobilization from reserves increase, a system that is
heavily reliant on the iron-regulatory hormone hepcidin.17 Ac-
cording to few findings, circulating hepcidin is only a minor
predictor of dietary iron bioavailability in people.18

Blood lead levels rose throughout pregnancy, from
24 weeks through delivery, due to increased gastrointestinal
absorption and increased bone turnover during this time.
During pregnancy, bone resorption accelerates to meet the
fetus’s mineral demands, which may result in temporary el-
evations in endogenous blood lead levels.12

Low-level lead exposure is an occupational and public health
issue that should be addressed more aggressively, especially in
pregnant females. On this background, we planned the current
study to check BLL in the second trimester of pregnancy.Mainly,
we work on the question, do iron deficiency and elevated blood
lead have a similar hematological profile during pregnancy and
what is the correlation between BLL and markers of iron
deficiency?

Methods

Study Design and Setting

We conducted a multicenter analysis of pregnant females. The
two hospitals, Said Mitha Teaching Hospital Lahore and Govt,
Kot Khawaja Saeed Teaching Hospital, were chosen using a
lottery system.

Inclusion criteria: All the females were during the second
trimester of pregnancy, from 13 to 26 weeks. Ten cc blood was
taken from pregnant females. Every participant in the study
provided informed permission, and their privacy rights have
strictly adhered to it. The WHO guidelines for the age range of
18–45 years were followed. For the sample, both primigravida
and multigravida women were selected.

Sample collection: Following previous permission, data on
location, education, parity, and socioeconomic level were

gathered. A skilled phlebotomist took a 10 cc blood sample from
each participant once. Two cc blood were put in CBC vials, and
the remaining 8 cc were transferred to gel tubes for blood
separation. All aliquots were transferred in a cold chain from
OPD to the lab.

Biochemical Procedures

After calibrating standard curves for all tests mentioned above,
samples are conducted by measuring absorbance [19, 20]. Each
sample had a complete blood count (CBC) done using an au-
tomated hematology analyzer named Sysmex-KX21. Sysmex-
XP-100 three-part differential techniques were used to quantify
blood iron. In contrast, ELISA was used to check levels of
ferritin, TIBC, and hepcidin-25 using antibody-coated 96-well
plates (Science glory).

Anemia and Iron Deficiency

The WHO classified anemia in pregnant women based on
hemoglobin levels. Hemoglobin 11 g/dL anemia is clas-
sified as mild (10 g/dL), moderate (9 g/dL), and severe (7 g/
dL).19-21

Iron deficiency was identified by lower blood iron and ferritin
concentrations22 Hepcidin, a newly discovered marker for iron
homeostasis, is also considered to identify anemia during
pregnancy.23,24

Detection of Lead

Shimadzu AA-7000G (Graphite Furnace Atomizer) and
platform-type Graphite Tube were used to analyze Pb in
blood. Because the sample was combined with matrix mod-
ifier solution before GF-AAS analysis, the method provided a
fast way to detect Pb in blood.

To prepare the matrix modifier, 5 mL of 10% Triton X-100,
2 mL of NH4PO4, and 4 drops of 70% HNO3 acid were
combined and diluted to volume with deionized water in a
100 mL volumetric flask. To create a multi-point calibration
curve, working standard solutions of 0, 50, 100, 300, and 600
ppb Pb in 1% HNO3 were produced. In the autosampler
vessels, 100 μl of the working standard solution and 900 μl of
matrix modifier were mixed to generate 0, 5, 10, 30, and 60
ppb standard solution. The prepared solutions were left alone
until bubbles disappeared.

The samples were made by combining 100 μl of whole
blood and anticoagulant and 900 μl of matrix modifier. On the
other hand, the spiked recovery samples were created by
combining 100 μl blood sample, 100 μl working standard
solution, and 800 μl matrix modifier.

The graphite tube design enables more uniform sample
atomization, while the matrix modifier releases and avoids loss
of the target element while reducing matrix interference. The
calibration curve demonstrated high linearity (r= .998) for
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standard solutions that were less than the CDC blood lead
levels of 100 ppb.25

Statistical Analysis

Raosoft® was used to calculate sample size, with a margin of
error of 3% and a confidence level of 95%. All demographic
and biochemical characteristics were subjected to descriptive
analysis. We were identifying significant connections between
discrete variables and outcomes (lead level). Absolute and
relative frequencies were used to describe qualitative factors,
whereas means, standard deviations, and amplitude ranges
were used to represent quantitative variables (minimum and
maximum). In the event of significant association, the risk of a
95% confidence interval was calculated.

Pearson’s correlation coefficients were calculated in the
study of 396 women to explore the connection between Blood
lead levels and iron storage indices-ferritin, TIBC, hepcidin,
Blood iron, and hemoglobin. All statistical analyses were
performed using SPSS 20.0 program.26,27

Results

Increased Blood lead levels are observed in all three groups of
pregnant females. The mean blood lead level of the non-iron
deficiency group is 3.25 ± .407 μg/dL, and in the iron defi-
ciency group, it is 7.96 ± .502 μg/dL. At the same time, the
women with iron deficiency anemia showed 22.12 ± 1.02 μg/
dL of mean blood lead. Although the mean values among the
three groups are different, no statistically significant differ-
ences were detected between the groups.

As per Pearson’s Correlation among blood lead and hema-
tological markers of iron deficiency, blood lead showed a non-
significant negative correlation with hepcidin, but it shows a
significant negative correlation with hemoglobin (P = .01).

(Figures 1 and 2). Ferritin, blood iron, hematocrit, mean cor-
puscular volume, and RBCs are significantly negatively corre-
lated with blood lead levels (Figures 3 and 4). In contrast, TIBC
andMCHC are positively correlated with significance. But when
the N-ID, ID, and IDA groups are compared, these show a non-
significant correlation.

Discussion

Lead may be passed on from a woman to her unborn child.
Increased lead levels in the blood during pregnancy can:
increase the chance of miscarriage. Cause the baby to be born
prematurely or at a tiny size. The baby’s brain, kidney, and
neurological system will be harmed.28 So, blood lead level
screening during pregnancy is highly recommended. Lead risk
assessment is required since the previously acknowledged
“safe” lead level has also been linked to poor health effects.29

Although it is well acknowledged that some toxic sub-
stances may have positive benefits at low concentrations,
integrating these effects into risk assessments often overlooks
well-established exposure and human susceptibility consid-
erations.30 Hormesis refers to the phenomena of adaptive
health effects at low dosages of the toxic chemicals and
micronutrients. Like nitric oxide in the central nervous system
at neuroprotection and neurotoxicity31,32.

Pregnant women who were in the non-iron deficiency
group were also detected with 3.25± .407 μg/dL blood lead.
(Table 1) According to the latest release of the World Health
Organization, there are no safe levels of lead during pregnancy
even in very minute concentrations it is going to interrupt the
cellular mechanisms for RNA synthesis.33 While in early
ninety’s there have been several studies that show lead-
induced hormetic-like biphasic dose-response correlations.
Low-level lead (Pb) exposure may cause compensatory

Figure 1. Blood lead (Pb) level and hemoglobin. Comparison of blood lead levels with hemoglobin in non-iron deficiency, iron deficiency, and
iron deficiency anemia groups. Results expressed as mean ± S.E.M. (n = 396).
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reactions in extremely sensitive central nervous system cells
such as astroglial cells.34

Developing fetuses are also at risk for dire health conse-
quences as few researchers discovered a link between lead and
microRNA. It might be linked to processes that govern DNA
methylation, a physiological process necessary to govern gene
expression and guarantee that the gene operates appropri-
ately.35 Group of pregnant females diagnosed with iron de-
ficiency based on blood iron levels. Blood-based
hematological markers are used to measure iron status bio-
chemically. These primarily focus on detecting iron-deficient
conditions.36 Estimation of hepcidin as well as regular iron
profile parameters not only aid in the diagnosis of iron de-
ficiency anemia but also the understanding of the severity/
stage of iron deficiency in females (Table 2).

The blood lead levels average of the iron deficiency group
is 12.66 ± .05, which can be responsible for many hemato-
logical effects, as Agency has explained it for Toxic Sub-
stances and Disease Registry (ATSDR). Lead (Pb) interferes
with numerous enzymatic stages in the heme production
pathway, impairing the body’s capacity to produce hemo-
globin. Lead (Pb) inhibits heme production by decreasing the
activities of d-aminolevulinic acid dehydratase (ALAD) and
ferrochelatase (FECH). Ferrochelatase, the enzyme that cat-
alyzes the incorporation of iron into protoporphyrin IX, is
extremely sensitive to lead. A reduction in the activity of this
enzyme causes an increase in the substrate erythrocyte pro-
toporphyrin (EP) in red blood cells, and ZPP-bound to zinc
rather than iron was also discovered37,38. Lead influences the
heme synthesis pathway, which is implicated in many other

Figure 2. Blood lead (Pb) level and hepcidin. Comparison of blood lead levels with hepcidin in non-iron deficiency, iron deficiency, and iron
deficiency anemia groups. Results expressed as mean ± S.E.M. (n = 396).

Figure 3. Blood lead (Pb) level and ferritin. Comparison of blood lead levels with Ferritin in non-iron deficiency, iron deficiency, and iron
deficiency anemia groups. Results expressed as mean ± S.E.M. (n = 396).
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systems in the body, including renal, neural, hepatic, and
endocrine systems.37 We categorically focused on the relation
of blood lead and markers of iron deficiency concerning the
Pakistani population. Women diagnosed with anemia are at
high-risk levels of blood lead. Because iron deficiency anemia
is related to higher blood lead levels and may enhance lead
absorption, it also has a detrimental influence on fetal de-
velopment.39 Nan-Haung et al found that lead (Pb) exposure
was substantially related to anemia risk. Low-level lead

exposure is an occupational and public health issue that should
be addressed more aggressively.13 The danger of lead expo-
sure (low level, acute, and chronic) and the resulting health
consequences necessitates the development of suitable pre-
vention and treatment methods.

The current study has several strengths, including bio-
chemical examination of pregnant women. The primary
strength of our study findings is the ability to detect blood lead
levels during pregnancy and compare it to hematological
markers of iron deficiency. It is not a single illness based on its
origin, pathophysiology, and clinical characteristics.24 Syn-
ergistic effects of Blood lead and iron deficiency anemia are
harmful during pregnancy. The study’s findings point to the
need for health agencies to focus on the equitable allocation of
resources to eradicate Blood lead health effects and iron
deficiency.

However, the study has some limitations. Women are
hesitant to provide samples due to a lack of understanding and
research culture. We believe that looking at other biomarkers,
such as soluble transferrin receptors and C reactive proteins,
would have been beneficial. Because of a lack of resources, we
could not improve the analysis of lead concentration in all
three trimesters of pregnancy.40

Blood lead bioavailability must be reduced in any way
possible, and actions are made to minimize the occurrence of
iron deficiency and anemia during pregnancy. Regulatory and

Figure 4. Blood lead (Pb) level and serum iron. Comparison of blood lead levels with Blood iron in non-iron deficiency, iron deficiency, and
iron deficiency anemia groups. Results expressed as mean ± S.E.M. (n = 396).

Table 1. Result of lead (Pb) detection in three groups of pregnant females, that is, non-iron deficiency, iron deficiency, and iron deficiency
anemia. Values are presented as mean ± S.E.M. (n = 396).

Group Hemoglobin (g/dl) Ferritin (ng/dl) TIBC (μg/dl) Hepcidin (μg/L) S. Iron (μg/dl) Pb (μg/dL)

N-ID 13.04 ± .10 79.12 ± 3.24 326.88 ± 5.30 32.52 ±1.06 74.00 ± 2.005 3.25 ± .407
ID 12.57 ± .05 21.87 ± 1.82 519.24 ± 4.95 21.17 ± 2.33 27.00 ± .88 7.96 ± .502
IDA 8.11 ± .12 19.17 ± 1.33 482.71 ± .39 17.13 ± 1.05 20.37 ± .62 22.12 ± 1.02

Table 2. Pearson’s correlation coefficient between various Pb and
hematological and biochemical parameters of groups with iron
deficiency.

Parameters N-ID ID IDA Overall

Pb × Hepcidin .025NS �.076NS �.019NS �.096NS

Pb × Hb �.051NS �.105NS .022NS �.481a

Pb × Hct �.051NS �.105NS .022NS �.481a

Pb × RBCs �.101NS �.098NS .024NS �.480a

Pb × MCV �.157NS .023NS �.011NS �.486a

Pb × MCHC �.050NS �.102NS .025NS .524a

Pb × TIBC .262* .028NS �.009NS .169a

Pb × Ferritin .031NS �.034NS .113NS �.241a

Pb × S. Iron �.233NS .033NS �.052NS �.325a

aCorrelation is significant at the .01 level (2-tailed), *Correlation is significant
at the .05 level (2-tailed), and N.S. for non-significant.
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health organizations should consider this a priority and make
more serious efforts to resolve this public health concern as
eradicating iron deficiency and anemia in women with as-
sociated problems highlights Sustainable Development Goals
(SDGs) 2025 for Pakistan.41

Conclusion

Markers of body iron status were evaluated as a possible
modifying factor in the preceding investigation, and there
was a strong negative association between these variables.
The high prevalence of anemia and iron deficiency in our
research sample may potentially explain some of the higher
BLL we found. Further study and public health studies in
Pakistan should be carried out by monitoring BLL in
various contexts, particularly in pregnant women. The
combined health impacts of these can have a negative
impact on pregnancy outcomes and developing fetus. Blood
lead bioavailability must be reduced in every method that is
practical.
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