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Advances in Knowledge

• The effects of blood lead levels (BLL) in pregnant women on their newborns are controversial and differ from country to country and
even in different districts within the same country.

• The study examines the impact of maternal BLLs on their babies in Basrah, Iraq where previous studies revealed high BLL among the
population.

Application to Patient Care

• The results of this study can help establish preventive measures to reduce human lead exposure and monitor lead levels in pregnant
women.

ABSTRACT
Objectives: Lead can pass from a mother to her developing foetus and is associated with well-established risks for

the foetus. This study aimed to evaluate maternal and cord iron and lead levels and study the association of maternal
and cord blood lead levels (BLLs) with newborn anthropometric measurements. Methods: This cross-sectional study
was conducted at Basra Maternity and Children Hospital, Basrah, Iraq, and included women and their newborns over
the period from January through June 2023. Blood samples from mothers and umbilical cords were collected and sent
to determine the complete blood count and lead and iron levels. Linear regression and Pearson correlation were used
to assess the association of maternal and cord BLLs with different maternal and neonatal variables. Results: A total of
140 women and their newborns were included in this study. There was a significantly lower maternal haemoglobin
(10.6 ± 1.4 g/dL) and serum iron (93.5 ± 44.8 µg/dL) levels compared to newborn levels (13.3 ± 1.8 g/dL and 135.0 ±
76.5 µg/dL, respectively; P <0.001). A significant negative correlation between maternal haemoglobin and cord BLLs
(R2 = 0.12; P < 0.001) and a significant positive correlation between maternal and cord iron (B = 0.41; P < 0.05)
levels and maternal BLLs with both cord iron (B = 4.78; P <0.05) and cord BLLs (R2 = 0.29; P <0.001) were reported.
Furthermore, the Pearson correlation revealed a significant negative correlation between cord BLLs and infant birth
weight (R2 = 0.06; P = 0.01). Conclusions: This study found that maternal BLLs were positively associated with both
cord iron and cord BLLs. The cord BLL was negatively associated with maternal haemoglobin levels and infant birth
weight. Preventive measures to reduce human lead exposure and monitor lead levels in pregnant women are important.
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1. Introduction

Environmental contamination with hazardous
heavy metals is considered an important health issue
for individuals of all age groups worldwide. These
metals can accumulate in different organs of the
human body causing significant health problems.1

Exposure to lead continues to affect at-risk age
groups globally, including women of childbearing age
and children, especially in developing countries.2

Exposure to lead can affect the central nervous
system (CNS), gastrointestinal tract, cardiovascular
and renal systems. It also has immunological and
haematological adverse effects. Children are espe-
cially susceptible to the toxic effects of lead on
the CNS, and even exposure to relatively low levels
may result in severe and, in some children, irre-
versible neurological damage.3 Even children with
mild elevation in blood lead levels (BLLs) have a
greater risk of developing various neurological and
behavioural problems that can continue into ado-
lescence.4 Although blood lead concentrations have
reduced worldwide following a decline in the use of
lead in gasoline, paint, plumbing and soldering, sig-
nificant sources of exposure to lead are still present in
many countries, especially developing countries and
countries with transitional economies.3

Iron deficiency is reported to be associated with
increased BLLs, as lead is a seriously detrimental ele-
ment to iron metabolism.5

Lead can also pass from a mother to her developing
foetus through the placenta as early as 12 weeks
gestation until birth, and there is a strong correla-
tion between maternal and umbilical cord BLLs.4,6

Lead is destructive to the developing central nervous
system because of the incomplete blood-brain bar-
rier. Elevated BLLs in pregnant women, even levels
<10 µ/dL, can cause abortion, preterm birth, low
birth weight and delayed development in children.4

The Centres for Disease Control and Prevention rec-
ommended a reference BLL of 3.5 mg/dL to prevent
the deleterious effects on children. However, no level
of lead is safe.7

The effect of lead on body weight at birth repre-
sents a critical medical issue, as low birth weight
is an important predictor of neonatal mortality and
morbidity.8 However, previous studies concerning
the relation between maternal BLLs and infant birth
weight have shown conflicting results. Some re-
searchers reported a significant negative association
between maternal BLLs and infant birth weight, while
others did not report such an association.9–11

Despite the well-established risks associated with
lead exposure, routine prenatal lead screening, BLL
screening in children and lead educational interven-
tions are not a standard of care.4

Several studies about BLLs among Iraqi populations
have revealed high BLLs. However, these studies were
carried out on selected at-risk groups like those work-
ing in the petroleum industry, fuel stations, and other
at-risk workers.12–14

In Basrah, previous studies also reported a high
mean BLLs in children and adults.15,16 However,
knowledge about maternal iron and BLLs and their
impact on their baby is lacking. Assessing iron and
BLLs in pregnant women and their babies is important
for the development and implementation of effective
regulatory steps that will reduce lead exposure in
this risky population. Therefore, the current study
aimed to determine the maternal and cord iron and
lead levels and study the association between ma-
ternal and cord BLLs and neonatal anthropometric
measurements.

2. Methods

This analytical cross-sectional study was conducted
at Basra Maternity and Children Hospital, Basrah,
Iraq, from January to June 2023 and included women
and their newborns. Mothers were interviewed us-
ing a questionnaire developed for this study. Data
obtained included maternal age, residence, educa-
tional level, milk consumption, smoking, Kohl use
(a traditional powder-like eyeliner), dairy products
ingestion, tea consumption, coffee intake and iron
supplement during pregnancy.

Only mothers with full-term, singleton pregnancies
who attended Basra Maternity and Children Hospi-
tal during the study period were recruited. Maternal
weight and height were measured, and body mass
index was calculated. Women with chronic medi-
cal conditions or infectious diseases were excluded.
All neonates were examined, and gestational age
(GA), weight, length and occipitofrontal circumfer-
ence (OFC) were assessed.

Maternal blood samples were collected from pe-
ripheral veins by using a sterile technique at the
time of delivery, and cord blood samples were taken
from their newborns’ umbilical veins immediately
following delivery, after cleaning and stabilising the
newborns.

Each sample of blood (approximately 5 mL) was
divided into 2 parts. The first part included 3 mL
that were added to an ethylenediaminetetraacetic
acid tube; 2 mL were used for the measurements
of complete blood count variables while 1 mL was
subjected to immediate acid digestion was used for
lead estimation.

The other part included 2 mL which were trans-
ferred to a gel tube (without anticoagulant) and were
allowed to clot. The serum was separated and stored
at - 20 ◦C until the iron level was measured.
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Table 1. Selected clinical characteristics of newborns and their mothers (N = 140).

Characteristic n (%)

Maternal age in years
≤20 21 (15.0)
21–30 84 (60.0)
31–40 32 (22.9)
>40 3 (2.1)
Mean ± SD 27.2 ± 6.0
Median 27.0
IQR 8

Residence
Centre 88 (62.9)
Periphery 52 (37.1)

Educational level
Illiterate 15 (10.7)
Primary 69 (49.3)
Secondary 34 (24.3)
Higher 22 (15.7)

Milk consumption 83 (59.3)
Kohl use 46 (32.9)
Mean BMI ± SD (range) 27.6 ± 3.5 (18.1–37.8)
Newborn-related factors
Mean birth weight ± SD (range) 3.2 ± 0.4 (1.8–4.6)

Sex
Male 78 (55.7)
Female 62 (44.3)

Mean gestational age in weeks ± SD (range) 38.3 ± 3.1 (36–41)

SD = standard deviation; BMI = body mass index.

The haemoglobin level was measured by a Sysmex
XN 350 analyser (Sysmex Corporation, Kobe, Japan)
within 30 minutes of sample collection.

Lead levels in digested blood samples were mea-
sured by an AA - 7000 atomic absorption spectrome-
ter analyser (Shimadzu Corporation, Kyoto, Japan).
Atomic absorption spectroscopy analyses and mea-
sures the concentration of metal atoms/ions in a
sample based on the principle that atoms/ions can
absorb light at specific unique wavelengths. When
a sample containing a particular metal, is exposed
to light at the specific wavelength of the metal,
only that metal atom will absorb this light. The
amount of light absorbed at this defined wavelength
is directly proportional to the concentration of the
absorbing metal. Lead is a toxic metal, and there is
no safe level of exposure. However, a blood lead level
should be ≤3.5 µg/dL for children and <5 µg/dL for
adults.17,18

The serum iron level was measured by spectropho-
tometer (Architect Abbott c4000 analyzer, Abbott
Laboratory Inc., Abbott Park, Illinois, USA). The nor-
mal values of serum iron are 60–160 µ/dL for adult
females and 100–250 µ/dL for neonates.19

Data were analysed using the Statistical Packages
for Social Sciences (SPSS), Version 23.0 (IBM Corp.,
Armonk, New York, USA). Data are expressed as the
mean± standard deviation or number and percentage
where appropriate. Comparisons of proportions were

performed by cross tab using an independent t-test
when each cell had a mean ± standard deviation
in 1 × 2 tables. Multiple groups were also analysed
using a linear regression unstandardised coefficient
(B). Pearson correlation was used to assess the associ-
ation between maternal and cord BLLs with neonatal
anthropometric measurements. Multivariate analy-
sis was utilised to examine the independent effects
of certain variables on neonatal anthropometric in-
dices. These variables were maternal age, residence,
GA, milk consumption, dairy products ingestion, tea
and coffee consumption during pregnancy, maternal
haemoglobin, iron level and BLL, cord haemoglobin
and cord BLL. For all tests, a P value of <0.05 was
considered statistically significant.

3. Results

A total of 140 mothers and their newborns were
recruited for this study. The maternal age ranged
from 15 to 42 years (interquartile range = 8), with
a mean of 27.2 ± 6.0 years. Most mothers (62.9%)
were from the centre of Basrah, and only 15.7% had
higher education. Kohl was used by 32.9% of the
mothers and 59.3% were consuming milk. None of
the mothers were smokers. Concerning newborns, the
mean GA was 38.3 ± 3.1 weeks, while the mean birth
weight was 3.2 ± 0.4 kg [Table 1].
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Table 2. Maternal and cord haemoglobin, iron and lead levels (N = 140).

Maternal Cord

Parameter Mean ± SD Median Range Mean ± SD Median Range P value∗

Haemoglobin in g/dL 10.6 ± 1.4 10.7 5.8–13.8 13.3 ± 1.8 13.3 8.2–19.8 <0.001
Iron in µg/dL 93.5 ± 44.8 80 24–303 135.0 ± 76.5 98.75 35–390 <0.001
Lead in µg/dL 7.6 ± 4.1 7 1–26 6.8 ± 3.9 6 1–22 0.102

SD = standard deviation.
∗Using an Independent t-test was used.

Table 3. Correlation between maternal and cord haemoglobin, iron and lead levels.

Cord

Haemoglobin Serum iron Blood Lead

Parameter B P value B P value B P value

Mother
Haemoglobin 0.12 0.326 0.97 0.845 −0.58 0.011
Serum iron 0.002 0.582 0.41 0.007 −0.001 0.860
Blood Lead 0.02 0.584 4.78 0.003 0.45 <0.001

B = linear regression unstandardised coefficient.

The study revealed significantly lower maternal
haemoglobin (10.6 ± 1.4 g/dL) and serum iron (93.5
± 44.8 µg/dL) levels compared to newborn levels
(13.3 ± 1.8 g/dL and 135.0 ± 76.5 µg/dL, respec-
tively; P < 0.001). However, there was no significant
difference in the mean BLL between mothers and their
newborns (7.5 ± 4.1 versus 6.8 ± 3.9 µg/dL; P =
0.102) [Table 2]. High BLLs were reported in 110
(78.6%) mothers and 123 (87.9%) neonates.

Linear regression analysis did not show any signifi-
cant correlation between maternal BLLs and selected
maternal variables such as age (B = 0.008; P =
0.948), kohl use (B = −1.070; P = 0.542), milk con-
sumption (B = −1.704; P = 0.384), dairy products
consumption (B = −1.503; P = 0.417), tea con-
sumption (B = −0.754; P = 0.725), coffee intake (B
= −1.862; P = 0.293) and iron supplement (B =
−1.495; P = 0.411).

A significant negative correlation between mater-
nal haemoglobin and cord BLLs (R2 = 0.12; P =
0.011) and a significant positive correlation between
maternal and cord iron levels (B = 0.41; P = 0.007)
and maternal BLLs with both cord iron (B = 4.78; P =
0.003) and cord BLLs (R2 = 0.29; P <0.001) were
observed, while no association was seen between ma-
ternal serum iron and cord BLLs (R2 = 2.70, P =
0.951) [Table 3 and Fig. 1].

The study did not reveal any significant association
between maternal BLLs and neonatal anthropomet-
ric measurements (P >0.05) [Fig. 2]. However, the
Pearson correlation revealed a significant negative
correlation between cord BLLs and infant birth weight
(R2 = 0.06; P = 0.01) [Fig. 3].

On submitting all variables that could potentially
affect neonatal anthropometric indices to multivari-

ate regression analysis, the only significant predictor
of birth weight was GA (B= 0.282; P < 0.001), while
for the OFC, significant predictors were maternal age
(B = 0.083; P <0.001) and cord BLL (B = −0.056;
P = 0.045).

4. Discussion

Lead is one of the most widespread harmful heavy
metals and hazardous pollutants associated with ad-
verse effects on the health of humans.20

The current study investigated the levels of lead
and iron in maternal and umbilical cord blood and
the association of both maternal and cord BLLs with
neonatal anthropometric measurements at birth. This
study revealed a significant negative correlation be-
tween maternal haemoglobin and cord BLL and a
significant positive correlation between maternal and
cord iron levels and maternal BLL with both cord iron
and cord BLLs.

Although the mean maternal BLLs were higher
(7.6 µg/dL) than cord BLLs (6.8 µg/dL), the dif-
ference was not statistically significant. The mean
maternal BLL was lower than that reported previously
in Basrah by Al Naama et al. in adult females (10.12±
2.98 µg/dL).16 However, the current study results
were higher than those of Al-Jawadi et al., who re-
ported a mean maternal BLL of 3.26 ± 1.91 µg/dL
(range: 0.50–22.39 µg/dL) and a mean cord BLL of
2.29 ± 2.11 µg/dL (range: 0.30–22.91 µg/dL) in
Mousl Province in northern Iraq but lower than those
of Sahb et al. who reported a mean maternal BLL
of 10.31 ± 3.41 µg/dL in Babylon Province in the
centre of Iraq.21,22 The relatively high levels of lead
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Fig. 1. Pearson correlation was used to show the correlation between cord lead levels and (A) maternal haemoglobin (R2= 0.12;P < 0.001),
(B) maternal iron (R2 = 2.70; P = 0.951) and (C) maternal lead levels (R2 = 0.29; P < 0.001).

in Iraqi society can be attributed to higher exposure to
lead through exposure to gasoline automobiles, paper
products, discarded rubber, battery casings and Kohl
use in women.16

The significant positive association between ma-
ternal and cord lead levels is consistent with the
findings of other studies in different countries.23–25

However, Reddy et al. did not report such an associa-
tion in India.26 The lead in maternal blood passes to
her foetus through the placenta and high levels can
have long-term adverse effects on offspring develop-
ment.25 However, the differences between different
studies can be explained by the fact that the trans-
fer of maternal lead to the foetus can be affected
by many factors, including maternal blood pressure,
haemoglobin, seasonal variation (delivery in winter)
and stressful conditions.27

The mean maternal haemoglobin level was 10.6
± 1.4 g/dL, with a significant negative correlation
between maternal haemoglobin and cord BLLs. These

findings are in agreement with the levels reported by
El Khaleegy et al. in Egypt, who reported a compa-
rable mean maternal haemoglobin level (10.5 g/dL)
and a significant negative association between mater-
nal haemoglobin and cord BLLs;28 Al-Jawadi et al.,
reported that haemoglobin level <11 g/dL was a
significant predictor of umbilical blood lead level ≥5
µg/dL in Iraq and that iron supplements during preg-
nancy had a significant protective effect against the
development of high cord BLLs.21

The mean serum iron level in cord blood was
significantly higher than in maternal blood, with a
significant positive correlation between maternal and
cord iron levels. This result is consistent with Shih-
Hui et al.’s study, who found a positive correlation of
iron (r = 0.17; P = 0.038) in paired maternal/foetal
samples with a higher median iron level in cord blood
compared to maternal blood in Taiwan.29 Iron sup-
ply to the foetus, through the placenta, is an active
process that does not depend on the maternal iron
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Fig. 2. Pearson correlation was used to show the correlation between maternal blood lead level and (A) baby weight (R2= 0.02;P= 0.051),
(B) neonates occipito-frontal circumference (OFC; R2 = 0.006; P = 0.417) and (C) baby length (R2 = 0.012; P = 0.247).

status. However, it was found that iron transfer is
reduced when the mother becomes anaemic, and this
can predispose her foetus to iron deficiency.30

The current study found a significant positive cor-
relation between maternal BLLs and cord iron levels.
This can be attributed to the fact that iron deficiency
in pregnant women can lead to an increase in lead
accumulation in these women during pregnancy, and
both iron and lead can affect the pathways involved
in the synthesis of haemoglobin.31

Another finding is the significant negative correla-
tion between cord BLLs and infant weight at birth.
The results of the various studies concerning the asso-
ciation between cord BLLs and infant anthropometric
indices at birth are controversial. The current study
results agree with those of Torabi et al., who reported
a significant inverse relation between umbilical cord
BLLs and birth weight in Iran (P = 0.008). However,
there was no significant association between cord
BLLs and head circumference and infant height at

birth.32 Another study in Iran by Neda et al. reported
that excess lead in the blood caused a decrease in
birth weight, length and occipitofrontal circumfer-
ence of the newborns, although the decrease in birth
weight was not significant (r=−0.141; P= 0.092).33

El Khaleegy et al. reported that umbilical BLLs cor-
related negatively with neonatal birth weight, head
circumference and length in Egypt.28 Other studies
by Ladele et al. in Nigeria and Dalili et al. in Iran did
not report any significant relation between cord BLLs
and the growth parameters of the newborn.23,24

The BLL in a neonate is dependent on many factors
including maternal environmental exposure to lead,
its storage in the body and release in blood during
pregnancy and the maternal diet and nutritional sta-
tus during pregnancy.33

The current study has many limitations. For exam-
ple, maternal diet and iron and vitamin supplements
were not studied thoroughly. Other limitations were
the relatively small sample size and that BLLs were
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Fig. 3. Pearson correlation was used to show the correlation between cord blood lead level and (A) baby weight (R2 = 0.06; P = 0.01),
(B) baby occipitofrontal circumference (OFC; R2 = 0.02; P = 0.140) and (C) baby length (R2 = 0.009; P = 0.316).

assessed at delivery only, as it is well known that pro-
longed exposure to lead may result in more harmful
effects on foetuses.

5. Conclusion

The current study revealed that a high maternal BLL
was associated with both cord iron and cord BLLs and
adds to the limited existing evidence of high BLLs
in the Iraqi population. The study also highlighted
that the presence of a high mean cord BLL was neg-
atively associated with low maternal haemoglobin
levels and infant birth weight. The study findings
have provided baseline data that can be transferred
to local and national decision-makers to implement
regulatory measures to reduce lead exposure and pre-
vent its harmful effects. Although routine testing of

pregnant women for BLLs is not done, a multifarious
approach appropriate for the local situation in Basrah
is needed, which should include implementing a risk
assessment screening tool for lead exposure, educa-
tional programmes about the risk of elevated BLLs
on the health of pregnant women and their babies,
combined with adequate dietary intake of calcium,
iron, zinc, vitamins C, D and E, which are known to
lower lead absorption.
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