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ABSTRACT 
 

 

Background 

The most common reason that leads to anaemia is related 

to the reduction in certain trace elements such as Fe. 

However, it has been found that an elevation in some other 

heavy metals such as Pb could also lead to anaemia. 

 

Aims 

This research aims to assess the Correlation between Pb 

blood levels and Fe, Haemoglobin levels during pregnancy 

among Jordanian women. 

 

Methods  

A cross-sectional study was conducted in the Northern area 

of Jordan. Venous blood samples collected from 167 

pregnant women for the determination of haemoglobin 

(Hb), Fe and Pb levels of which 17 in the first trimester, 19 in 

second trimesters, 131 in third trimesters. Women were 

classified into two groups, the first group included cases 

with blood Pb Levels ≥10µg/dL (high blood Pb level group, 

n=118) and the second with blood Lead levels less than 

10µg/dL (low blood Lead level group, n=49). 

 

Results  

About 71.4 per cent of women had anaemia (n=120; 

Hb>10.5g/dl) and 70.7 per cent of women had a high blood 

Pb level of ≥10µg/dL). Pb blood levels ranged from 6.45 to 

28.0μg/dL. The mean (SD) of blood Pb level was 12.1 (4.1) 

µg/dL. The mean haemoglobin and Fe levels did not differ 

significantly between women with low and high levels of Pb. 

Blood Pb levels were not significantly correlated with 

haemoglobin levels (r=-0.025; P=0.747) nor with iron levels 

(r=0.099; P=0.241). After adjusting for important variables, 

Pb was not significantly associated with haemoglobin 

(P=0.223) and with iron (P=0.116). 

 

Conclusion  

The level of Pb in the blood of pregnant women has no any 

association with haemoglobin and Fe levels during 

pregnancy.  

 

https://doi.org/10.21767/AMJ.2018.3375
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What this study adds:  

1. What is known about this subject?  

Studies show that Fe doesn’t necessarily associate with a 

change in Pb blood levels among older female children or 

adolescents. 

 

2. What new information is offered in this study? 

Study findings show that Pb blood levels are higher among 

women with income less than 600 JD, women in the third 

trimester, and among women who were using 

multivitamins. 

 

3. What are the implications for research, policy, or 

practice?  

The level of Pb in the blood of pregnant women has no any 

association with haemoglobin and Fe levels during 

pregnancy. Further studies are needed to elucidate this 

relationship. 

 

Background 

Iron deficiency anaemia is the most common cause of 

anaemia in pregnancy
1
 the prevalence of Fe-deficiency 

anaemia is around 46–66 per cent in developing countries.
2
 

The most common reason that leads to anaemia is related 

to the reduction in certain trace elements such as Fe. 

However, it has been found that an elevation in some other 

heavy metals such as Pb could also lead to anaemia.
3-7

 

Human exposure to Pb occurs through diet, air, drinking 

water where Pb pipes are being used, ingestion of Pb 

products,
4 

and exposure to old leaded paint chips or 

pigments of lead-glazed pottery which is known as PICA in 

pregnancy.
8  

A previous study reported that blood Pb levels ≥10µg/dL is 

significantly correlated with anaemia, decreasing Fe 

absorption and negatively affecting hematologic indices.
3,9-

11
 The explained mechanism of lead-induced anaemia is 

related to the fact that by increasing Pb level in the blood, 

the Heme-formation, which is essential Fe metabolic step, 

will be interfered and this, in turn, will increase the rate of 

red blood cell destruction and blocking iron absorption.
12

 

Moreover, it was reported that insufficient Fe might amplify 

Pb contamination by increasing retention and absorption of 

Pb in the body,
9
 which in turn affects an important Fe 

dependent metabolic step in Heme-biosynthesis.
12 

 

The presence of Pb prevents the formation of haemoglobin 

which causes Pb-induced anaemia (hypochromic microcytic 

anaemia).
9
 Hypochromic microcytic anaemia can result from 

a significant reduction in Fe level even if no Pb is present, 

but the presence of Pb causes deterioration of anaemia. 

 

Severe anaemia, typically less than seven can be associated 

with significant maternal and foetal complications.
11

 

Anaemia during pregnancy has negative health impact on 

both maternal and foetus outcomes, such as premature 

delivery,
2
 and intrauterine growth retardation.

2
 According 

to WHO, the lower limits of normal haemoglobin level are 

12g/dL in women and 14g/dL in men and normal 

haemoglobin level up to 11g/dL percent in pregnancy.
8
 So 

any haemoglobin concentration less than 11g/dL during 

pregnancy by WHO standards should be considered 

anaemia. In developing countries pregnant women with Hb 

level <10.5g/dL still tolerate pregnancy, labour and delivery 

without negative outcomes, so pregnant women with 

(Hb<10.5g/dL) was assumed anaemic.
8
 

 

The difficulty in establishing a precise diagnosis of lead-

induced anaemia status of pregnant women represents a 

complicating factor in the understanding of the relationship 

between maternal Fe level and trace elements level such as 

lead blood levels. This study aimed to determine the 

correlation of blood Pb levels with Fe levels and 

haemoglobin levels during pregnancy among Jordanian 

women.  

 

Method 

A cross-sectional study was conducted to determine the 

correlation of blood lead levels with iron levels and 

haemoglobin levels during pregnancy in a group of pregnant 

women attending a teaching hospital in the north of Jordan. 

Women were randomly selected from the patients' care 

records irrespective of the trimester of the pregnancy. All 

included pregnant women were non-alcoholic and no PICA 

cases. Women with any disease that may affect Pb blood 

levels (gestational hypertension, gestational diabetes and 

those who receive blood transfusion) were not included in 

the study. A total number of 167 pregnant women met the 

inclusion criteria and were included in this study. 

 

Data were collected using a questionnaire. The first part of 

the questionnaire included the socio-demographic and 

relevant characteristics of the participants such as age, 

education, income, parity, trimester of pregnancy, daily 

intake of Fe and multivitamins. 
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A trained researcher collected an aliquot of 3mls of venous 

blood samples from pregnant women during their visits to 

the maternal clinics. Blood was transferred into EDTA tube 

immediately centrifuged (4500 RCF for 10 min) to separate 

the plasma from whole blood to prevent the transfer of Pb 

from erythrocytes. Pb in blood was measured by taking 0.5g 

of Ammonium Di-hydrogen Phosphate (NH4H2PO4) which 

was mixed with 2mls Triton X100 in a 100mL glass bottle at 

the room temperature. Graphite Furnace Atomic 

Absorption Spectrometry (GFAAS) (also known as 

Electrothermal Atomic Absorption Spectroscopy (ETAAS) 

was used to determine the concentration of Pb at 

wavelengths of 283.3nm. GFAAS is a type of spectrometry 

that uses a graphite-coated furnace to vaporize the sample. 

Briefly, the technique is based on the fact that free atoms 

will absorb light at frequencies or wavelengths 

characteristic of the element of interest (hence the name 

atomic absorption spectrometry).  

The digestion of samples was done by mixing of 0.1mL of a 

mixture with 0.05 mL of sample, whereas to determine Fe 

concentrations samples were diluted 1:3 with deionized 

water. Flame Atomic Absorption Spectrometer (FAAS) was 

used to determine the concentration of Fe at wavelengths 

of 248.3nm with a slit width of 0.5 nm. Both Flame and 

Graphite manufactured by Unicam Atomic Absorption, 

United Kingdom, model (SOLAAR M5). 

Pregnant women were divided into two groups using the 

CDC cut off point of 10µg/d 
11,12,13 

High blood Pb Levels 

≥10µg/dL (n=118) and 2) low Pb levels <10 µg/dL(n=49). 
 

 

Data were analysed using the Statistical Package for Social 

Sciences (SPSS) version 20. Pearson correlation was used to 

correlate between blood Pb level, Fe, and Haemoglobin. The 

differences between means were analyzed using 

independent t-test. Multiple Linear Regression analysis was 

used to analyse the association between Pb (independent 

variable) and other dependent variables including 

Haemoglobin and Fe. For statistical analysis, a p-value of 

<0.05 was considered statistically significant.
 

 

Results 

Blood samples were taken from 167 pregnant women (17 

(10.2 per cent) in the first trimester, 19 (11.4 per cent) in 

second trimesters, and 131 (78.4 per cent) in third 

trimesters). A total of 92 (55.8 per cent) women aged less 

than 30 years and 93 (57.8 per cent) had a bachelor degree 

or higher degrees (Table 1). About 71.4 per cent of women 

had anaemia (n=120; Hb>10.5g/dl), and 70.7 per cent of 

women had a high blood Pb level of ≥10µg/dL. Pb blood 

levels ranged from 6.45 to 28.0μg/dL. The (mean±SD) of 

blood Pb level was 12.1 (4.1)µg/dL. 

 

Table 2 shows the mean (±SD) of haemoglobin, Pb, and Fe 

levels and the analysis of the differences according to the 

studied characteristics using independent t-test. The mean 

of blood Pb level differed significantly according to income, 

trimester, and multivitamin use, being higher among 

women with income less than 600 JD, women in the third 

trimester, and among women who were using 

multivitamins. The mean of blood Haemoglobin level 

differed significantly according to income, trimester, and 

multivitamin use, being higher among women with income 

less than 600 JD, and women in the first trimester (Table 2). 

 

Table 3 shows the means of haemoglobin and iron among 

women with low and high levels of Pb. Using the 

independent test, the mean haemoglobin and Fe levels did 

not differ significantly between women with low and high 

levels of Pb. Blood Pb levels were not significantly 

correlated with haemoglobin levels (r=-0.025; P=0.747) nor 

with Fe levels (r=0.099; P=0.241). 

 

Table 4 shows the multiple linear regression of the 

association between Pb and other parameters including 

haemoglobin, and Fe. After adjusting for important 

variables, Pb was not significantly associated with 

Haemoglobin (P=0.223) and with Fe (P=0.116). Haemoglobin 

level was correlated significantly with gestational age 

(P<0.005) (Table 4). 

 

Discussion 

Pb exposure remains a public health problem among 

childbearing age women and their developing foetus. High 

Pb level during pregnancy can adversely affect maternal, 

and foetus health.
12,14

 Previous Pb exposures during other 

life stages will be stored, and then bone Pb stores are 

mobilized during periods of pregnancy and breastfeeding 

stage.
15,16

 This, in turn, can result in lasting adverse health 

effects on both the mothers and their infants.
15,16

 

 

This study aimed to determine the correlation of blood lead 

levels with iron levels and haemoglobin levels during 

pregnancy among a sample of Jordanian women. Study 

findings show that Pb blood levels are higher among women 

with income less than 600 JD, women in the third trimester, 

and among women who were using multivitamins. The 

association between high Pb blood levels among low-

incomes mothers could be related to the fact that low-

income pregnant women could hardly maintain a healthy 

lifestyle that includes regular physical activity and having 

https://en.wikipedia.org/wiki/Spectroscopy
https://en.wikipedia.org/wiki/Atoms
https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Wavelengths


 

222 
 

[AMJ 2018;11(4):219-226] 
 

 
the adequate nutrition that increases heavy-metal 

excretion.
17-20

 The reason for increasing the level of Pb 

during third trimester is related to the fact that Pb stored in 

the skeleton released and mobilized during pregnancy 

especially the third trimester. Another study finding 

supports this finding.
21

 Pregnant women on multivitamins 

show a high Pb concentration because vitamins 

supplementation is one of many other materials that are 

containing Pb.
22

 

 

Although Pb was found to be high in most of the pregnant 

women in the current study, haemoglobin level doesn't 

correlate with blood Pb levels. Our finding is consistent with 

other studies.
23,24 

However, findings show that there is a 

decrease in haemoglobin content with increasing blood Pb 

levels.
25-28

 These differences in the results could be related 

to the difference in sample size and in blood lead levels 

recorded in these studies. Also, the differences in age of 

other study participants’ which included children could 

cause the differences in results. 

  

The noticeably high blood Pb levels which were present in 

the participants of the current study could be due to high 

contamination from environmental pollution and the past 

lead exposure that may be mobilized during pregnancy from 

endogenous bone Pb stores that result in elevation in 

maternal blood levels. It has been reported that during 

pregnancy the increased blood Pb is either related to 

endogenous (bone saved), bone Pb stores are mobilized 

during periods of pregnancy, or from previous lead 

pollution.
33

 

 

Anaemia is a health problem among pregnant women, 

which is associated with a decrease in some trace elements 

as Fe and an increase in heavy metals as lead. Concerning Fe 

levels in pregnant women and its relation with blood Pb 

level, our findings using Pearson correlation, showed no 

significant correlation between Pb levels and Fe levels 

(r=0.099, P=0.241). This indicates that Fe does not 

necessarily associate with a change in Pb blood levels as 

some previous studies reported.
8;29,31-33

 

 

Our study finding is similar to many other findings that 

found no association between Fe deficiency and increased 

blood Pb concentrations.
34-37

 However, a study conducted 

on young children showed an association between Fe levels 

and blood Pb levels after taking iron supplementation.
35-39

 

Furthermore, an association between Fe supplementation 

and blood Pb levels in infants with very low blood lead 

concentrations have been observed.
40

 It is possible that the 

difference in study findings is related to differences in the 

age distribution of the study subjects, the assumptions 

used, or the degrees of Pb exposure. Studies show that Fe 

doesn’t necessarily associate with a change in Pb blood 

levels among older female children or adolescents.
38,40

 

 

However, and similar conclusion to our findings was 

reached among adolescent women owing to the 

overshadowing effects of oestrogen on Pb levels.
34,37

 Also, it 

has been concluded that pregnant women have lower blood 

Pb concentrations than men and there is no association 

between high blood Pb levels and Fe deficiency as 

oestrogen promotes bone mineralization and redistributes 

blood Pb into bone in women.
35,38

 

 

Conclusion 

Previous research findings showed an inverse correlation 

between blood Pb levels with Fe and haemoglobin levels 

during pregnancy. However, our finding showed that the 

level of Pb in the blood of pregnant women has no any 

association with haemoglobin and Fe levels during 

pregnancy. This finding is inconsistent with other research 

results which showed that blood Pb level is negatively 

affected the haematological parameters which may 

eventually lead to Fe deficiency anaemia during pregnancy. 

In conclusion, blood Fe level can be well correlated with 

haemoglobin concentration. The decrease in blood Fe level 

leads to the decrease in haemoglobin concentration. 

However, haemoglobin and Fe levels did not differ 

significantly between women with low and high levels of Pb 

which indicates that the level of Pb in the blood of pregnant 

women has no any association with haemoglobin and Fe 

levels. Further studies are needed to elucidate this 

relationship. 
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Table 1: The socio-demographic and relevant characteristics of the participants 

 

Age n % 

<30 92 55.8 

≥30 73 44.2 

Education     

<bachelor degree 68 42.2 

≥bachelor degree 93 57.8 

Income (JDs; 1 JD = 1.04 US $ )     

< 600 101 60.8 

≥600 65 39.2 

Parity     

Primiparous 37 22.4 

02-Mar 87 52.7 

>3 41 24.8 

Trimester     

First 17 10.2 

Second 19 11.4 

Third  131 78.4 

Iron intake/Day 87 52.4 

Multivitamins Intake 68 41 

 

Table 2: The means of haemoglobin, lead, and iron according to the studied characteristics 

 

  Haemoglobin level 
(g/dl) 

  Lead level (µg/dL)   
Iron level 

  
(mg/L) 

  Mean SD P value  Mean SD P value  Mean SD P value 

Age     0.271     0.602     0.618 

<30 10.8 1.7   12.1 3.3   2.3 2.7   

≥30 10.5 1.5   12.4 4.1   2.1 2.6   

Education     0.899     0.667     0.793 

<bachelor 10.6 1.6   12.4 3.9   2.1 2.5   

≥bachelor 10.6 1.6   12.1 3.5   2.3 2.8   

Income     0.020     0.048     0.889 

< 600 10.9* 1.7   11.8* 3.5   2.3 2.8   

≥600 10.3 1.4   12.9 3.7   2.2 2.4   

Parity     0.508     0.246     0.867 

Primiparous 10.9 1.8   12 3   2.4 1.4   

≤3 10.6 1.6   12.6 3.9   2.1 2.8   

>3 10.5 1.6   11.6 3.5   2.4 3.1   

Trimester     <0.005     0.04     0.316 

First 12.2* 2.1   10.3* 1.9   2.1 1.4   

Second 11.4 2   11.6 2.6   1.4 0.7   

Third 10.3 1.3   12.5 3.8   2.4 3   

Multivitamins 
    

0.041 
    

0.048 
    

0.441 

NO 10.9* 1.7   11.7* 3.4   2.4 3   

YES 10.3 1.4   12.9 3.8   2 2   

*Statistically significant (independent t test) 
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Table 3: The differences in the means of haemoglobin and iron between low and high levels of lead 

 

  Lead (µg/dL)   

  <10  ≥10    

 (n=49) (n=118) 

  Mean SD Mean SD P-value * 

Haemoglobin 
level (g/dl) 

10.9 1.7 10.5 1.6 0.149 

Iron level 
(mg/L) 

2.4 3.3 2.2 2.2 0.624 

      
*Independent t test 

 

Table 4: Multiple linear regression of the association between lead and other parameters including haemoglobin and Iron 

 

Dependent 
Variable 

Independent 
variables  

Coefficient 
(B) 

SE (B) 95% confidence interval P-value 

 Hb             

  

Age in years 0 0.02 -0.05 0.05 0.897 

Education  0.15 0.23 -0.31 0.62 0.516 

Income -0.43 0.25 -0.92 0.06 0.082 

Parity  -0.07 0.19 -0.45 0.31 0.712 

Gestational age -0.36 0.06 -0.48 -0.25 <0.005 

Iron intake -0.08 0.28 -0.63 0.47 0.767 

Multivitamins 
use 

-0.42 0.24 -0.9 0.06 0.083 

Lead  0.04 0.03 -0.02 0.1 0.223 

Iron             

  Age in years -0.05 0.05 -0.16 0.06 0.377 

Education  0.36 0.52 -0.67 1.39 0.489 

Income -0.17 0.56 -1.27 0.93 0.76 

Parity  0.23 0.43 -0.62 1.09 0.588 

Gestational age 0.16 0.13 -0.09 0.42 0.209 

Iron intake -0.58 0.62 -1.8 0.64 0.346 

Multivitamins 
use 

-0.9 0.54 -1.98 0.17 0.100 

Lead  0.13 0.08 -0.03 0.29 0.116 

 


