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ABSTRACT 

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the main causes of maternal 

death. The aetiology of GH/PE is still unclear. Exposure to lead is thought to trigger GH/PE through 

oxidative stress mechanisms. Brebes Regency is one of the areas with the highest Maternal Mortality 

Rate (MMR) in Central Java and GH/PE is the main cause. This study aimed to analyse the differences 

in Blood Lead Levels (BLL) in pregnant women with GH/PE and normal pregnant women in the Brebes 

district. Methods: This study used a cross-sectional design. Through selection and application of 

inclusion criteria, 18 subjects were found in the GH/PE group and 46 subjects in the normal pregnancy 

group. Measurement of BLL was carried out using Atomic-absorption spectrometry (AAS). The 

statistical methods used were independent t-test, Mann-Whitney test, Chi-square test, and Odds-Ratio 

(OR) with 95 Confidence Interval (CI). Results and Discussion: The median value and range of BLL 

in the GH/PE group and normal group were 40.20 g/dL (15.50-89.20) and 32.75 g/dL (3.60-42.80) 

respectively (p=0.011). The BLL ≥ 35.15 g/dL proved to be an independent risk factor for GH/PE (Adj-

OR=8.1; 95% CI=1.7-39.0). Lead exposure can increase Reactive Oxygen Species (ROS) production 

which causes oxidative stress and plays a role in the occurrence of endothelial dysfunction and 

increased blood pressure. Conclusion: The BLL in pregnant women with GH/PE are greater than 

normal pregnancies and the BLL in the 'high' category is a risk factor for GH/PE. 

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia 

 

INTRODUCTION 

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days 

of termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to 

accidents or other incidental causes is still a health problem worldwide, especially in developing 

countries. Every day, around 810 women die due to the process of pregnancy or childbirth that they 

undergo (1). In addition to bleeding and infection after delivery, the main cause of maternal death is an 

increase in blood pressure after 20 weeks of gestation, known as gestational hypertension (GH) or pre-

eclampsia (PE) (2,3).  GH is defined as a systolic blood pressure of at least 140 mm Hg and/or a 

diastolic pressure of at least 90 mm Hg on at least two occasions at least 6 hours apart after the 20th 

week of gestation in women known to be normotensive before pregnancy and before 20 weeks 
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ABSTRACT 

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the main causes of maternal 

death. The aetiology of GH/PE is still unclear. Exposure to lead is thought to trigger GH/PE through 

oxidative stress mechanisms. Brebes Regency is one of the areas with the highest Maternal Mortality 

Rate (MMR) in Central Java and GH/PE is the main cause. This study aimed to analyse the differences 

in Blood Lead Levels (BLL) in pregnant women with GH/PE and normal pregnant women in the Brebes 

district. Methods: This study used a cross-sectional design. Through selection and application of 

inclusion criteria, 18 subjects were found in the GH/PE group and 46 subjects in the normal pregnancy 

group. Measurement of BLL was carried out using Atomic-absorption spectrometry (AAS). The 

statistical methods used were independent t-test, Mann-Whitney test, Chi-square test, and Odds-Ratio 

(OR) with 95 Confidence Interval (CI). Results and Discussion: The median value and range of BLL 

in the GH/PE group and normal group were 40.20 g/dL (15.50-89.20) and 32.75 g/dL (3.60-42.80) 

respectively (p=0.011). The BLL ≥ 35.15 g/dL proved to be an independent risk factor for GH/PE (Adj-

OR=8.1; 95% CI=1.7-39.0). Lead exposure can increase Reactive Oxygen Species (ROS) production 

which causes oxidative stress and plays a role in the occurrence of endothelial dysfunction and 

increased blood pressure. Conclusion: The BLL in pregnant women with GH/PE are greater than 

normal pregnancies and the BLL in the 'high' category is a risk factor for GH/PE. 

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia 

 

INTRODUCTION 

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days 

of termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to 

accidents or other incidental causes is still a health problem worldwide, especially in developing 

countries. Every day, around 810 women die due to the process of pregnancy or childbirth that they 

undergo (1). In addition to bleeding and infection after delivery, the main cause of maternal death is an 

increase in blood pressure after 20 weeks of gestation, known as gestational hypertension (GH) or pre-

eclampsia (PE) (2,3).  GH is defined as a systolic blood pressure of at least 140 mm Hg and/or a 

diastolic pressure of at least 90 mm Hg on at least two occasions at least 6 hours apart after the 20th 

week of gestation in women known to be normotensive before pregnancy and before 20 weeks 
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World Health Organization (WHO) recommends calcium supplementation in pregnant women with BLL 

≥ 5µg/dL and inadequate calcium intake (69). Adequate calcium intake during pregnancy will prevent 

the occurrence of disassembly of calcium reserves in the bones (bone decalcification), so that the risk 

of the release of lead in the bones into the circulatory system can also be prevented. Research has 

shown that calcium supplementation during pregnancy is associated with reduced blood lead levels 

(31). High-dose calcium supplementation has also been shown to prevent GH/PE (68,70).  
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CONCLUSION 

The Blood Lead Level (BLL) in pregnant women with Gestational Hypertension/Pre-Eclampsia (GH/PE) 

is greater than normal pregnancies and BLL in the 'high' category is a risk factor for GH/PE. 
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THE DIFFERENCES IN BLOOD LEAD LEVELS IN GESTATIONAL HYPERTENSION OR PRE-

ECLAMPSIA AND NORMAL PREGNANCY  

(STUDY ON PREGNANT WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT) 

 

ABSTRACT 

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the main causes of maternal 

death. The aetiology of GH/PE is still unclear. Exposure to lead is thought to trigger GH/PE through 

oxidative stress mechanisms. Brebes Regency is one of the areas with the highest Maternal Mortality 

Rate (MMR) in Central Java and GH/PE is the main cause. This study aimed to analyse the differences 

in Blood Lead Levels (BLL) in pregnant women with GH/PE and normal pregnant women in the Brebes 

district. Methods: This study used a cross-sectional design. Through selection and application of 

inclusion criteria, 18 subjects were found in the GH/PE group and 46 subjects in the normal pregnancy 

group. Measurement of BLL was carried out using Atomic-absorption spectrometry (AAS). The 

statistical methods used were independent t-test, Mann-Whitney test, Chi-square test, and Odds-Ratio 

(OR) with 95 Confidence Interval (CI). Results and Discussion: The median value and range of BLL 

in the GH/PE group and normal group were 40.20 g/dL (15.50-89.20) and 32.75 g/dL (3.60-42.80) 

respectively (p=0.011). The BLL ≥ 35.15 g/dL proved to be an independent risk factor for GH/PE (Adj-

OR=8.1; 95% CI=1.7-39.0). Lead exposure can increase Reactive Oxygen Species (ROS) production 

which causes oxidative stress and plays a role in the occurrence of endothelial dysfunction and 

increased blood pressure. Conclusion: The BLL in pregnant women with GH/PE are greater than 

normal pregnancies and the BLL in the 'high' category is a risk factor for GH/PE. 

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia 

 

INTRODUCTION 

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days 

of termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to 

accidents or other incidental causes is still a health problem worldwide, especially in developing 

countries. Every day, around 810 women die due to the process of pregnancy or childbirth that they 

undergo (1). In addition to bleeding and infection after delivery, the main cause of maternal death is an 

increase in blood pressure after 20 weeks of gestation, known as gestational hypertension (GH) or pre-
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provide high-dose calcium supplementation (1200 mg/day). Research has shown that calcium 

supplementation can reduce blood lead (BLL) levels (67) and prevent the occurrence of GH/PE (68). 

World Health Organization (WHO) recommends calcium supplementation in pregnant women with BLL 

≥ 5µg/dL and inadequate calcium intake (69). Adequate calcium intake during pregnancy will prevent 

the occurrence of disassembly of calcium reserves in the bones (bone decalcification), so that the risk 

of the release of lead in the bones into the circulatory system can also be prevented. Research has 

shown that calcium supplementation during pregnancy is associated with reduced blood lead levels 

(31). High-dose calcium supplementation has also been shown to prevent GH/PE (68,70).  
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CONCLUSION 

The Blood Lead Level (BLL) in pregnant women with Gestational Hypertension/Pre-Eclampsia (GH/PE) 

is greater than normal pregnancies and BLL in the 'high' category is a risk factor for GH/PE. 
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THE DIFFERENCES IN BLOOD LEAD LEVELS IN GESTATIONAL HYPERTENSION OR PRE-

ECLAMPSIA AND NORMAL PREGNANCY  

(STUDY ON PREGNANT WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT) 

 

ABSTRACT 

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the leading causes of 

maternal death. The etiology of GH/PE is still unclear. Exposure to lead is thought to trigger GH/PE 

through oxidative stress mechanisms. Brebes Regency is one of the areas with the highest Maternal 

Mortality Rate (MMR) in Central Java, and GH/PE is the leading cause. This study aimed to analyze 

the differences in Blood Lead Levels (BLL) in pregnant women with GH/PE and normal pregnant women 

in the Brebes district. Methods: This study used a cross-sectional design. By selecting and applying 

inclusion criteria, found 18 subjects in the GH/PE group and 46 in the normal pregnancy group. 

Measurement of BLL was carried out using Atomic-absorption spectrometry (AAS). The statistical 

methods used were independent t-test, Mann-Whitney test, Chi-square test, risk estimation using Odds-

Ratio (OR) with 95 Confidence Interval (CI), and Rank-Spearman correlation test. Results and 

Discussion: The median value and range of BLL in the GH/PE group and normal group were 40.20 

g/dL (15.50-89.20) and 32.75 g/dL (3.60-42.80), respectively (p=0.011). The BLL ≥ 35.15 g/dL proved 

to be an independent risk factor for GH/PE (Adj-OR=8.1; 95% CI=1.7-39.0). Lead exposure can 

increase Reactive Oxygen Species (ROS) production, which causes oxidative stress and plays a role 

in endothelial dysfunction and increased blood pressure. Conclusion: The BLL in pregnant women 

with GH/PE is higher than normal pregnancies, and the BLL in the 'high' category is a risk factor for 

GH/PE. 

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia 

 

INTRODUCTION 

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days 

of termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to 

accidents or other incidental causes, is still a health problem worldwide, especially in developing 

countries. Every day, around 810 women die due to the process of pregnancy or childbirth that they 

undergo (1). In addition to bleeding and infection after delivery, the leading cause of maternal death is 
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better prevention efforts, BLL screening should be carried out in high-risk women or in the 

preconception period itself, and the calcium supplementation program can be done earlier, starting from 

the 1st trimester of pregnancy.  
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THE DIFFERENCES IN BLOOD LEAD LEVELS IN GESTATIONAL HYPERTENSION OR PRE-

ECLAMPSIA AND NORMAL PREGNANCY  

(STUDY ON PREGNANT WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT) 

 

ABSTRACT 

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the leading causes of 

maternal death. The etiology of GH/PE is still unclear. Exposure to lead is thought to trigger GH/PE 

through oxidative stress mechanisms. Brebes Regency is one of the areas with the highest Maternal 

Mortality Rate (MMR) in Central Java, and GH/PE is the leading cause. This study aimed to analyze 

the differences in Blood Lead Levels (BLL) in pregnant women with GH/PE and normal pregnant women 

in the Brebes district. Methods: This study used a cross-sectional design. By selecting and applying 

inclusion criteria, found 18 subjects in the GH/PE group and 46 in the normal pregnancy group. 

Measurement of BLL was carried out using Atomic-absorption spectrometry (AAS). The statistical 

methods used were independent t-test, Mann-Whitney test, Chi-square test, risk estimation using Odds-

Ratio (OR) with 95 Confidence Interval (CI), and Rank-Spearman correlation test. Results and 

Discussion: The median value and range of BLL in the GH/PE group and normal group were 40.20 

g/dL (15.50-89.20) and 32.75 g/dL (3.60-42.80), respectively (p=0.011). The BLL ≥ 35.15 g/dL proved 

to be an independent risk factor for GH/PE (Adj-OR=8.1; 95% CI=1.7-39.0). Lead exposure can 

increase Reactive Oxygen Species (ROS) production, which causes oxidative stress and plays a role 

in endothelial dysfunction and increased blood pressure. Conclusion: The BLL in pregnant women 

with GH/PE is higher than normal pregnancies, and the BLL in the 'high' category is a risk factor for 

GH/PE. 

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia 

 

INTRODUCTION 

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days 

of termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to 

accidents or other incidental causes, is still a health problem worldwide, especially in developing 

countries. Every day, around 810 women die due to the process of pregnancy or childbirth that they 

undergo (1). In addition to bleeding and infection after delivery, the leading cause of maternal death is 
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THE DIFFERENCES IN BLOOD LEAD LEVELS IN GESTATIONAL HYPERTENSION OR PRE-

ECLAMPSIA AND NORMAL PREGNANCY  

(STUDY ON PREGNANT WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT)[JKL1] 

 

ABSTRACT 

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the leading causes of 

maternal death. The etiology of GH/PE is still unclear. Exposure to lead is thought to trigger GH/PE 

through oxidative stress mechanisms. Brebes Regency is one of the areas with the highest Maternal 

Mortality Rate (MMR) in Central Java, and GH/PE is the leading cause. This study aimed to analyze 

the differences in Blood Lead Levels (BLL) in pregnant women with GH/PE and normal pregnant women 

in the Brebes district. Methods: This study used a cross-sectional design. By selecting and applying 

inclusion criteria, found 18 subjects in the GH/PE group and 46 in the normal pregnancy group. 

Measurement of BLL was carried out using Atomic-absorption spectrometry (AAS). The statistical 

methods used were independent t-test, Mann-Whitney test, Chi-square test, for the risk estimate used 

the calculation of the Odds-Ratio (OR) and 95% Confidence Interval (CI), and Rank-Spearman 

correlation test. Results and Discussion: The median value and range of BLL in the GH/PE group and 

normal group were 40.20 g/dL (15.50-89.20) and 32.75 g/dL (3.60-42.80), respectively (p=0.011). The 

BLL ≥ 35.15 g/dL proved to be an independent risk factor for GH/PE (Adj-OR=8.1; 95% CI=1.7-39.0). 

Lead exposure can increase the production of Reactive Oxygen Species (ROS), which causes  

oxidative stress, and plays a role in endothelial dysfunction and increased blood pressure. Conclusion: 

The BLL in pregnant women with GH/PE is higher than normal pregnancies, and the BLL in the 'high' 

category is a risk factor for GH/PE. 

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia 

 

INTRODUCTION 

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days 

of termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to 

accidents or other incidental causes, is still a health problem worldwide, especially in developing 

countries. Every day, around 810 women die due to the process of pregnancy or childbirth that they 

undergo (1). In addition to bleeding and infection after delivery, the leading cause of maternal death is 



an increase in blood pressure after 20 weeks of gestation, known as gestational hypertension (GH) or 

pre-eclampsia (PE) (2,3).  GH is defined as a systolic blood pressure of at least 140 mm Hg and or a 

diastolic pressure of at least 90 mm Hg on at least two occasions at least 6 hours apart after the 20th 

week of gestation in women known to be normotensive before pregnancy and before 20 weeks 

gestation, when accompanied by proteinuria, it is referred to as PE (4). The data shows GH/PE 

accounts for about 18% of maternal deaths globally, which is around 62,000 to 77,000 deaths per year  

(4,5). 

The pathophysiology of GH/PE is still unclear, but it is strongly suspected that it is due to disturbances 

in the process of placentation in early pregnancy followed by an inflammatory process and progressive 

endothelial damage (6,7). Some of the risk factors for GH/PE that have been widely discussed are 

primiparas, history of hypertension or impaired renal function before pregnancy, history of hypertension 

or GH/PE in previous pregnancies, diabetes, obesity, age over 40 years, multiple pregnancies, family 

history of PE and so on (5,8). Several recent studies have shown that environmental factors have the 

potential to trigger the incidence of GH/PE, including exposure to toxic materials in the environment, 

such as pesticides (9,10) and heavy metals, namely lead or plumbum (Pb) (11,12). The research proves 

that an increase in blood lead levels (BLL) is followed by the rise in blood pressure in pregnant women 

(13),  among others through oxidative stress mechanisms, namely increased Reactive Oxygen Species 

(ROS) (14), which triggers endothelial dysfunction and increased blood pressure (15,16). 

Data from ASEANstats shows that the Maternal Mortality Rate (MMR) in Indonesia in 2014 was still 

relatively high, namely 190/100,000 live births (17) and still far from the Sustainable Development 

Goal’s (SDGs) target of 70/100,000 live births by 2030 (18).  In the South East Asia Region, the MMR 

in Indonesia is only better than Laos and Myanmar (17). Central Java is one of the provinces that 

contributes the largest maternal mortality rate (MMR) in Indonesia (19), which is 76.9/100. 0000 live 

births (20), and is ranked second nationally (19).  

In 2019, Brebes Regency, which is located on the northern coast of Java, is the highest contributor to 

maternal mortality in Central Java, with 37 cases (20). Data from the Brebes Regency Health Office 

shows that one of the main causes of maternal mortality in this area is GH/PE, which is 67.7 percent 

(21). Environmental (pollution) factors, one of which is lead exposure, should be suspected of having 

contributed to the high rate of GH/PE in pregnant women in Brebes district, which may come from 

industrial, transportation, and agricultural activities.   



In everyday life, lead exposure can come from paint or house dust, eating and drinking utensils, 

cosmetics, glass pots, soil and drinking water from lead pipes, faucets, and plumbing fixtures (22). 

Several studies on the north coast of Java have also proven that there are other potential risks of lead 

exposure, namely fish (23), vegetables, especially shallots (24), which are the main agricultural 

commodities in Brebes district. In addition to the industry and transportation activity, the source of lead 

pollution in the north coast of Java is the agricultural activities, and the battery recycling activities in 

these areas (25). This study aimed to analyze the differences in BLL in pregnant women with GH/PE 

and normal pregnant women and to prove that the high BLL are a risk factor for the incidence of GH/PE 

in pregnant women.  

METHODS 

This study was an analytic observational study with a cross-sectional design. The target population is 

all pregnant women on the North Coast of Java. The accessible population was pregnant women who 

were registered at two Community Health Centers (Pusat Kesehatan Masyarakat, Puskesmas) on the 

North coast of Java, Brebes district, in September and October 2017, totaling 275 people. The two 

Puskesmas were chosen because they were the Puskesmas with the highest number of pregnant 

women in these areas. As an effort to control the confounder variables, inclusion criteria were applied 

for the subject, as follows: age 20-35 years, gestational age> 20 weeks, and singleton pregnancy. 

Based on data recorded at the Puskesmas, out of 275 pregnant women, 179 (65.1%) met the inclusion 

criteria, and 24 of them (13.4%) were pregnant women with the systolic blood pressure of 140 mm Hg 

or more, or diastolic blood pressure of 90 mm Hg or more, or both, with or without proteinuria, which 

was then categorized as a 'case' ('GH/PE group'), while out of 155 subjects with normal blood pressure, 

50 subjects were randomly selected as the control group ('normal group'). Of the 24 subjects in the 

GH/PE group, 6 subjects refused to participate in the study, for fear of having a blood draw, while in the 

control group there were 4 subjects who refused to participate for the same reason, so the analysis was 

carried out on 18 subjects in GH/PE group and 46 subjects of the normal group. The flow chart of the 

selection of study subjects can be seen in Figure1. 

The data about an increase in blood pressure (BP) above 140/90 mm Hg after 20 weeks of gestation, 

to determine whether the subjects were in the GH/PE group or the normal pregnancy group, were taken 

from the medical record during the antenatal care (ANC) process at the Puskesmas, where the 



measurements were performed by trained health personnel (midwives). In carrying out the research, 

BP measurements were also carried out (as a cross-check and referred to as current BP) by trained 

research team members, using a Microlife brand digital sphygmomanometer, with three repetitions, and 

averaged automatically. Anthropometric measurements (height and weight) were performed using a 

Seca® 213 stadiometer and a Seca® 813 electric flat scale. 

The measurement of BLL was carried out using the Atomic-absorption spectrometry (AAS) method by 

the GAKY Laboratory, Faculty of Medicine, Diponegoro University. Information about the characteristics 

of the subject (age, the maternal education level, the maternal occupation), the number of times the 

subject has been pregnant (gravida), the family history of hypertension, and the family history of 

diabetes mellitus (DM) were taken by interview using a structured questionnaire. Data were analyzed 

using SPSS version 20 software.  

The statistical methods used were independent t-test, Mann-Whitney test, Chi-square test, for the risk 

estimate used the calculation of the Odds-Ratio (OR) and 95% Confidence Interval (CI), and Rank-

Spearman correlation test. To determine the cut-off value of maternal ages, Body Mass Index (BMI), 

and BLL as predictors/risk factors for GH/PE, the Receiver Operating Characteristic (ROC) curve 

method was used.  The Area Under Curve (AUC), sensitivity and specificity values were used as 

considerations to determine the cut-off value (26). A multivariate logistic regression test using the 

Backward Wald method was used to identify the main risk factors for GH/PE from the three candidate 

variables, maternal age, BMI, and BLL (27). This research activity was approved by the Medical 

Research Ethics Committee of the Faculty of Medicine, Universitas Diponegoro (No. 664/ EC/FK-

RSDK/XI/2017). 

RESULTS 

Even though the inclusion criteria for maternal age were applied (20-35 years old), it turned out that the 

maternal age in the GH/PE group was still higher than the normal group. There was a significant 

difference in maternal ages between GH/PE and normal groups (p-value < 0.001). The data showed 

that with the gestational age and height of the subjects being relatively the same (p-values 0.970 and 

0.747, respectively), however, the BMI in the GH/PE group was higher than in the normal group 

(p=0.018) (Table 1). The results showed there was a significant difference in current BP, systolic and 

diastolic, between the two groups (all p<0.001). For the other characteristics data, i.e., maternal 



education level, gravida, maternal occupation, family history of hypertension, and family history of DM, 

there were no significant differences between the two groups (all p>0.05) 

The Mann-Whitney U-test proved that the BLL in the GH/PE group was higher compared to the normal 

group (p = 0.011). The median value and range of BLL in the GH/PE group and normal were 40.20 g/dL 

(15.50-89.20) and 32.75 g/dL (3.60-42.80) respectively (Figure 2).  

Regarding the differences in maternal age, BMI, and BLL between the GH/PE and the normal groups, 

the cut-off of these three variables was determined using the ROC curve (Figure 3). The results of the 

cut-off determination obtained a value of 31.5 years for maternal age (AUC=0.809; sensitivity=88.9; 

specificity=76.1), 28.4 kg/m2 for BMI (AUC=0.708; sensitivity=72.2; specificity =63.0), and 35.15 µg/dL 

for BLL (AUC=0.707; sensitivity=72.2; specificity=69.6). The results showed there were significant 

relationships between maternal age, BMI, and BLL with the incidence of GH/PE (all of p<0.05) (Table 

2).  

The results of the multivariate logistic regression test using the Backward Wald method showed, two 

variables were the independent risk factors for GH/PE, namely maternal age ≥ 31.5 years and BLL ≥ 

35.15 g/dL (Table 3). To analyze the potential role of the three variables, maternal age, BMI, and BLL 

in increasing blood pressure, a correlation test was conducted between the three variables and the BP 

variables (systolic/diastolic) whose measurements were carried out during the study. The Rank-

Spearman test showed a significant correlation between maternal age and BMI (p<0.001; r=0.442), 

systolic BP (p<0.001; r=0.582), and diastolic BP (p<0.001; r=0.491). Meanwhile, for BLL, although not 

significant, it was positively correlated with BMI (p=0.067; r=0.231), systolic BP (p=0.113; r=0.200), and 

diastolic BP (p=0.224; r=0.154). The results of the Rank-Spearman correlation test are presented in 

Table 4. 

DISCUSSION 

The results showed that the BLL in the GH/PE group was higher than the normal pregnant women 

group and that 'high' BLL (≥ 35.15 µg/dL) was an independent risk factor for GH/PE events. The 

multivariate logistic regression test proved that pregnant women with the BLL ≥ 35.15 µg/dL had eight 

times the risk of developing GH/PE.  Al-Jameil's study in Saudi Arabia got the same results, BLL in PE 

was greater than normal pregnant women (28).  A cohort study in Sweden’s populations showed the 

the exposure to the low-level of lead can increases blood pressure and may increases the risk of 



developing hypertension in 46-67 years old population (29).  The impact of lead exposure on increasing 

blood pressure was also proven by research on car painting workers in Surabaya (30). 

The BLL examination in the study subjects showed very high levels, namely, the median value reached 

40.20 µg/dL in the GH/PE group and 32.75 µg/dL in the normal pregnancy group. This result was lower 

than the study in Nigeria which got a median BLL value in pregnant women of 64.3 µg/dL (31), but 

higher than the study in Saudi Arabia which got the highest BLL in pregnant women with PE below 30.0 

µg/dL (28).  Disha's study in Taiwan got much lower results, 2.38 g/dL in the normal pregnant women 

and 3.42 g/dL in the PE group (12).   

The main source of lead exposure in subjects at the study site, probably came from contamination of 

contaminated food, especially marine products and vegetables. In addition, the mother's involvement 

in agricultural activities also has the potential to increase BLL levels. Research in the agricultural area 

of Brebes district proves that the lead content in soil and vegetables exceeds the allowable threshold 

value (32). Several types of pesticides that are often used in the Brebes shallot farming area have been 

proven to contain lead (33).  

Regarding lead exposure, there is no safe limit for BLL in pregnant women and children (34), so even 

the slightest lead exposure should be avoided. Exposure to lead in small doses but continuously (long 

term), through the respiratory tract (inhalation) and the digestive tract (oral), cause bioaccumulation of 

lead in the body which will be stored in the bones (35). In pregnant women, the need for calcium 

increases, especially to support fetal growth (36,37). When the calcium intake is inadequate, there will 

be a disassembly of calcium reserves in the bones (bone decalcification) and followed by the release 

of lead in the bones, causing the increase of BLL (38,39). The insufficient intake of calcium may be one 

of the causes of the high BLL in pregnant women in the study area.  

GH/PE is a health problem in pregnant women whose pathophysiology is unclear (7,40). One of the 

factors thought to be the cause is oxidative stress (41,42).  Lead exposure can increase Reactive 

Oxygen Species (ROS) production which causes oxidative stress. Oxidative stress plays a role in the 

occurrence of endothelial function disorders and increased blood pressure. The increase in ROS 

causes the Nitric Oxide (NO), which is a vasodilator, to become inactive, thereby increasing intra-arterial 

pressure and lowering NO production (16). The disruption of these three components has the potential 

to increase peripheral vascular resistance, which causes an increase in blood pressure (43).  



Lead exposure can stimulate the sympathetic nervous system through an increase in plasma 

norepinephrine and a downregulation of adrenergic receptors, leading to an increased vasoconstrictive 

response (41). Lead also affects the Na/K-ATPase pump which plays a role in maintaining intracellular 

calcium balance so that lead can affect the sodium gradient and affects sodium/calcium exchanger 

activity, which results in an increase intracellular calcium and increases the smooth muscle cells 

contractility (44).  

Several reviews have shown that pregnant women with GH/PE have low NO levels, increased ROS, 

and endothelial dysfunction (45,46). The proven positive relationship between GH/PE development and 

BLL, coupled with good theoretical (pathogenic) studies suggests that lead exposure contributes to this 

pregnancy complication (11,12).  

In addition, to lead exposure factors, the findings in this study also found other variables that could 

potentially be risk factors for GH/PE, namely maternal age and BMI. The results of the cut-off calculation 

for the age variable show that maternal age > 31.5 years is a risk factor for GH/PE. Das's research 

results prove that maternal age over 35 years is a risk factor for PE (47). While the results of this study 

obtained a younger age limit (31.5 years old), this is probably due to differences related to ethnicity and 

the risk of exposure to toxic substances in the environment. 

Meanwhile, for the BMI variable, information was obtained that the gestational age and maternal height 

were relatively the same in both groups (GH/PE and normal pregnancy), the weight of the subjects in 

the GH/PE group was greater, so that BMI in the GH/PE group was also proven greater than the normal 

pregnant group and the difference was significant. The results of this study prove that BMI > 28.4 

increases the risk of GH/PE. Several studies have shown that the excessive weight gain in pregnant 

women increases the risk of GH/PE (48,49). The excessive weight gain during pregnancy is thought to 

be associated with chronic inflammatory conditions, which lead to increased plasma levels of C-reactive 

protein and inflammatory cytokines (50–52), and a systemic inflammatory response characterized by 

increased ROS that damage endothelium cells in blood vessels resulting in clinical symptoms of GH/PE 

(53,54). 

This study showed a positive correlation between BLL and BMI (Table 4). This finding is similar to the 

results of a study in China that proved BLL was independently associated with BMI in women (55), 

while the other study concluded children whose mothers had elevated BLL (≥5.0μg/dL) were more likely 

to be overweight or obese (56). The mechanism of the increase in BMI due to lead exposure is thought 



to be related to the occurrence of oxidative stress which disrupts endocrine function and body fat 

metabolism (57). Meanwhile, another theory explains the presence of alterations in the hypothalamic-

pituitary-adrenal axis, stress-induced increases in glucocorticoid levels, oxidative stress, and the 

changes in lipid metabolism have been proposed (49).  

Lead is also hematotoxin and interferes with hemoglobin (Hb) synthesis, causing anemia via the 

inhibition of ferrochelatase and δ-aminolaevulinic acid dehydratase (ALAD), the two of many enzymes 

involved in heme biosynthesis (58). Several studies on the impact of lead exposure on the blood system, 

both in adults and children, have been carried out. Research in India proves that BLL in pregnant women 

with anemia is greater than in non-anemic pregnant women (59). In pregnant women, anemia needs to 

be prevented, because it can cause impaired fetal growth, low birth weight or small for gestational age 

(60), and increased risk of maternal and perinatal mortality (61).  

In addition to the impact on pregnant women, including the occurrence of GH/PE, must also be watched 

lead exposure for its impact on the fetus, especially the impact on fetal growth and development (62,63). 

Research proves an increase of 1 µg/dl BLL was associated with changes in birth weight of −9.93 g, 

head circumference -0.03 cm, and crown-heel length -0.05 cm (64).  A systematic review has shown 

that lead exposure is a risk factor for attention deficit hyperactivity disorder (ADHD) in children (65,66). 

Research in Korea revealed that the children with BLL above 2.30 µg/dL were at a 2.5-fold greater risk 

of having ADHD (66). Another study concluded that maternal BLL in late pregnancy < 5mg/dL affects 

the neurodevelopment of children up to 36 months of age (67). These results prove that even in low 

exposure, the toxic nature of lead in children's growth and development needs attention.  

Based on the findings of this study, to reduce maternal mortality, the Ministry of Health needs to take 

into account environmental factors, namely the presence of toxic materials, one of which is lead 

exposure, which can trigger the emergence of GH/PE in pregnant women. In the areas that are at high 

risk of lead exposure (e.g., industrial or agricultural areas), it is necessary to carry out BLL examination 

on pregnant women in the 1st trimester, especially in the age group above 30 years, even earlier 

screening should be carried out, namely to check BLL in women who are planning a pregnancy.  

Calcium supplementation programs for pregnant women also need to be encouraged. Several studies 

have shown that high doses of calcium supplementation (1200 mg/day) can reduce the BLL  in pregnant 

women (68) and prevent the occurrence of GH/PE (69). The World Health Organization (WHO) 

recommends calcium supplementation (1500-2000 mg/day) in pregnant women from 20 weeks’ 



gestation until the end of pregnancy, particularly those at higher risk of gestational hypertension (70).  

WHO also recommends calcium supplementation in pregnant women with BLL ≥ 5µg/dL and 

inadequate calcium intake (71).  

Adequate calcium intake during pregnancy will prevent the occurrence of disassembly of calcium 

reserves in the bones (bone decalcification) so that the risk of the release of lead in the bones into the 

circulatory system can also be prevented.  Calcium intake also plays a role in the mechanism of blood 

pressure regulation by modifying intracellular calcium in vascular smooth muscle cells and by varying 

vascular volume through the renin-angiotensin-aldosterone system. The inadequate calcium intake will 

result in increased the activity of parathyroid gland. The excess parathyroid hormone will increase 

intracellular calcium in vascular smooth muscle, which causes vasoconstriction and increases blood 

pressure (72).  

Theoretically, the best effort to overcome the impact of exposure to toxic substances in the environment 

on public health is to reduce the use of these toxic materials at the source, such as, reducing the use 

of lead in the electronics industry, battery industry, fuel. oil, pesticide, etc. Another effort is to reduce 

the risk of lead exposure by reducing its presence in water, air, soil, food/drink, and objects around us. 

However, implementing some of these alternative solutions is not easy. So, early detection of BLL in 

pre-conception period is the best solution, apart from calcium supplementation. The American College 

of Obstetricians and Gynecologists (ACOG) states that pregnant and lactating women with current or 

previous blood lead levels of 5 µg/dL or higher should receive specific nutritional recommendations 

regarding calcium and iron supplementation (73).   

The limitation of this study is that there is no measurement of oxidative stress parameters, such as 

levels of ROS and NO, or endothelin which can more accurately describe the mechanism of GH/PE 

due to lead exposure. The cross-sectional design used in this study also caused the temporality aspect 

to be uncertain, whether lead exposure occurred before the occurrence of GH/PE. To analyze the 

impact of lead exposure on the health of pregnant women, fetal growth, delivery process, pregnancy 

outcomes, and even the quality of child development, cohort studies starting in the first trimester can 

be considered.   
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THE DIFFERENCES IN BLOOD LEAD LEVELS IN GESTATIONAL HYPERTENSION OR PRE-

ECLAMPSIA AND NORMAL PREGNANCY  

(STUDY ON PREGNANT WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT) 

 

ABSTRACT 

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the leading causes of maternal 

death. The etiology of GH/PE is still unclear. Exposure to lead is thought to trigger GH/PE through oxidative 

stress mechanisms. Brebes Regency is one of the areas with the highest Maternal Mortality Rate (MMR) 

in Central Java, and GH/PE is the leading cause. This study aimed to analyze the differences in Blood Lead 

Levels (BLL) in pregnant women with GH/PE and normal pregnant women in the Brebes district. Methods: 

This study used a cross-sectional design. By selecting and applying inclusion criteria, found 18 subjects in 

the GH/PE group and 46 in the normal pregnancy group. Measurement of BLL was carried out using 

Atomic-absorption spectrometry (AAS). The statistical methods used were independent t-test, Mann-

Whitney test, Chi-square test, for the risk estimate used the calculation of the Odds-Ratio (OR) and 95% 

Confidence Interval (CI), and Rank-Spearman correlation test. Results and Discussion: The median value 

and range of BLL in the GH/PE group and normal group were 40.20 g/dL (15.50-89.20) and 32.75 g/dL 

(3.60-42.80), respectively (p=0.011). The BLL ≥ 35.15 g/dL proved to be an independent risk factor for 

GH/PE (Adj-OR=8.1; 95% CI=1.7-39.0). Lead exposure can increase the production of Reactive Oxygen 

Species (ROS), which causes  oxidative stress, and plays a role in endothelial dysfunction and increased 

blood pressure. Conclusion: The BLL in pregnant women with GH/PE is higher than normal pregnancies, 

and the BLL in the 'high' category is a risk factor for GH/PE. 

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia 

 

INTRODUCTION 

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days of 

termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to accidents 

or other incidental causes, is still a health problem worldwide, especially in developing countries. Every 

day, around 810 women die due to the process of pregnancy or childbirth that they undergo (1). In addition 

to bleeding and infection after delivery, the leading cause of maternal death is an increase in blood pressure 

after 20 weeks of gestation, known as gestational hypertension (GH) or pre-eclampsia (PE) (2,3).  GH is 

defined as a systolic blood pressure of at least 140 mm Hg and or a diastolic pressure of at least 90 mm 

Hg on at least two occasions at least 6 hours apart after the 20th week of gestation in women known to be 

normotensive before pregnancy and before 20 weeks gestation, when accompanied by proteinuria, it is 

referred to as PE (4). The data shows GH/PE accounts for about 18% of maternal deaths globally, which 

is around 62,000 to 77,000 deaths per year  (4,5). 

The pathophysiology of GH/PE is still unclear, but it is strongly suspected that it is due to disturbances in 

the process of placentation in early pregnancy followed by an inflammatory process and progressive 
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THE DIFFERENCES IN BLOOD LEAD LEVELS IN GESTATIONAL HYPERTENSION OR PRE-

ECLAMPSIA AND NORMAL PREGNANCY

(STUDY ON PREGNANT WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT)

ABSTRACT

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the leading causes of maternal

death. The etiology of GH/PE is still unclear. Exposure to lead is thought to trigger GH/PE through oxidative

stress mechanisms. Brebes Regency is one of the areas with the highest Maternal Mortality Rate (MMR)

in Central Java, and GH/PE is the leading cause. This study aimed to analyze the differences in Blood Lead

Levels (BLL) in pregnant women with GH/PE and normal pregnant women in the Brebes district. Methods:

This study used a cross-sectional design. By selecting and applying inclusion criteria, we found 18 subjects

in the case or the GH/PE group, and 46 subjects in the control or normotension group. Measurement of

BLL was carried out using Atomic-absorption spectrometry (AAS). Some of the statistical methods used

were independent t-test, Mann-Whitney test, Chi-square test, for the risk estimate used the calculation of

the Odds-Ratio (OR) and 95% Confidence Interval (CI), multivariate logistic regression test, and Rank-

Spearman correlation test. Results and Discussion: The median value and range of the BLL in the case

and control group were 40.20 g/dL (15.50-89.20) and 32.75 g/dL (3.60-42.80), respectively (p=0.011). The

BLL ≥ 35.15 g/dL proved to be an independent risk factor for GH/PE (Adj-OR=8.1; 95% CI=1.7-39.0). Lead

exposure will increase the production of Reactive Oxygen Species (ROS), resulting in oxidative stress, and

plays a role in endothelial dysfunction and increased the blood pressure. Conclusion: The BLL in pregnant

women with GH/PE is higher than normal pregnancies, and the BLL in the 'high' category is a risk factor for

GH/PE.

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia

INTRODUCTION

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days of

termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to accidents

or other incidental causes, is still a health problem worldwide, especially in developing countries. Every

day, around 810 women die due to the process of pregnancy or childbirth that they undergo (1). In addition

to bleeding and infection after delivery, the leading cause of maternal death is an increase in blood pressure

after 20 weeks of gestation, known as gestational hypertension (GH) or pre-eclampsia (PE) (2,3). GH is a

systolic blood pressure (SBP) of at least 140 mm Hg and or a diastolic blood pressure (DBP) of at least 90

mm Hg after the 20th week of pregnancy, in pregnant women whose blood pressure was normotensive

before pregnancy and until 20 weeks of gestation. If the increase in blood pressure is accompanied by

proteinuria, it is referred to as PE (4). The data shows GH/PE accounts for about 18% of maternal deaths

globally, which is around 62,000 to 77,000 deaths per year (4,5).
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The pathophysiology of GH/PE is still unclear, but it is strongly suspected that it is due to disturbances in

the process of placentation in early pregnancy followed by an inflammatory process and progressive

endothelial damage (6,7). Some of the risk factors for GH/PE that have been widely discussed are

primiparas, history of hypertension or impaired renal function before pregnancy, history of hypertension or

GH/PE in previous pregnancies, diabetes, obesity, age over 40 years, multiple pregnancies, family history

of PE and so on (5,8). Several recent studies have shown that environmental factors have the potential to

trigger the incidence of GH/PE, including exposure to toxic materials in the environment, such as pesticides

(9,10) and heavy metals, namely lead or plumbum (Pb) (11,12). The research proves that an increase in

blood lead levels (BLL) is followed by the rise in blood pressure in pregnant women (13), among others

through oxidative stress mechanisms, namely increased Reactive Oxygen Species (ROS) (14), which

triggers endothelial dysfunction and increased blood pressure (15,16).

Data from ASEANstats shows that the Maternal Mortality Rate (MMR) in Indonesia in 2014 was still

relatively high, namely 190/100,000 live births (17) and still far from the Sustainable Development Goal’s

(SDGs) target of 70/100,000 live births by 2030 (18).  In the South East Asia Region, the MMR in Indonesia

is only better than Laos and Myanmar (17). Central Java is one of the provinces that contributes the largest

maternal mortality rate (MMR) in Indonesia (19), which is 76.9/100. 0000 live births (20), and is ranked

second nationally (19).

In 2019, Brebes Regency, which is located on the northern coast of Java, is the highest contributor to

maternal mortality in Central Java, with 37 cases (20). Data from the Brebes Regency Health Office shows

that one of the main causes of maternal mortality in this area is GH/PE, which is 67.7 percent (21).

Environmental (pollution) factors, one of which is lead exposure, should be suspected of having contributed

to the high rate of GH/PE in pregnant women in Brebes district, which may come from industrial,

transportation, and agricultural activities.

In everyday life, lead exposure can come from paint or house dust, eating and drinking utensils, cosmetics,

glass pots, soil and drinking water from lead pipes, faucets, and plumbing fixtures (22). Several studies on

the north coast of Java have also proven that there are other potential risks of lead exposure, namely fish

(23), vegetables, especially shallots (24), which are the main agricultural commodities in Brebes district. In

addition to the industry and transportation activity, the source of lead pollution in the north coast of Java is

the agricultural activities, and the battery recycling activities in these areas (25). This study aimed to analyze

the differences in BLL in pregnant women with GH/PE and normal pregnant women and to prove that the

high BLL are a risk factor for the incidence of GH/PE in pregnant women.

METHODS

This study was an analytic observational study with a cross-sectional design. The target population is all

pregnant women on the North Coast of Java. The accessible population was pregnant women who were

registered at two Community Health Centers (Pusat Kesehatan Masyarakat, Puskesmas) on the North

coast of Java, Brebes district, in September and October 2017, totaling 275 people. The two Puskesmas



were chosen because they were the Puskesmas with the highest number of pregnant women in these

areas. As an effort to control the confounder variables, inclusion criteria were applied for the subject, as

follows: age 20-35 years, gestational age> 20 weeks, and singleton pregnancy.

Based on data recorded at the Puskesmas, out of 275 pregnant women, 179 (65.1%) met the inclusion

criteria, and 24 of them (13.4%) were pregnant women with the systolic blood pressure (SBP) of 140 mm

Hg or more, or diastolic blood pressure (DBP) of 90 mm Hg or more, or both, with or without proteinuria,

which was then categorized as a case (GH/PE) group, while out of 155 subjects with normotensive, 50

subjects were randomly selected as the control (normotensive) group. Of the 24 subjects in the GH/PE

group, 6 subjects refused to participate in the study, for fear of having a blood draw, while in the control

group there were 4 subjects who refused to participate for the same reason, so the analysis was carried

out on 18 subjects in GH/PE group and 46 subjects of the normal group. The flow chart of the selection of

study subjects can be seen in Figure1.

The data about an increase in blood pressure (BP) above 140/90 mm Hg after 20 weeks of gestation, to

determine whether the subjects were in the GH/PE group or the normal pregnancy group, were taken from

the medical record during the antenatal care (ANC) process at the Puskesmas, where the measurements

were performed by trained health personnel (midwives). In carrying out the research, BP measurements

were also carried out (as a cross-check and referred to as current BP) by trained research team members,

using a Microlife brand digital sphygmomanometer, with three repetitions, and averaged automatically.

Anthropometric measurements (height and weight) were performed using a Seca® 213 stadiometer and a

Seca® 813 electric flat scale.

The measurement of BLL was carried out using the Atomic-absorption spectrometry (AAS) method by the

GAKY Laboratory, Faculty of Medicine, Diponegoro University. Information about the characteristics of the

subject (age, the maternal education level, the maternal occupation), the number of times the subject has

been pregnant (gravida), the family history of hypertension, and the family history of diabetes mellitus (DM)

were taken by interview using a structured questionnaire. Data were analyzed using SPSS version 20

software.

Some of the statistical methods used were independent t-test, Mann-Whitney test, Chi-square test, for the

risk estimate used the calculation of the Odds-Ratio (OR) and 95% Confidence Interval (CI), multivariate

logistic regression test, and Rank-Spearman correlation test. To determine the cut-off value of maternal

ages, Body Mass Index (BMI), and BLL as predictors/risk factors for GH/PE, the Receiver Operating

Characteristic (ROC) curve method was used. The Area Under Curve (AUC), sensitivity and specificity

values were used as considerations to determine the cut-off value (26). A multivariate logistic regression

test using the Backward Wald method was used to identify the main risk factors for GH/PE from the three

candidate variables, maternal age, BMI, and BLL (27). This research activity was approved by the Medical

Research Ethics Committee of the Faculty of Medicine, Universitas Diponegoro (No. 664/ EC/FK-

RSDK/XI/2017).

RESULTS



Even though the inclusion criteria for maternal age were applied (20-35 years old), it turned out that the

maternal age in the GH/PE group was still higher than the normal group. There was a significant difference

in maternal ages between GH/PE and normal groups (p-value < 0.001). The data showed that with the

gestational age and height of the subjects being relatively the same (p-values 0.970 and 0.747,

respectively), however, the BMI in the case (GH/PE) group was higher than the control (normotensive)

group (p=0.018) (Table 1). The results showed there was a significant difference in current BP, systolic and

diastolic, between the case and control groups (all of p < 0.001). For the other characteristics data, i.e.,

maternal education level, gravida, maternal occupation, family history of hypertension, and family history of

DM, there were no significant differences between the two groups (all p>0.05)

The Mann-Whitney U-test proved that the BLL in the case group was higher compared to the control group

(p = 0.011). The median value and range of BLL in the case and control group were 40.20 g/dL (15.50-

89.20) and 32.75 g/dL (3.60-42.80) respectively (Figure 2).

Regarding the differences in maternal age, BMI, and BLL between the GH/PE and the normal groups, the

cut-off of these three variables was determined using the ROC curve (Figure 3). The results of the cut-off

determination obtained a value of 31.5 years for maternal age (AUC=0.809; sensitivity=88.9;

specificity=76.1), 28.4 kg/m2 for BMI (AUC=0.708; sensitivity=72.2; specificity=63.0), and 35.15 µg/dL for

BLL (AUC=0.707; sensitivity=72.2; specificity=69.6). The results showed there were significant

relationships between maternal age, BMI, and BLL with the incidence of GH/PE (all of p < 0.05) (Table 2).

The results of the multivariate logistic regression test using the Backward Wald method showed, two

variables were the independent risk factors for GH/PE, namely maternal age ≥ 31.5 years and BLL ≥ 35.15

g/dL (Table 3). To analyze the potential role of the three variables, maternal age, BMI, and BLL in increasing

blood pressure, a correlation test was conducted between the three variables and the BP variables

(systolic/diastolic) whose measurements were carried out during the study. The Rank-Spearman test

showed a significant correlation between maternal age and BMI (p < 0.001; r=0.442), maternal age and

SBP (p<0.001; r=0.582), and maternal age and DBP (p<0.001; r=0.491). Meanwhile, for BLL, although not

significant, it was positively correlated with BMI (p=0.067; r=0.231), SBP (p = 0.113; r=0.200), and DBP

(p=0.224; r=0.154). The results of the Rank-Spearman correlation test are presented in Table 4.

DISCUSSION

The results showed that the BLL in the case (GH/PE) group was higher than the normotensive pregnant

women group and the 'high' BLL (≥ 35.15 µg/dL) was an independent risk factor for the incidence of GH/PE.

The multivariate logistic regression test proved that pregnant women with the BLL ≥ 35.15 µg/dL had eight

times the risk of developing GH/PE. Al-Jameil's study in Saudi Arabia got the same results, BLL in PE was

greater than normal pregnant women (28). A cohort study in Sweden’s populations showed the exposure

to the low-level of lead can increases blood pressure and may increases the risk of developing hypertension

in 46-67 years old population (29). The impact of lead exposure on increasing blood pressure was also

proven by research on car painting workers in Surabaya (30).



The BLL examination in the study subjects showed very high levels, namely, the median value reached

40.20 µg/dL in the GH/PE group and 32.75 µg/dL in the normal pregnancy group. This result was lower

than the study in Nigeria which got a median BLL value in pregnant women of 64.3 µg/dL (31), but higher

than the study in Saudi Arabia which got the highest BLL in pregnant women with PE below 30.0 µg/dL

(28). Disha's study in Taiwan got much lower results, 2.38 g/dL in the normal pregnant women and 3.42

g/dL in the PE group (12).

The main source of lead exposure in subjects at the study site, probably came from contamination of

contaminated food, especially marine products and vegetables. In addition, the mother's involvement in

agricultural activities also has the potential to increase BLL levels. Research in the agricultural area of

Brebes district proves that the lead content in soil and vegetables exceeds the allowable threshold value

(32). Several types of pesticides that are often used in the Brebes shallot farming area have been proven

to contain lead (33).

Regarding lead exposure, there is no safe limit for BLL in pregnant women and children (34), so even the

slightest lead exposure should be avoided. Exposure to lead in small doses but continuously (long term),

through the respiratory tract (inhalation) and the digestive tract (oral), cause bioaccumulation of lead in the

body which will be stored in the bones (35). In pregnant women, the need for calcium increases, especially

to support fetal growth (36,37). When the calcium intake is inadequate, there will be a disassembly of

calcium reserves in the bones (bone decalcification) and followed by the release of lead in the bones,

causing the increase of BLL (38,39). The insufficient intake of calcium may be one of the causes of the high

BLL in pregnant women in the location of study.

GH/PE is a health problem in pregnant women whose pathophysiology is unclear (7,40). One of the factors

thought to be the cause is oxidative stress (41,42). Lead exposure causes an increase in the production

of Reactive Oxygen Species (ROS) which triggers the oxidative stress. Oxidative stress plays a role in the

occurrence of endothelial function disorders and increased blood pressure. The increase in ROS causes

the Nitric Oxide (NO), which is a vasodilator, to become inactive, thereby increasing intra-arterial pressure

and lowering NO production (16). The presence of disturbances in these three components causes an

increase in peripheral vascular resistance so that blood pressure increases (43).

The experimental studies in animals have shown that lead exposure can increase plasma norepinephrine

and downregulate adrenergic receptors thereby stimulating the sympathetic nervous system, leading to an

increased vasoconstrictive response (41). Lead also interfere with the function of the Na/K-ATPase pump

which plays a role in maintaining intracellular calcium balance so that lead can affect the sodium gradient

and affect the activity of the sodium/calcium exchanger, which results in an increase intracellular calcium

and increases the smooth muscle cells contractility (44).

Several reviews have shown that pregnant women with GH/PE have low NO levels, increased ROS, and

endothelial dysfunction (45,46). The proven positive relationship between GH/PE development and BLL,

coupled with good theoretical (pathogenic) studies suggests that lead exposure contributes to this

pregnancy complication (11,12).



In addition, to lead exposure factors, the findings in this study also found other variables that could

potentially be risk factors for GH/PE, namely maternal age and BMI. The results of the cut-off calculation

for the age variable show that maternal age > 31.5 years is a risk factor for GH/PE. Das's research results

prove that maternal age over 35 years is a risk factor for PE (47). While the results of this study obtained a

younger age limit (31.5 years old), this is probably due to differences related to ethnicity and the risk of

exposure to toxic substances in the environment.

Meanwhile, for the BMI variable, information was obtained that the gestational age and maternal height

were relatively the same in both groups (GH/PE and normal pregnancy), the weight of the subjects in the

case (GH/PE) group was greater, so that BMI in the case group was also proven greater than the normal

pregnant group and the difference was significant. The results of this study prove that BMI > 28.4 increases

the risk of GH/PE. Several studies have shown that the excessive weight gain in pregnant women increases

the risk of GH/PE (48,49). The excessive weight gain during pregnancy is thought to be associated with

chronic inflammatory conditions, which causes an increase in plasma levels of C-reactive protein and

inflammatory cytokines (50–52), and a systemic inflammatory response characterized by increased ROS

that damage endothelium cells in blood vessels resulting in clinical symptoms of GH/PE (53,54).

This study showed a positive correlation between BLL and BMI (Table 4). This finding is similar to the

results of a study in China that proved BLL was independently associated with BMI in women (55), while

the other study concluded children whose mothers had elevated BLL (≥5.0μg/dL) were more likely to be

overweight or obese (56). The mechanism of the increase in BMI due to lead exposure is thought to be

related to the occurrence of oxidative stress which disrupts endocrine function and body fat metabolism

(57). Meanwhile, another theory explains the presence of alterations in the hypothalamic-pituitary-adrenal

axis, stress-induced increases in glucocorticoid levels, oxidative stress, and the changes in lipid metabolism

have been proposed (49).

Lead is also hematotoxin and interferes with hemoglobin (Hb) synthesis, causing anemia via the inhibition

of ferrochelatase and δ-aminolaevulinic acid dehydratase (ALAD), the two of many enzymes involved in

heme biosynthesis (58). Several studies on the impact of lead exposure on the blood system, both in adults

and children, have been carried out. Research in India proves that BLL in pregnant women with anemia is

greater than in non-anemic pregnant women (59). In pregnant women, anemia needs to be prevented,

because it can cause impaired fetal growth, low birth weight or small for gestational age (60), and increased

risk of maternal and perinatal mortality (61).

In addition to the impact on pregnant women, including the occurrence of GH/PE, must also be watched

lead exposure for its impact on the fetus, especially the impact on fetal growth and development (62,63).

Research proves an increase of 1 µg/dl BLL was associated with changes in birth weight of −9.93 g, head

circumference -0.03 cm, and crown-heel length -0.05 cm (64). A systematic review has shown that lead

exposure is a risk factor for attention deficit hyperactivity disorder (ADHD) in children (65,66). Research in

Korea revealed that the children with BLL above 2.30 µg/dL were at a 2.5-fold greater risk of having ADHD

(66). Another study concluded that maternal BLL in late pregnancy < 5mg/dL affects the neurodevelopment



of children up to 36 months of age (67). These results prove that even in low exposure, the toxic nature of

lead in children's growth and development needs attention.

Based on the findings of this study, to reduce maternal mortality, the Ministry of Health needs to take into

account environmental factors, namely the presence of toxic materials, one of which is lead exposure,

which can trigger the emergence of GH/PE in pregnant women. In the areas that are at high risk of lead

exposure (e.g., industrial or agricultural areas), it is necessary to carry out BLL examination on pregnant

women in the 1st trimester, especially in the age group above 30 years, even earlier screening should be

carried out, namely to check BLL in women who are planning a pregnancy.

Calcium supplementation programs for pregnant women also need to be encouraged. Several studies have

shown that high doses of calcium supplementation (1200 mg/day) can reduce the BLL in pregnant women

(68) and prevent the occurrence of GH/PE (69). The World Health Organization (WHO) recommends

calcium supplementation (1500-2000 mg/day) in pregnant women from 20 weeks gestation until the end of

pregnancy, especially those who are at high risk of developing gestational hypertension (70). WHO also

recommends calcium supplementation in pregnant women with BLL ≥ 5µg/dL and inadequate calcium

intake (71).

Adequate calcium intake during pregnancy will prevent the occurrence of disassembly of calcium reserves

in the bones (bone decalcification) so that the risk of the release of lead in the bones into the circulatory

system can also be prevented. Calcium intake also plays a role in the mechanism of blood pressure

regulation, namely by modifying calcium in vascular smooth muscle cells and by regulating blood vessel

volume through the renin-angiotensin-aldosterone system. The inadequate intake of calcium will result in

increased the activity of the parathyroid gland. The excess parathyroid hormone will increase intracellular

calcium in vascular smooth muscle, which causes vasoconstriction and increases blood pressure (72).

Theoretically, the best effort to overcome the impact of exposure to toxic substances in the environment on

public health is to reduce the use of these toxic materials at the source, such as, reducing the use of lead

in the electronics industry, battery industry, fuel. oil, pesticide, etc. Another effort is to reduce the risk of

lead exposure by reducing its presence in water, air, soil, food/drink, and objects around us. However,

implementing some of these alternative solutions is not easy. So, early detection of BLL in pre-conception

period is the best solution, apart from calcium supplementation. The American College of Obstetricians and

Gynecologists (ACOG) states that pregnant and lactating women with current or previous BLL of 5 µg/dL

or higher should get the intervention related to nutritional intake, especially calcium and iron

supplementation (73).

The limitation of this study is that there is no measurement of oxidative stress parameters, such as levels

of ROS and NO, or endothelin which can more accurately describe the mechanism of GH/PE due to lead

exposure. The cross-sectional design used in this study also caused the temporality aspect to be uncertain,

whether lead exposure occurred before the occurrence of GH/PE. To analyze the impact of lead exposure

on the health of pregnant women, fetal growth, delivery process, pregnancy outcomes, and even the quality

of child development, cohort studies starting in the first trimester can be considered.
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ABSTRACT 

1. "The etiology of GH/PE is still unclear" → I think you should clarify the meaning of this sentence 
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THE DIFFERENCES IN BLOOD LEAD LEVELS IN GESTATIONAL HYPERTENSION OR PRE-1 

ECLAMPSIA AND NORMAL PREGNANCY  2 

(STUDY ON PREGNANT WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT) 3 

 4 

ABSTRACT 5 

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the leading causes of 6 

maternal death. The etiology of GH/PE is still unclear. Exposure to lead is thought to trigger GH/PE 7 

through oxidative stress mechanisms. Brebes Regency is one of the areas with the highest Maternal 8 

Mortality Rate (MMR) in Central Java, and GH/PE is the leading cause. This study aimed to analyze 9 

the differences in Blood Lead Levels (BLL) in pregnant women with GH/PE and normal pregnant women 10 

in the Brebes district. Methods: This study used a cross-sectional design. By selecting and applying 11 

inclusion criteria, we found 18 subjects in the case or the GH/PE group, and 46 subjects in the control 12 

or normotension group. Measurement of BLL was carried out using Atomic-absorption spectrometry 13 

(AAS). Some of the statistical methods used were independent t-test, Mann-Whitney test, Chi-square 14 

test, for the risk estimate used the calculation of the Odds-Ratio (OR) and 95% Confidence Interval 15 

(CI), multivariate logistic regression test, and Rank-Spearman correlation test. Results and 16 

Discussion: The median value and range of the BLL in the case and control group were 40.20 g/dL 17 

(15.50-89.20) and 32.75 g/dL (3.60-42.80), respectively (p=0.011). The BLL ≥ 35.15 g/dL proved to be 18 

an independent risk factor for GH/PE (Adj-OR=8.1; 95% CI=1.7-39.0). Lead exposure will increase the 19 

production of Reactive Oxygen Species (ROS), resulting in oxidative stress, and plays a role in 20 

endothelial dysfunction and increased the blood pressure. Conclusion: The BLL in pregnant women 21 

with GH/PE is higher than normal pregnancies, and the BLL in the 'high' category is a risk factor for 22 

GH/PE. 23 

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia 24 

 25 

INTRODUCTION 26 

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days 27 

of termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to 28 

accidents or other incidental causes, is still a health problem worldwide, especially in developing 29 

countries. Every day, around 810 women die due to the process of pregnancy or childbirth that they 30 



undergo (1). In addition to bleeding and infection after delivery, the leading cause of maternal death is 31 

an increase in blood pressure after 20 weeks of gestation, known as gestational hypertension (GH) or 32 

pre-eclampsia (PE) (2,3).  GH is a systolic blood pressure (SBP) of at least 140 mm Hg and or a diastolic 33 

blood pressure (DBP) of at least 90 mm Hg after the 20th week of pregnancy, in pregnant women whose 34 

blood pressure was normotensive before pregnancy and until 20 weeks of gestation. If the increase in 35 

blood pressure is accompanied by proteinuria, it is referred to as PE (4). The data shows GH/PE 36 

accounts for about 18% of maternal deaths globally, which is around 62,000 to 77,000 deaths per year  37 

(4,5). 38 

The pathophysiology of GH/PE is still unclear, but it is strongly suspected that it is due to disturbances 39 

in the process of placentation in early pregnancy followed by an inflammatory process and progressive 40 

endothelial damage (6,7). Some of the risk factors for GH/PE that have been widely discussed are 41 

primiparas, history of hypertension or impaired renal function before pregnancy, history of hypertension 42 

or GH/PE in previous pregnancies, diabetes, obesity, age over 40 years, multiple pregnancies, family 43 

history of PE and so on (5,8). Several recent studies have shown that environmental factors have the 44 

potential to trigger the incidence of GH/PE, including exposure to toxic materials in the environment, 45 

such as pesticides (9,10) and heavy metals, namely lead or plumbum (Pb) (11,12). The research proves 46 

that an increase in blood lead levels (BLL) is followed by the rise in blood pressure in pregnant women 47 

(13),  among others through oxidative stress mechanisms, namely increased Reactive Oxygen Species 48 

(ROS) (14), which triggers endothelial dysfunction and increased blood pressure (15,16). 49 

Data from ASEANstats shows that the Maternal Mortality Rate (MMR) in Indonesia in 2014 was still 50 

relatively high, namely 190/100,000 live births (17) and still far from the Sustainable Development 51 

Goal’s (SDGs) target of 70/100,000 live births by 2030 (18).  In the South East Asia Region, the MMR 52 

in Indonesia is only better than Laos and Myanmar (17). Central Java is one of the provinces that 53 

contributes the largest maternal mortality rate (MMR) in Indonesia (19), which is 76.9/100. 0000 live 54 

births (20), and is ranked second nationally (19).  55 

In 2019, Brebes Regency, which is located on the northern coast of Java, is the highest contributor to 56 

maternal mortality in Central Java, with 37 cases (20). Data from the Brebes Regency Health Office 57 

shows that one of the main causes of maternal mortality in this area is GH/PE, which is 67.7 percent 58 

(21). Environmental (pollution) factors, one of which is lead exposure, should be suspected of having 59 



contributed to the high rate of GH/PE in pregnant women in Brebes district, which may come from 60 

industrial, transportation, and agricultural activities.   61 

In everyday life, lead exposure can come from paint or house dust, eating and drinking utensils, 62 

cosmetics, glass pots, soil and drinking water from lead pipes, faucets, and plumbing fixtures (22). 63 

Several studies on the north coast of Java have also proven that there are other potential risks of lead 64 

exposure, namely fish (23), vegetables, especially shallots (24), which are the main agricultural 65 

commodities in Brebes district. In addition to the industry and transportation activity, the source of lead 66 

pollution in the north coast of Java is the agricultural activities, and the battery recycling activities in 67 

these areas (25). This study aimed to analyze the differences in BLL in pregnant women with GH/PE 68 

and normal pregnant women and to prove that the high BLL are a risk factor for the incidence of GH/PE 69 

in pregnant women.  70 

METHODS 71 

This study was an analytic observational study with a cross-sectional design. The target population is 72 

all pregnant women on the North Coast of Java. The accessible population was pregnant women who 73 

were registered at two Community Health Centers (Pusat Kesehatan Masyarakat, Puskesmas) on the 74 

North coast of Java, Brebes district, in September and October 2017, totaling 275 people. The two 75 

Puskesmas were chosen because they were the Puskesmas with the highest number of pregnant 76 

women in these areas. As an effort to control the confounder variables, inclusion criteria were applied 77 

for the subject, as follows: age 20-35 years, gestational age> 20 weeks, and singleton pregnancy. 78 

Based on data recorded at the Puskesmas, out of 275 pregnant women, 179 (65.1%) met the inclusion 79 

criteria, and 24 of them (13.4%) were pregnant women with the systolic blood pressure (SBP)  of 140 80 

mm Hg or more, or diastolic blood pressure (DBP) of 90 mm Hg or more, or both, with or without 81 

proteinuria, which was then categorized as a case (GH/PE) group, while out of 155 subjects with 82 

normotensive, 50 subjects were randomly selected as the control (normotensive) group. Of the 24 83 

subjects in the GH/PE group, 6 subjects refused to participate in the study, for fear of having a blood 84 

draw, while in the control group there were 4 subjects who refused to participate for the same reason, 85 

so the analysis was carried out on 18 subjects in GH/PE group and 46 subjects of the normal group. 86 

The flow chart of the selection of study subjects can be seen in Figure1. 87 



The data about an increase in blood pressure (BP) above 140/90 mm Hg after 20 weeks of gestation, 88 

to determine whether the subjects were in the GH/PE group or the normal pregnancy group, were taken 89 

from the medical record during the antenatal care (ANC) process at the Puskesmas, where the 90 

measurements were performed by trained health personnel (midwives). In carrying out the research, 91 

BP measurements were also carried out (as a cross-check and referred to as current BP) by trained 92 

research team members, using a Microlife brand digital sphygmomanometer, with three repetitions, and 93 

averaged automatically. Anthropometric measurements (height and weight) were performed using a 94 

Seca® 213 stadiometer and a Seca® 813 electric flat scale. 95 

The measurement of BLL was carried out using the Atomic-absorption spectrometry (AAS) method by 96 

the GAKY Laboratory, Faculty of Medicine, Diponegoro University. Information about the characteristics 97 

of the subject (age, the maternal education level, the maternal occupation), the number of times the 98 

subject has been pregnant (gravida), the family history of hypertension, and the family history of 99 

diabetes mellitus (DM) were taken by interview using a structured questionnaire. Data were analyzed 100 

using SPSS version 20 software.  101 

Some of the statistical methods used were independent t-test, Mann-Whitney test, Chi-square test, for 102 

the risk estimate used the calculation of the Odds-Ratio (OR) and 95% Confidence Interval (CI), 103 

multivariate logistic regression test, and Rank-Spearman correlation test. To determine the cut-off value 104 

of maternal ages, Body Mass Index (BMI), and BLL as predictors/risk factors for GH/PE, the Receiver 105 

Operating Characteristic (ROC) curve method was used.  The Area Under Curve (AUC), sensitivity and 106 

specificity values were used as considerations to determine the cut-off value (26). A multivariate logistic 107 

regression test using the Backward Wald method was used to identify the main risk factors for GH/PE 108 

from the three candidate variables, maternal age, BMI, and BLL (27). This research activity was 109 

approved by the Medical Research Ethics Committee of the Faculty of Medicine, Universitas 110 

Diponegoro (No. 664/ EC/FK-RSDK/XI/2017). 111 

RESULTS 112 

Even though the inclusion criteria for maternal age were applied (20-35 years old), it turned out that the 113 

maternal age in the GH/PE group was still higher than the normal group. There was a significant 114 

difference in maternal ages between GH/PE and normal groups (p-value < 0.001). The data showed 115 

that with the gestational age and height of the subjects being relatively the same (p-values 0.970 and 116 

0.747, respectively), however, the BMI in the case (GH/PE) group was higher than the control 117 



(normotensive) group (p=0.018) (Table 1). The results showed there was a significant difference in 118 

current BP, systolic and diastolic, between the case and control groups (all of p < 0.001). For the other 119 

characteristics data, i.e., maternal education level, gravida, maternal occupation, family history of 120 

hypertension, and family history of DM, there were no significant differences between the two groups 121 

(all p>0.05) 122 

The Mann-Whitney U-test proved that the BLL in the case group was higher compared to the control 123 

group (p = 0.011). The median value and range of BLL in the case and control group were 40.20 g/dL 124 

(15.50-89.20) and 32.75 g/dL (3.60-42.80) respectively (Figure 2).  125 

Regarding the differences in maternal age, BMI, and BLL between the GH/PE and the normal groups, 126 

the cut-off of these three variables was determined using the ROC curve (Figure 3). The results of the 127 

cut-off determination obtained a value of 31.5 years for maternal age (AUC=0.809; sensitivity=88.9; 128 

specificity=76.1), 28.4 kg/m2 for BMI (AUC=0.708; sensitivity=72.2; specificity=63.0), and 35.15 µg/dL 129 

for BLL (AUC=0.707; sensitivity=72.2; specificity=69.6). The results showed there were significant 130 

relationships between maternal age, BMI, and BLL with the incidence of GH/PE (all of p < 0.05) (Table 131 

2).  132 

The results of the multivariate logistic regression test using the Backward Wald method showed, two 133 

variables were the independent risk factors for GH/PE, namely maternal age ≥ 31.5 years and BLL ≥ 134 

35.15 g/dL (Table 3). To analyze the potential role of the three variables, maternal age, BMI, and BLL 135 

in increasing blood pressure, a correlation test was conducted between the three variables and the BP 136 

variables (systolic/diastolic) whose measurements were carried out during the study. The Rank-137 

Spearman test showed a significant correlation between maternal age and BMI (p < 0.001; r=0.442), 138 

maternal age and SBP (p<0.001; r=0.582), and maternal age and DBP (p<0.001; r=0.491). Meanwhile, 139 

for BLL, although not significant, it was positively correlated with BMI (p=0.067; r=0.231), SBP (p = 140 

0.113; r=0.200), and DBP (p=0.224; r=0.154). The results of the Rank-Spearman correlation test are 141 

presented in Table 4. 142 

DISCUSSION 143 

The results showed that the BLL in the case (GH/PE) group was higher than the normotensive pregnant 144 

women group and the 'high' BLL (≥ 35.15 µg/dL) was an independent risk factor for the incidence of 145 

GH/PE. The multivariate logistic regression test proved that pregnant women with the BLL ≥ 35.15 146 

µg/dL had eight times the risk of developing GH/PE.  Al-Jameil's study in Saudi Arabia got the same 147 



results, BLL in PE was greater than normal pregnant women (28).  A cohort study in Sweden’s 148 

populations showed the exposure to the low-level of lead can increases blood pressure and may 149 

increases the risk of developing hypertension in 46-67 years old population (29).  The impact of lead 150 

exposure on increasing blood pressure was also proven by research on car painting workers in 151 

Surabaya (30). 152 

The BLL examination in the study subjects showed very high levels, namely, the median value reached 153 

40.20 µg/dL in the GH/PE group and 32.75 µg/dL in the normal pregnancy group. This result was lower 154 

than the study in Nigeria which got a median BLL value in pregnant women of 64.3 µg/dL (31), but 155 

higher than the study in Saudi Arabia which got the highest BLL in pregnant women with PE below 30.0 156 

µg/dL (28).  Disha's study in Taiwan got much lower results, 2.38 g/dL in the normal pregnant women 157 

and 3.42 g/dL in the PE group (12).   158 

The main source of lead exposure in subjects at the study site, probably came from contamination of 159 

contaminated food, especially marine products and vegetables. In addition, the mother's involvement 160 

in agricultural activities also has the potential to increase BLL levels. Research in the agricultural area 161 

of Brebes district proves that the lead content in soil and vegetables exceeds the allowable threshold 162 

value (32). Several types of pesticides that are often used in the Brebes shallot farming area have been 163 

proven to contain lead (33).  164 

Regarding lead exposure, there is no safe limit for BLL in pregnant women and children (34), so even 165 

the slightest lead exposure should be avoided. Exposure to lead in small doses but continuously (long 166 

term), through the respiratory tract (inhalation) and the digestive tract (oral), cause bioaccumulation of 167 

lead in the body which will be stored in the bones (35). In pregnant women, the need for calcium 168 

increases, especially to support fetal growth (36,37). When the calcium intake is inadequate, there will 169 

be a disassembly of calcium reserves in the bones (bone decalcification) and followed by the release 170 

of lead in the bones, causing the increase of BLL (38,39). The insufficient intake of calcium may be one 171 

of the causes of the high BLL in pregnant women in the location of study.  172 

GH/PE is a health problem in pregnant women whose pathophysiology is unclear (7,40). One of the 173 

factors thought to be the cause is oxidative stress (41,42).  Lead exposure causes an increase in the 174 

production of Reactive Oxygen Species (ROS) which triggers the oxidative stress. Oxidative stress 175 

plays a role in the occurrence of endothelial function disorders and increased blood pressure. The 176 

increase in ROS causes the Nitric Oxide (NO), which is a vasodilator, to become inactive, thereby 177 



increasing intra-arterial pressure and lowering NO production (16). The presence of disturbances in 178 

these three components causes an increase in peripheral vascular resistance so that blood pressure 179 

increases (43).  180 

The experimental studies in animals have shown that lead exposure can increase plasma 181 

norepinephrine and downregulate adrenergic receptors thereby stimulating the sympathetic nervous 182 

system, leading to an increased vasoconstrictive response (41). Lead also interfere with the function of 183 

the Na/K-ATPase pump which plays a role in maintaining intracellular calcium balance so that lead can 184 

affect the sodium gradient and affect the activity of the sodium/calcium exchanger, which results in an 185 

increase intracellular calcium and increases the smooth muscle cells contractility (44).  186 

Several reviews have shown that pregnant women with GH/PE have low NO levels, increased ROS, 187 

and endothelial dysfunction (45,46). The proven positive relationship between GH/PE development and 188 

BLL, coupled with good theoretical (pathogenic) studies suggests that lead exposure contributes to this 189 

pregnancy complication (11,12).  190 

In addition, to lead exposure factors, the findings in this study also found other variables that could 191 

potentially be risk factors for GH/PE, namely maternal age and BMI. The results of the cut-off calculation 192 

for the age variable show that maternal age > 31.5 years is a risk factor for GH/PE. Das's research 193 

results prove that maternal age over 35 years is a risk factor for PE (47). While the results of this study 194 

obtained a younger age limit (31.5 years old), this is probably due to differences related to ethnicity and 195 

the risk of exposure to toxic substances in the environment. 196 

Meanwhile, for the BMI variable, information was obtained that the gestational age and maternal height 197 

were relatively the same in both groups (GH/PE and normal pregnancy), the weight of the subjects in 198 

the case (GH/PE) group was greater, so that BMI in the case group was also proven greater than the 199 

normal pregnant group and the difference was significant. The results of this study prove that BMI > 200 

28.4 increases the risk of GH/PE. Several studies have shown that the excessive weight gain in 201 

pregnant women increases the risk of GH/PE (48,49). The excessive weight gain during pregnancy is 202 

thought to be associated with chronic inflammatory conditions, which causes an increase in plasma 203 

levels of C-reactive protein and inflammatory cytokines (50–52), and a systemic inflammatory response 204 

characterized by increased ROS that damage endothelium cells in blood vessels resulting in clinical 205 

symptoms of GH/PE (53,54). 206 



This study showed a positive correlation between BLL and BMI (Table 4). This finding is similar to the 207 

results of a study in China that proved BLL was independently associated with BMI in women (55), 208 

while the other study concluded children whose mothers had elevated BLL (≥5.0μg/dL) were more likely 209 

to be overweight or obese (56). The mechanism of the increase in BMI due to lead exposure is thought 210 

to be related to the occurrence of oxidative stress which disrupts endocrine function and body fat 211 

metabolism (57). Meanwhile, another theory explains the presence of alterations in the hypothalamic-212 

pituitary-adrenal axis, stress-induced increases in glucocorticoid levels, oxidative stress, and the 213 

changes in lipid metabolism have been proposed (49).  214 

Lead is also hematotoxin and interferes with hemoglobin (Hb) synthesis, causing anemia via the 215 

inhibition of ferrochelatase and δ-aminolaevulinic acid dehydratase (ALAD), the two of many enzymes 216 

involved in heme biosynthesis (58). Several studies on the impact of lead exposure on the blood system, 217 

both in adults and children, have been carried out. Research in India proves that BLL in pregnant women 218 

with anemia is greater than in non-anemic pregnant women (59). In pregnant women, anemia needs to 219 

be prevented, because it can cause impaired fetal growth, low birth weight or small for gestational age 220 

(60), and increased risk of maternal and perinatal mortality (61).  221 

In addition to the impact on pregnant women, including the occurrence of GH/PE, must also be watched 222 

lead exposure for its impact on the fetus, especially the impact on fetal growth and development (62,63). 223 

Research proves an increase of 1 µg/dl BLL was associated with changes in birth weight of −9.93 g, 224 

head circumference -0.03 cm, and crown-heel length -0.05 cm (64).  A systematic review has shown 225 

that lead exposure is a risk factor for attention deficit hyperactivity disorder (ADHD) in children (65,66). 226 

Research in Korea revealed that the children with BLL above 2.30 µg/dL were at a 2.5-fold greater risk 227 

of having ADHD (66). Another study concluded that maternal BLL in late pregnancy < 5mg/dL affects 228 

the neurodevelopment of children up to 36 months of age (67). These results prove that even in low 229 

exposure, the toxic nature of lead in children's growth and development needs attention.  230 

Based on the findings of this study, to reduce maternal mortality, the Ministry of Health needs to take 231 

into account environmental factors, namely the presence of toxic materials, one of which is lead 232 

exposure, which can trigger the emergence of GH/PE in pregnant women. In the areas that are at high 233 

risk of lead exposure (e.g., industrial or agricultural areas), it is necessary to carry out BLL examination 234 

on pregnant women in the 1st trimester, especially in the age group above 30 years, even earlier 235 

screening should be carried out, namely to check BLL in women who are planning a pregnancy.  236 



Calcium supplementation programs for pregnant women also need to be encouraged. Several studies 237 

have shown that high doses of calcium supplementation (1200 mg/day) can reduce the BLL  in pregnant 238 

women (68) and prevent the occurrence of GH/PE (69). The World Health Organization (WHO) 239 

recommends calcium supplementation (1500-2000 mg/day) in pregnant women from 20 weeks 240 

gestation until the end of pregnancy, especially those who are at high risk of developing gestational 241 

hypertension (70).  WHO also recommends calcium supplementation in pregnant women with BLL ≥ 242 

5µg/dL and inadequate calcium intake (71).  243 

Adequate calcium intake during pregnancy will prevent the occurrence of disassembly of calcium 244 

reserves in the bones (bone decalcification) so that the risk of the release of lead in the bones into the 245 

circulatory system can also be prevented.  Calcium intake also plays a role in the mechanism of blood 246 

pressure regulation, namely by modifying calcium in vascular smooth muscle cells and by regulating 247 

blood vessel volume through the renin-angiotensin-aldosterone system. The inadequate intake of 248 

calcium will result in increased the activity of the parathyroid gland. The excess parathyroid hormone 249 

will increase intracellular calcium in vascular smooth muscle, which causes vasoconstriction and 250 

increases blood pressure (72).  251 

Theoretically, the best effort to overcome the impact of exposure to toxic substances in the environment 252 

on public health is to reduce the use of these toxic materials at the source, such as, reducing the use 253 

of lead in the electronics industry, battery industry, fuel. oil, pesticide, etc. Another effort is to reduce 254 

the risk of lead exposure by reducing its presence in water, air, soil, food/drink, and objects around us. 255 

However, implementing some of these alternative solutions is not easy. So, early detection of BLL in 256 

pre-conception period is the best solution, apart from calcium supplementation. The American College 257 

of Obstetricians and Gynecologists (ACOG) states that pregnant and lactating women with current or 258 

previous BLL of 5 µg/dL or higher should get the intervention related to nutritional intake, especially 259 

calcium and iron supplementation (73).   260 

The limitation of this study is that there is no measurement of oxidative stress parameters, such as 261 

levels of ROS and NO, or endothelin which can more accurately describe the mechanism of GH/PE 262 

due to lead exposure. The cross-sectional design used in this study also caused the temporality aspect 263 

to be uncertain, whether lead exposure occurred before the occurrence of GH/PE. To analyze the 264 

impact of lead exposure on the health of pregnant women, fetal growth, delivery process, pregnancy 265 



outcomes, and even the quality of child development, cohort studies starting in the first trimester can 266 

be considered.   267 
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CONCLUSION 272 

The BLL in pregnant women with GH/PE is higher than normal pregnancies, and the BLL in the 'high' 273 

category (≥ 35.15 µg/dL) is an independent risk factor for GH/PE. For better prevention efforts, BLL 274 

screening should be carried out in high-risk women or in the pre-conception period itself, and the 275 

calcium supplementation program can be done earlier, starting from the 1st trimester of pregnancy.  276 
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Figure 1. Flow chart of the selection of study subjects 519 
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Table 1: Subjects characteristics in study group 529 

Characteristics GH/PE group (n=18) Normal group (n=46) p value 

Age (years)  33.1 ± 1.97 28.4 ± 4.52 <0,001a 

Gestational ages (weeks) 25.5 (21 - 40) 27.0 (21 - 38) 0.970b 

Weight* (Kg) 71.2 ± 12.09 63.4 ± 12.10 0.024a 

Height* (cm) 153.5 ± 5.53  153.0 ± 5.06 0.747a  

BMI (kg/m2) 30.1 ± 4.14 27.0 ± 4.67 0.018 

Current Blood Pressure    
Systolic (mmHg) 158.9 ± 16.34 109.1 ± 13.80 <0.001a 
Diastolic (mmHg) 99.4 ± 11.40  68.6 ± 10.46 <0.001a 

Maternal education level     
Basic education 11 (61.1%) 26 (56.5%) 0.660c 
Middle education 7 (38.9%) 18 (39.1%)  
Higher education 0 (0.0%) 2 (4.3%)  

Gravida    

Primigravida 1 (5.6%) 12 (26.1%) 0.136c 
Multigravida 17 (94.4%) 34 (73.9%)  

Maternal Occupation    
Housewife 11 (61.1%) 36 (78.3%) 0.054c 

Private Employees 2 (11.1%) 0 (0.0%)  

Farmer        5 (27.8%) 10 (21.7%)   

Family history of 
hypertension 

   

Yes 7 (38.9) 16 (34.8) 0.986c 

No 11 (61.1) 30 (65.2)  

Family history of diabetes 
mellitus 

  

 

 

Yes  2 (11.1) 6 (13.0) 1.000c 
No  16 (88.9) 40 (87.0)  

Values are expressed as mean ± SD; median (range); and frequencies, n (%).  a Independent,t-test,.      530 
b Mann-Whitney, test,.  c  Chi-square. 531 
 532 
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Table 2. The association between maternal age, BMI, and BLL with the incidence of GH/PE 542 

Variables GH/PE group (n=18) Normal group (n=46) p value OR (95% CI) 

Maternal ages 
(years) 

    

≥ 31.5 16 (88.9) 11 (23.9) <0.001 25.4 (5.0-128.4) 
< 31.5 2 (11.1) 35 (76.1)   

BMI (kg/m2)     
≥ 28.4 13 (72.2) 17 (37.0) 0.024 4.4 (1.3-14.6) 
< 28.4 5 (27.8) 29 (63.0)   

BLL (µg/dL)     
≥ 35.15 13 (72.2) 14 (30.4) 0.006 5.9 (1.8-19.9) 
< 35.15 5 (27.8) 32 (69.6)   

 543 

Table 3. The results of multivariate logistic,regression.  544 

Variables B SE Wald p Adj-OR (95% CI) 

Maternal ages 3.452 0.915 14.229 <0.001 31.5 (5.2-189.6) 

BLL 2.087 0.804 6.734 0.009 8.1 (1.7-39.0) 

Constant -4.057 0.973 17.388 <0.001  

 545 

 546 

 547 
Figure 2. The differences in BLL between GH/PE and normal group 548 

 549 

 550 



 551 
 552 

Figure 3. The ROC curve for the cut-off determination of maternal age, BMI, and BLL 553 
 554 

 555 

Table 4. The correlation between Maternal Ages, BMI, BLL, SBP, and DBP 556 

 BMI BLL SBP DBP 

Maternal Ages 0.442; <0.001 0.156; 0.218 0.582; <0.001 0.491; <0.001 

BMI - 0.231; 0.067 0.513; <0.001 0.399; 0.001 

BLL 0.231; 0.067 - 0.200; 0.113 0.154; 0.224 

Values  are expressed the correlation coefficient (r) and p-values 557 

 558 
 559 

 560 

 561 

 562 

 563 



(view certificate here)

Editorial Team

List of Reviewers

Contact

Guide for Author

Online Submission

Supporting File

Supporting Software

Focus & Scope

Publications Frequency

Section Policy

Peer Review Process

Plagiarism Screening

Open Access Policy

Archiving

Ethical Clearance

Publication Ethics

Article Processing Charge

Copyright Notice

Visitor Statistics

Back Issue 2005-2014

HOME  ABOUT  USER HOME  SEARCH  CURRENT  ARCHIVES  ANNOUNCEMENTS  INDEXING & ABSTRACTING

Home > User > Author > Submissions > #31484 > Review

#31484 REVIEW
SUMMARY  REVIEW  EDITING

SUBMISSION
Authors Suhartono Suhartono, Apoina Kartini, Budiyono Budiyono, Yusniar Hanani Darundiati 

Title
The Differences in Blood Lead Levels in Women with Gestational Hypertension or Pre-
Eclampsia and Women with Normal Pregnancy (A Study in the North Coast of Java,
Brebes District)

Section Articles
Editor Zida Husnina, S.KM, M.PH  

PEER REVIEW
ROUND 1
Review Version 31484-125046-1-RV.DOCX  2021-11-20
Initiated 2021-12-13
Last modified 2022-01-03
Uploaded file Reviewer A 31484-128054-1-RV.DOCX  2021-12-16

 Reviewer A 31484-128054-2-RV.PDF  2021-12-16
 

EDITOR DECISION
Decision Accept Submission 2022-01-03
Notify Editor       Editor/Author Email Record No Comments
Editor Version 31484-125159-1-ED.DOCX  2021-11-22

 31484-125159-2-ED.DOCX  2021-12-02
 31484-125159-3-ED.PDF  2021-12-07

 31484-125159-4-ED.DOCX  2021-12-07
 31484-125159-5-ED.PDF  2021-12-10

 31484-125159-6-ED.DOCX  2021-12-10
 31484-125159-7-ED.PDF  2021-12-13

 31484-125159-8-ED.PDF  2021-12-21
 31484-125159-9-ED.DOCX  2021-12-21

 Author Version 31484-126310-1-ED.DOCX  2021-11-30     DELETE
 31484-126310-2-ED.DOCX  2021-12-06     DELETE
 31484-126310-3-ED.DOCX  2021-12-09     DELETE
 31484-126310-4-ED.DOCX  2021-12-11     DELETE
 31484-126310-5-ED.DOCX  2021-12-20     DELETE
 31484-126310-6-ED.DOCX  2021-12-29     DELETE
 Upload Author

Version No file chosenChoose File  Upload

 
 

Follow Our Social Media

           

 

National AccreditationNational Accreditation

PeoplePeople

Instrution for AuthorInstrution for Author

Journal PolicyJournal Policy

Web DatabaseWeb Database

PublisherPublisher

https://sinta.ristekbrin.go.id/journals/detail?id=4030
https://drive.google.com/file/d/1ZjJBg_js4oq8_Tw--boftUqOd5YY20kM/view?usp=sharing
https://e-journal.unair.ac.id/index.php/JKL/about/editorialTeam
https://e-journal.unair.ac.id/index.php/JKL/about/displayMembership/224
https://e-journal.unair.ac.id/JKL/pages/view/Cp
https://e-journal.unair.ac.id/JKL/pages/view/GFA
https://e-journal.unair.ac.id/JKL/login
https://e-journal.unair.ac.id/JKL/pages/view/SF
https://e-journal.unair.ac.id/JKL/pages/view/Supporting%20Software
https://e-journal.unair.ac.id/JKL/pages/view/FS
https://e-journal.unair.ac.id/JKL/pages/view/Publication%20Frequency
https://e-journal.unair.ac.id/JKL/pages/view/SP
https://e-journal.unair.ac.id/JKL/about/editorialPolicies#peerReviewProcess
https://e-journal.unair.ac.id/JKL/pages/view/PS
https://e-journal.unair.ac.id/JKL/pages/view/OAP
https://e-journal.unair.ac.id/JKL/about/editorialPolicies#archiving
https://e-journal.unair.ac.id/JKL/pages/view/Ethical%20Clearance
https://e-journal.unair.ac.id/JKL/pages/view/PE
https://e-journal.unair.ac.id/JKL/pages/view/Article%20Processing%20Charge
https://e-journal.unair.ac.id/JKL/pages/view/CN
http://statcounter.com/p11427866/?guest=1
http://journal.unair.ac.id/KESLING@kesehatan-lingkungan-media-5.html
https://fkm.unair.ac.id/
https://e-journal.unair.ac.id/JKL/index
https://e-journal.unair.ac.id/JKL/about
https://e-journal.unair.ac.id/index/user
https://e-journal.unair.ac.id/JKL/search
https://e-journal.unair.ac.id/JKL/issue/current
https://e-journal.unair.ac.id/JKL/issue/archive
https://e-journal.unair.ac.id/JKL/announcement
https://e-journal.unair.ac.id/JKL/pages/view/INABS
https://e-journal.unair.ac.id/JKL/index
https://e-journal.unair.ac.id/JKL/user
https://e-journal.unair.ac.id/JKL/author
https://e-journal.unair.ac.id/JKL/author
https://e-journal.unair.ac.id/JKL/author/submission/31484
https://e-journal.unair.ac.id/JKL/author/submissionReview/31484
https://e-journal.unair.ac.id/JKL/author/submission/31484
https://e-journal.unair.ac.id/JKL/author/submissionReview/31484
https://e-journal.unair.ac.id/JKL/author/submissionEditing/31484
https://e-journal.unair.ac.id/JKL/user/email?redirectUrl=https%3A%2F%2Fe-journal.unair.ac.id%2FJKL%2Fauthor%2FsubmissionReview%2F31484&to%5B%5D=%22Suhartono%20Suhartono%22%20%3Csuhartono_damas%40yahoo.com%3E&to%5B%5D=%22Apoina%20Kartini%22%20%3Capoinakartini%40yahoo.com%3E&to%5B%5D=%22Budiyono%20Budiyono%22%20%3Ckenang92%40yahoo.com%3E&to%5B%5D=%22Yusniar%20Hanani%20Darundiati%22%20%3Cdarundiati%40gmail.com%3E&subject=The%20Differences%20in%20Blood%20Lead%20Levels%20in%20Women%20with%20Gestational%20Hypertension%20or%20Pre-Eclampsia%20and%20Women%20with%20Normal%20Pregnancy%20%28A%20Study%20in%20the%20North%20Coast%20of%20Java%2C%20Brebes%20District%29&articleId=31484
https://e-journal.unair.ac.id/JKL/user/email?redirectUrl=https%3A%2F%2Fe-journal.unair.ac.id%2FJKL%2Fauthor%2FsubmissionReview%2F31484&to%5B%5D=Zida%20Husnina%2C%20S.KM%2C%20M.PH%20%3Czidahusninajkl%40gmail.com%3E&subject=The%20Differences%20in%20Blood%20Lead%20Levels%20in%20Women%20with%20Gestational%20Hypertension%20or%20Pre-Eclampsia%20and%20Women%20with%20Normal%20Pregnancy%20%28A%20Study%20in%20the%20North%20Coast%20of%20Java%2C%20Brebes%20District%29&articleId=31484
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/125046/1
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/128054/1
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/128054/2
https://e-journal.unair.ac.id/JKL/author/emailEditorDecisionComment?articleId=31484
javascript:openComments('https://e-journal.unair.ac.id/JKL/author/viewEditorDecisionComments/31484');
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/125159/1
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/125159/2
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/125159/3
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/125159/4
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/125159/5
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/125159/6
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/125159/7
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/125159/8
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/125159/9
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/126310/1
https://e-journal.unair.ac.id/JKL/author/deleteArticleFile/31484/126310/1
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/126310/2
https://e-journal.unair.ac.id/JKL/author/deleteArticleFile/31484/126310/2
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/126310/3
https://e-journal.unair.ac.id/JKL/author/deleteArticleFile/31484/126310/3
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/126310/4
https://e-journal.unair.ac.id/JKL/author/deleteArticleFile/31484/126310/4
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/126310/5
https://e-journal.unair.ac.id/JKL/author/deleteArticleFile/31484/126310/5
https://e-journal.unair.ac.id/JKL/author/downloadFile/31484/126310/6
https://e-journal.unair.ac.id/JKL/author/deleteArticleFile/31484/126310/6
https://www.linkedin.com/company/jurnal-kesehatan-lingkungan/
https://www.linkedin.com/company/jurnal-kesehatan-lingkungan
https://twitter.com/jklunair?t=4hH8mTbu_80I3eBt4cMwNA&s=08
https://instagram.com/jklunair?utm_medium=copy_link
https://web.facebook.com/jurnalkesehatanlingkungan
https://www.youtube.com/channel/UCztHlfg2v8v0GXQYrYniMtg
HP
Rectangle

HP
Text Box
Revised Manuscript editorial comments Version 5 + Reviewer A



Reviewer’s comments Author reply 

Abstract: 

1  "The etiology of GH/PE is still unclear" → I 
think you should clarify the meaning of this 
sentence so as not to be biased 
 

The statement 'The etiology of GH/PE is 
still unclear' has been replaced with a 
sentence that is more directed to the 
possibility of lead exposure from 
pesticides as the etiology of GH/PE in 
pregnant women at the study site (in 
the 7th and 8th lines of the script) 
 

2 "Exposure to lead is thought to trigger.." → 
You must provide a clear statement, where 
does lead exposure come from in your 
research target group? What is the main 
source? 

The sources of lead exposure in 
pregnant women at the study site and 
the theory/mechanism of the 
occurrence of GH/PE are briefly 
explained in the sentences written on 
lines 9 and 10 

3 Do your best to draw good conclusions 
without repeating the narrative of the 
results. 

The statement in the conclusion has 
been made different (not repeating) 
the statement (narrative) in the results 
section (lines 20-21, and lines 24) 

Body Manuscript: 

1 In the introduction you wrote, I have not 
found the transmission route of an 
exposure hazard that causes you to 
research BLL. I think this analysis is very 
important to show the strength of your 
manuscript's state of the art. 
 

The analysis of the transmission rote of 
lead exposure in pregnant women at 
the study site has been written in the 
introduction section (lines 67-71) 

2 In addition, I hope you consider that with 
this journal's scope, an environmental 
health standpoint must emerge. You can 
enter through the scope of environmental 
toxicology mechanisms. 
 

Regarding environmental health 
toxicology, the toxicological mechanism 
on how lead exposure can trigger 
GH/PE in pregnant women has been 
discussed in the discussion section 
(lines 176-183). 

3 Please change the synthesis of the 
discussion section to focus more on what 
exposure the target group received, 
thereby increasing BLL and causing the 
case you wrote. 

We have tried to focus on the synthesis 
in the discussion section on how lead 
exposure occurs in pregnant women at 
the research site so that there is an 
increase in BLL and GH/PE and how to 
solve these problems (lines 255-261 
and lines 266-268) 

 

Thank you for all the suggestions for improving this manuscript. 

Semarang, 20-12-2021 
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THE DIFFERENCES IN BLOOD LEAD LEVELS IN GESTATIONAL HYPERTENSION OR PRE-1 

ECLAMPSIA AND NORMAL PREGNANCY  2 

(STUDY ON PREGNANT WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT) 3 

 4 

ABSTRACT 5 

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the leading causes of 6 

maternal death. Lead exposure from the environment, especially from the agricultural activities, may 7 

contribute to the occurrence of GH/PE in pregnant women in the agricultural area of Brebes district. 8 

The exposure to lead can trigger GH/PE through oxidative stress mechanisms and progressive 9 

endothelial damage. Brebes Regency is one of the areas with the highest Maternal Mortality Rate 10 

(MMR) in Central Java, and GH/PE is the leading cause. This study aimed to analyze the differences 11 

in Blood Lead Levels (BLL) in pregnant women with GH/PE and normal pregnant women in the Brebes 12 

district. Methods: This study used a cross-sectional design. By selecting and applying inclusion criteria, 13 

we found 18 subjects in the case or the GH/PE group, and 46 subjects in the control or normotension 14 

group. Measurement of BLL was carried out using Atomic-absorption spectrometry (AAS). Some of the 15 

statistical methods used were independent t-test, Mann-Whitney test, Chi-square test, for the risk 16 

estimate used the calculation of the Odds-Ratio (OR) and 95% Confidence Interval (CI), multivariate 17 

logistic regression test, and Rank-Spearman correlation test. Results and Discussion: The median 18 

value and range of the BLL in the case and control group were 40.20 g/dL (15.50-89.20) and 32.75 g/dL 19 

(3.60-42.80), respectively (p=0.011). Pregnant women with the BLL ≥ 35.15 g/dL had eight times the 20 

risk of experiencing GH/PE (Adj-OR=8.1; 95% CI=1.7-39.0). Lead exposure will increase the production 21 

of Reactive Oxygen Species (ROS), resulting in oxidative stress, and plays a role in endothelial 22 

dysfunction and increased the blood pressure. Conclusion: The BLL in pregnant women with GH/PE 23 

is higher than normal pregnancies, and the BLL in the 'high' category is a risk factor for GH/PE. 24 

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia 25 

 26 

INTRODUCTION 27 

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days 28 

of termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to 29 

accidents or other incidental causes, is still a health problem worldwide, especially in developing 30 



countries. Every day, around 810 women die due to the process of pregnancy or childbirth that they 31 

undergo (1). In addition to bleeding and infection after delivery, the leading cause of maternal death is 32 

an increase in blood pressure after 20 weeks of gestation, known as gestational hypertension (GH) or 33 

pre-eclampsia (PE) (2,3).  GH is a systolic blood pressure (SBP) of at least 140 mm Hg and or a diastolic 34 

blood pressure (DBP) of at least 90 mm Hg after the 20th week of pregnancy, in pregnant women whose 35 

blood pressure was normotensive before pregnancy and until 20 weeks of gestation. If the increase in 36 

blood pressure is accompanied by proteinuria, it is referred to as PE (4). The data shows GH/PE 37 

accounts for about 18% of maternal deaths globally, which is around 62,000 to 77,000 deaths per year  38 

(4,5). 39 

The pathophysiology of GH/PE is still unclear, but it is strongly suspected that it is due to disturbances 40 

in the process of placentation in early pregnancy followed by an inflammatory process and progressive 41 

endothelial damage (6,7). Some of the risk factors for GH/PE that have been widely discussed are 42 

primiparas, history of hypertension or impaired renal function before pregnancy, history of hypertension 43 

or GH/PE in previous pregnancies, diabetes, obesity, age over 40 years, multiple pregnancies, family 44 

history of PE and so on (5,8). Several recent studies have shown that environmental factors have the 45 

potential to trigger the incidence of GH/PE, including exposure to toxic materials in the environment, 46 

such as pesticides (9,10) and heavy metals, namely lead or plumbum (Pb) (11,12). The research proves 47 

that an increase in blood lead levels (BLL) is followed by the rise in blood pressure in pregnant women 48 

(13),  among others through oxidative stress mechanisms, namely increased Reactive Oxygen Species 49 

(ROS) (14), which triggers endothelial dysfunction and increased blood pressure (15,16). 50 

Data from ASEANstats shows that the Maternal Mortality Rate (MMR) in Indonesia in 2014 was still 51 

relatively high, namely 190/100,000 live births (17) and still far from the Sustainable Development 52 

Goal’s (SDGs) target of 70/100,000 live births by 2030 (18).  In the South East Asia Region, the MMR 53 

in Indonesia is only better than Laos and Myanmar (17). Central Java is one of the provinces that 54 

contributes the largest maternal mortality rate (MMR) in Indonesia (19), which is 76.9/100. 0000 live 55 

births (20), and is ranked second nationally (19).  56 

In 2019, Brebes Regency, which is located on the northern coast of Java, is the highest contributor to 57 

maternal mortality in Central Java, with 37 cases (20). Data from the Brebes Regency Health Office 58 

shows that one of the main causes of maternal mortality in this area is GH/PE, which is 67.7 percent 59 

(21). Environmental (pollution) factors, one of which is lead exposure, should be suspected of having 60 



contributed to the high rate of GH/PE in pregnant women in Brebes district, which may come from 61 

industrial, transportation, and agricultural activities.    62 

In everyday life, lead exposure can come from paint or house dust, eating and drinking utensils, 63 

cosmetics, glass pots, soil and drinking water from lead pipes, faucets, and plumbing fixtures (22). 64 

Several studies on the north coast of Java have also proven that there are other potential risks of lead 65 

exposure, namely fish (23), vegetables, especially shallots (24), which are the main agricultural 66 

commodities in Brebes district. In addition to industrial activities and transportation, the main source of 67 

lead exposure in pregnant women in the agricultural area of Brebes Regency may come from the 68 

agriculture, and battery recycling activities in the area. (25). The transmission routes of lead are mainly 69 

from the maternal involvement in agricultural activities, and exposure through lead contamination in 70 

food or beverages consumed daily. This study aimed to analyze the differences in BLL in pregnant 71 

women with GH/PE and normal pregnant women and to prove that the high BLL are a risk factor for the 72 

incidence of GH/PE in pregnant women.  73 

METHODS 74 

This study was an analytic observational study with a cross-sectional design. The target population is 75 

all pregnant women on the North Coast of Java. The accessible population was pregnant women who 76 

were registered at two Community Health Centers (Pusat Kesehatan Masyarakat, Puskesmas) on the 77 

North coast of Java, Brebes district, in September and October 2017, totaling 275 people. The two 78 

Puskesmas were chosen because they were the Puskesmas with the highest number of pregnant 79 

women in these areas. As an effort to control the confounder variables, inclusion criteria were applied 80 

for the subject, as follows: age 20-35 years, gestational age> 20 weeks, and singleton pregnancy. 81 

Based on data recorded at the Puskesmas, out of 275 pregnant women, 179 (65.1%) met the inclusion 82 

criteria, and 24 of them (13.4%) were pregnant women with the systolic blood pressure (SBP)  of 140 83 

mm Hg or more, or diastolic blood pressure (DBP) of 90 mm Hg or more, or both, with or without 84 

proteinuria, which was then categorized as a case (GH/PE) group, while out of 155 subjects with 85 

normotensive, 50 subjects were randomly selected as the control (normotensive) group. Of the 24 86 

subjects in the GH/PE group, 6 subjects refused to participate in the study, for fear of having a blood 87 

draw, while in the control group there were 4 subjects who refused to participate for the same reason, 88 



so the analysis was carried out on 18 subjects in GH/PE group and 46 subjects of the normal group. 89 

The flow chart of the selection of study subjects can be seen in Figure1. 90 

The data about an increase in blood pressure (BP) above 140/90 mm Hg after 20 weeks of gestation, 91 

to determine whether the subjects were in the GH/PE group or the normal pregnancy group, were taken 92 

from the medical record during the antenatal care (ANC) process at the Puskesmas, where the 93 

measurements were performed by trained health personnel (midwives). In carrying out the research, 94 

BP measurements were also carried out (as a cross-check and referred to as current BP) by trained 95 

research team members, using a Microlife brand digital sphygmomanometer, with three repetitions, and 96 

averaged automatically. Anthropometric measurements (height and weight) were performed using a 97 

Seca® 213 stadiometer and a Seca® 813 electric flat scale. 98 

The measurement of BLL was carried out using the Atomic-absorption spectrometry (AAS) method by 99 

the GAKY Laboratory, Faculty of Medicine, Diponegoro University. Information about the characteristics 100 

of the subject (age, the maternal education level, the maternal occupation), the number of times the 101 

subject has been pregnant (gravida), the family history of hypertension, and the family history of 102 

diabetes mellitus (DM) were taken by interview using a structured questionnaire. Data were analyzed 103 

using SPSS version 20 software.  104 

Some of the statistical methods used were independent t-test, Mann-Whitney test, Chi-square test, for 105 

the risk estimate used the calculation of the Odds-Ratio (OR) and 95% Confidence Interval (CI), 106 

multivariate logistic regression test, and Rank-Spearman correlation test. To determine the cut-off value 107 

of maternal ages, Body Mass Index (BMI), and BLL as predictors/risk factors for GH/PE, the Receiver 108 

Operating Characteristic (ROC) curve method was used.  The Area Under Curve (AUC), sensitivity and 109 

specificity values were used as considerations to determine the cut-off value (26). A multivariate logistic 110 

regression test using the Backward Wald method was used to identify the main risk factors for GH/PE 111 

from the three candidate variables, maternal age, BMI, and BLL (27). This research activity was 112 

approved by the Medical Research Ethics Committee of the Faculty of Medicine, Universitas 113 

Diponegoro (No. 664/ EC/FK-RSDK/XI/2017). 114 

RESULTS 115 

Even though the inclusion criteria for maternal age were applied (20-35 years old), it turned out that the 116 

maternal age in the GH/PE group was still higher than the normal group. There was a significant 117 

difference in maternal ages between GH/PE and normal groups (p-value < 0.001). The data showed 118 



that with the gestational age and height of the subjects being relatively the same (p-values 0.970 and 119 

0.747, respectively), however, the BMI in the case (GH/PE) group was higher than the control 120 

(normotensive) group (p=0.018) (Table 1). The results showed there was a significant difference in 121 

current BP, systolic and diastolic, between the case and control groups (all of p < 0.001). For the other 122 

characteristics data, i.e., maternal education level, gravida, maternal occupation, family history of 123 

hypertension, and family history of DM, there were no significant differences between the two groups 124 

(all p>0.05) 125 

The Mann-Whitney U-test proved that the BLL in the case group was higher compared to the control 126 

group (p = 0.011). The median value and range of BLL in the case and control group were 40.20 g/dL 127 

(15.50-89.20) and 32.75 g/dL (3.60-42.80) respectively (Figure 2).  128 

Regarding the differences in maternal age, BMI, and BLL between the GH/PE and the normal groups, 129 

the cut-off of these three variables was determined using the ROC curve (Figure 3). The results of the 130 

cut-off determination obtained a value of 31.5 years for maternal age (AUC=0.809; sensitivity=88.9; 131 

specificity=76.1), 28.4 kg/m2 for BMI (AUC=0.708; sensitivity=72.2; specificity=63.0), and 35.15 µg/dL 132 

for BLL (AUC=0.707; sensitivity=72.2; specificity=69.6). The results showed there were significant 133 

relationships between maternal age, BMI, and BLL with the incidence of GH/PE (all of p < 0.05) (Table 134 

2).  135 

The results of the multivariate logistic regression test using the Backward Wald method showed, two 136 

variables were the independent risk factors for GH/PE, namely maternal age ≥ 31.5 years and BLL ≥ 137 

35.15 g/dL (Table 3). To analyze the potential role of the three variables, maternal age, BMI, and BLL 138 

in increasing blood pressure, a correlation test was conducted between the three variables and the BP 139 

variables (systolic/diastolic) whose measurements were carried out during the study. The Rank-140 

Spearman test showed a significant correlation between maternal age and BMI (p < 0.001; r=0.442), 141 

maternal age and SBP (p<0.001; r=0.582), and maternal age and DBP (p<0.001; r=0.491). Meanwhile, 142 

for BLL, although not significant, it was positively correlated with BMI (p=0.067; r=0.231), SBP (p = 143 

0.113; r=0.200), and DBP (p=0.224; r=0.154). The results of the Rank-Spearman correlation test are 144 

presented in Table 4. 145 

DISCUSSION 146 

The results showed that the BLL in the case (GH/PE) group was higher than the normotensive pregnant 147 

women group and the 'high' BLL (≥ 35.15 µg/dL) was an independent risk factor for the incidence of 148 



GH/PE. The multivariate logistic regression test proved that pregnant women with the BLL ≥ 35.15 149 

µg/dL had eight times the risk of developing GH/PE.  Al-Jameil's study in Saudi Arabia got the same 150 

results, BLL in PE was greater than normal pregnant women (28).  A cohort study in Sweden’s 151 

populations showed the exposure to the low-level of lead can increases blood pressure and may 152 

increases the risk of developing hypertension in 46-67 years old population (29).  The impact of lead 153 

exposure on increasing blood pressure was also proven by research on car painting workers in 154 

Surabaya (30). 155 

The BLL examination in the study subjects showed very high levels, namely, the median value reached 156 

40.20 µg/dL in the GH/PE group and 32.75 µg/dL in the normal pregnancy group. This result was lower 157 

than the study in Nigeria which got a median BLL value in pregnant women of 64.3 µg/dL (31), but 158 

higher than the study in Saudi Arabia which got the highest BLL in pregnant women with PE below 30.0 159 

µg/dL (28).  Disha's study in Taiwan got much lower results, 2.38 g/dL in the normal pregnant women 160 

and 3.42 g/dL in the PE group (12).   161 

The main source of lead exposure in subjects at the study site, probably came from contamination of 162 

contaminated food, especially marine products and vegetables. In addition, the mother's involvement 163 

in agricultural activities also has the potential to increase BLL levels. Research in the agricultural area 164 

of Brebes district proves that the lead content in soil and vegetables exceeds the allowable threshold 165 

value (32). Several types of pesticides that are often used in the Brebes shallot farming area have been 166 

proven to contain lead (33).  167 

Regarding lead exposure, there is no safe limit for BLL in pregnant women and children (34), so even 168 

the slightest lead exposure should be avoided. Exposure to lead in small doses but continuously (long 169 

term), through the respiratory tract (inhalation) and the digestive tract (oral), cause bioaccumulation of 170 

lead in the body which will be stored in the bones (35). In pregnant women, the need for calcium 171 

increases, especially to support fetal growth (36,37). When the calcium intake is inadequate, there will 172 

be a disassembly of calcium reserves in the bones (bone decalcification) and followed by the release 173 

of lead in the bones, causing the increase of BLL (38,39). The insufficient intake of calcium may be one 174 

of the causes of the high BLL in pregnant women in the location of study.  175 

GH/PE is a health problem in pregnant women whose pathophysiology is unclear (7,40). One of the 176 

factors thought to be the cause is oxidative stress (41,42).  Lead exposure causes an increase in the 177 

production of Reactive Oxygen Species (ROS) which triggers the oxidative stress. Oxidative stress 178 



plays a role in the occurrence of endothelial function disorders and increased blood pressure. The 179 

increase in ROS causes the Nitric Oxide (NO), which is a vasodilator, to become inactive, thereby 180 

increasing intra-arterial pressure and lowering NO production (16). The presence of disturbances in 181 

these three components causes an increase in peripheral vascular resistance so that blood pressure 182 

increases (43).  183 

The experimental studies in animals have shown that lead exposure can increase plasma 184 

norepinephrine and downregulate adrenergic receptors thereby stimulating the sympathetic nervous 185 

system, leading to an increased vasoconstrictive response (41). Lead also interfere with the function of 186 

the Na/K-ATPase pump which plays a role in maintaining intracellular calcium balance so that lead can 187 

affect the sodium gradient and affect the activity of the sodium/calcium exchanger, which results in an 188 

increase intracellular calcium and increases the smooth muscle cells contractility (44).  189 

Several reviews have shown that pregnant women with GH/PE have low NO levels, increased ROS, 190 

and endothelial dysfunction (45,46). The proven positive relationship between GH/PE development and 191 

BLL, coupled with good theoretical (pathogenic) studies suggests that lead exposure contributes to this 192 

pregnancy complication (11,12).  193 

In addition, to lead exposure factors, the findings in this study also found other variables that could 194 

potentially be risk factors for GH/PE, namely maternal age and BMI. The results of the cut-off calculation 195 

for the age variable show that maternal age > 31.5 years is a risk factor for GH/PE. Das's research 196 

results prove that maternal age over 35 years is a risk factor for PE (47). While the results of this study 197 

obtained a younger age limit (31.5 years old), this is probably due to differences related to ethnicity and 198 

the risk of exposure to toxic substances in the environment. 199 

Meanwhile, for the BMI variable, information was obtained that the gestational age and maternal height 200 

were relatively the same in both groups (GH/PE and normal pregnancy), the weight of the subjects in 201 

the case (GH/PE) group was greater, so that BMI in the case group was also proven greater than the 202 

normal pregnant group and the difference was significant. The results of this study prove that BMI > 203 

28.4 increases the risk of GH/PE. Several studies have shown that the excessive weight gain in 204 

pregnant women increases the risk of GH/PE (48,49). The excessive weight gain during pregnancy is 205 

thought to be associated with chronic inflammatory conditions, which causes an increase in plasma 206 

levels of C-reactive protein and inflammatory cytokines (50–52), and a systemic inflammatory response 207 



characterized by increased ROS that damage endothelium cells in blood vessels resulting in clinical 208 

symptoms of GH/PE (53,54). 209 

This study showed a positive correlation between BLL and BMI (Table 4). This finding is similar to the 210 

results of a study in China that proved BLL was independently associated with BMI in women (55), 211 

while the other study concluded children whose mothers had elevated BLL (≥5.0μg/dL) were more likely 212 

to be overweight or obese (56). The mechanism of the increase in BMI due to lead exposure is thought 213 

to be related to the occurrence of oxidative stress which disrupts endocrine function and body fat 214 

metabolism (57). Meanwhile, another theory explains the presence of alterations in the hypothalamic-215 

pituitary-adrenal axis, stress-induced increases in glucocorticoid levels, oxidative stress, and the 216 

changes in lipid metabolism have been proposed (49).  217 

Lead is also hematotoxin and interferes with hemoglobin (Hb) synthesis, causing anemia via the 218 

inhibition of ferrochelatase and δ-aminolaevulinic acid dehydratase (ALAD), the two of many enzymes 219 

involved in heme biosynthesis (58). Several studies on the impact of lead exposure on the blood system, 220 

both in adults and children, have been carried out. Research in India proves that BLL in pregnant women 221 

with anemia is greater than in non-anemic pregnant women (59). In pregnant women, anemia needs to 222 

be prevented, because it can cause impaired fetal growth, low birth weight or small for gestational age 223 

(60), and increased risk of maternal and perinatal mortality (61).  224 

In addition to the impact on pregnant women, including the occurrence of GH/PE, must also be watched 225 

lead exposure for its impact on the fetus, especially the impact on fetal growth and development (62,63). 226 

Research proves an increase of 1 µg/dl BLL was associated with changes in birth weight of −9.93 g, 227 

head circumference -0.03 cm, and crown-heel length -0.05 cm (64).  A systematic review has shown 228 

that lead exposure is a risk factor for attention deficit hyperactivity disorder (ADHD) in children (65,66). 229 

Research in Korea revealed that the children with BLL above 2.30 µg/dL were at a 2.5-fold greater risk 230 

of having ADHD (66). Another study concluded that maternal BLL in late pregnancy < 5mg/dL affects 231 

the neurodevelopment of children up to 36 months of age (67). These results prove that even in low 232 

exposure, the toxic nature of lead in children's growth and development needs attention.  233 

Based on the findings of this study, to reduce maternal mortality, the Ministry of Health needs to take 234 

into account environmental factors, namely the presence of toxic materials, one of which is lead 235 

exposure, which can trigger the emergence of GH/PE in pregnant women. In the areas that are at high 236 

risk of lead exposure (e.g., industrial or agricultural areas), it is necessary to carry out BLL examination 237 



on pregnant women in the 1st trimester, especially in the age group above 30 years, even earlier 238 

screening should be carried out, namely to check BLL in women who are planning a pregnancy.  239 

Calcium supplementation programs for pregnant women also need to be encouraged. Several studies 240 

have shown that high doses of calcium supplementation (1200 mg/day) can reduce the BLL  in pregnant 241 

women (68) and prevent the occurrence of GH/PE (69). The World Health Organization (WHO) 242 

recommends calcium supplementation (1500-2000 mg/day) in pregnant women from 20 weeks 243 

gestation until the end of pregnancy, especially those who are at high risk of developing gestational 244 

hypertension (70).  WHO also recommends calcium supplementation in pregnant women with BLL ≥ 245 

5µg/dL and inadequate calcium intake (71).  246 

Adequate calcium intake during pregnancy will prevent the occurrence of disassembly of calcium 247 

reserves in the bones (bone decalcification) so that the risk of the release of lead in the bones into the 248 

circulatory system can also be prevented.  Calcium intake also plays a role in the mechanism of blood 249 

pressure regulation, namely by modifying calcium in vascular smooth muscle cells and by regulating 250 

blood vessel volume through the renin-angiotensin-aldosterone system. The inadequate intake of 251 

calcium will result in increased the activity of the parathyroid gland. The excess parathyroid hormone 252 

will increase intracellular calcium in vascular smooth muscle, which causes vasoconstriction and 253 

increases blood pressure (72).  254 

Theoretically, the best effort to overcome the impact of exposure to toxic substances in the environment 255 

on public health is to reduce the use of these toxic materials at the source, such as, reducing the use 256 

of lead in the electronics industry, battery industry, fuel. oil, pesticide, etc. Another effort is to reduce 257 

the risk of lead exposure by reducing its presence in water, air, soil, food/drink, and objects around us. 258 

Research has shown that remediation efforts, i.e., reducing the lead content in the soil at the battery 259 

recycling site, can reduce the BLL in children living around this location (73). However, implementing 260 

some of these alternative solutions is not easy. So, early detection of BLL in pre-conception period is 261 

the best solution, apart from calcium supplementation. The American College of Obstetricians and 262 

Gynecologists (ACOG) states that pregnant and lactating women with current or previous BLL of 5 263 

µg/dL or higher should get the intervention related to nutritional intake, especially calcium and iron 264 

supplementation (74).   265 

Based the discussion, it can be seen that there is a high risk of lead exposure in pregnant women in 266 

the Brebes district on the north coast of Java which has an impact on the high BLL which trigger an 267 



increase in blood pressure (GH/PE). The limitation of this study is that there is no measurement of 268 

oxidative stress parameters, such as levels of ROS and NO, or endothelin which can more accurately 269 

describe the mechanism of GH/PE due to lead exposure. The cross-sectional design used in this study 270 

also caused the temporality aspect to be uncertain, whether lead exposure occurred before the 271 

occurrence of GH/PE. To analyze the impact of lead exposure on the health of pregnant women, fetal 272 

growth, delivery process, pregnancy outcomes, and even the quality of child development, cohort 273 

studies starting in the first trimester can be considered.   274 
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CONCLUSION 279 

The BLL in pregnant women with GH/PE is higher than normal pregnancies, and the BLL in the 'high' 280 

category (≥ 35.15 µg/dL) is an independent risk factor for GH/PE. For better prevention efforts, BLL 281 

screening should be carried out in high-risk women or in the pre-conception period itself, and the 282 

calcium supplementation program can be done earlier, starting from the 1st trimester of pregnancy.  283 
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Figure 1. Flow chart of the selection of study subjects 530 
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Table 1: Subjects characteristics in study group 540 

Characteristics GH/PE group (n=18) Normal group (n=46) p value 

Age (years)  33.1 ± 1.97 28.4 ± 4.52 <0,001a 

Gestational ages (weeks) 25.5 (21 - 40) 27.0 (21 - 38) 0.970b 

Weight* (Kg) 71.2 ± 12.09 63.4 ± 12.10 0.024a 

Height* (cm) 153.5 ± 5.53  153.0 ± 5.06 0.747a  

BMI (kg/m2) 30.1 ± 4.14 27.0 ± 4.67 0.018 

Current Blood Pressure    
Systolic (mmHg) 158.9 ± 16.34 109.1 ± 13.80 <0.001a 
Diastolic (mmHg) 99.4 ± 11.40  68.6 ± 10.46 <0.001a 

Maternal education level     
Basic education 11 (61.1%) 26 (56.5%) 0.660c 
Middle education 7 (38.9%) 18 (39.1%)  
Higher education 0 (0.0%) 2 (4.3%)  

Gravida    

Primigravida 1 (5.6%) 12 (26.1%) 0.136c 
Multigravida 17 (94.4%) 34 (73.9%)  

Maternal Occupation    
Housewife 11 (61.1%) 36 (78.3%) 0.054c 

Private Employees 2 (11.1%) 0 (0.0%)  

Farmer        5 (27.8%) 10 (21.7%)   

Family history of 
hypertension 

   

Yes 7 (38.9) 16 (34.8) 0.986c 

No 11 (61.1) 30 (65.2)  

Family history of diabetes 
mellitus 

  

 

 

Yes  2 (11.1) 6 (13.0) 1.000c 
No  16 (88.9) 40 (87.0)  

Values are expressed as mean ± SD; median (range); and frequencies, n (%).  a Independent,t-test,.      541 
b Mann-Whitney, test,.  c  Chi-square. 542 
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Table 2. The association between maternal age, BMI, and BLL with the incidence of GH/PE 553 

Variables GH/PE group (n=18) Normal group (n=46) p value OR (95% CI) 

Maternal ages 
(years) 

    

≥ 31.5 16 (88.9) 11 (23.9) <0.001 25.4 (5.0-128.4) 
< 31.5 2 (11.1) 35 (76.1)   

BMI (kg/m2)     
≥ 28.4 13 (72.2) 17 (37.0) 0.024 4.4 (1.3-14.6) 
< 28.4 5 (27.8) 29 (63.0)   

BLL (µg/dL)     
≥ 35.15 13 (72.2) 14 (30.4) 0.006 5.9 (1.8-19.9) 
< 35.15 5 (27.8) 32 (69.6)   

 554 

Table 3. The results of multivariate logistic,regression.  555 

Variables B SE Wald p Adj-OR (95% CI) 

Maternal ages 3.452 0.915 14.229 <0.001 31.5 (5.2-189.6) 

BLL 2.087 0.804 6.734 0.009 8.1 (1.7-39.0) 

Constant -4.057 0.973 17.388 <0.001  

 556 

 557 

 558 
Figure 2. The differences in BLL between GH/PE and normal group 559 

 560 

 561 



 562 
 563 

Figure 3. The ROC curve for the cut-off determination of maternal age, BMI, and BLL 564 
 565 

 566 

Table 4. The correlation between Maternal Ages, BMI, BLL, SBP, and DBP 567 

 BMI BLL SBP DBP 

Maternal Ages 0.442; <0.001 0.156; 0.218 0.582; <0.001 0.491; <0.001 

BMI - 0.231; 0.067 0.513; <0.001 0.399; 0.001 

BLL 0.231; 0.067 - 0.200; 0.113 0.154; 0.224 

Values  are expressed the correlation coefficient (r) and p-values 568 
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THE DIFFERENCES IN BLOOD LEAD LEVELS IN GESTATIONAL HYPERTENSION OR PRE-

ECLAMPSIA AND NORMAL PREGNANCY

(STUDY ON PREGNANT WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT)

ABSTRACT

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the leading causes of

maternal death. Lead exposure from the environment, especially from the agricultural activities, may

contribute to the occurrence of GH/PE in pregnant women in the agricultural area of Brebes district.

The exposure to lead can trigger GH/PE through oxidative stress mechanisms and progressive

endothelial damage. Brebes Regency is one of the areas with the highest Maternal Mortality Rate

(MMR) in Central Java, and GH/PE is the leading cause. This study aimed to analyze the differences

in Blood Lead Levels (BLL) in pregnant women with GH/PE and normal pregnant women in the Brebes

district. Methods: This study used a cross-sectional design. By selecting and applying inclusion criteria,

we found 18 subjects in the case or the GH/PE group, and 46 subjects in the control or normotension

group. Measurement of BLL was carried out using Atomic-absorption spectrometry (AAS). Some of the

statistical methods used were independent t-test, Mann-Whitney test, Chi-square test, for the risk

estimate used the calculation of the Odds-Ratio (OR) and 95% Confidence Interval (CI), multivariate

logistic regression test, and Rank-Spearman correlation test. Results and Discussion: The median

value and range of the BLL in the case and control group were 40.20 g/dL (15.50-89.20) and 32.75 g/dL

(3.60-42.80), respectively (p=0.011). Pregnant women with the BLL ≥ 35.15 g/dL had eight times the

risk of experiencing GH/PE (Adj-OR=8.1; 95% CI=1.7-39.0). Lead exposure will increase the production

of Reactive Oxygen Species (ROS), resulting in oxidative stress, and plays a role in endothelial

dysfunction and increased the blood pressure. Conclusion: The BLL in pregnant women with GH/PE

is higher than normal pregnancies, and the BLL in the 'high' category is a risk factor for GH/PE.

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia

INTRODUCTION

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days

of termination of pregnancy, caused or related to the process of pregnancy or childbirth, not due to

accidents or other incidental causes, is still a health problem worldwide, especially in developing
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THE DIFFERENCES IN BLOOD LEAD LEVELS IN WOMEN WITH GESTATIONAL 1 

HYPERTENSION OR PRE-ECLAMPSIA AND WOMEN WITH NORMAL PREGNANCY  2 

(A STUDY ON PREGNANT WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT) 3 

 4 

ABSTRACT 5 

Introduction: Gestational Hypertension hypertension (GH) and Pre-eclampsia (PE) are the leading 6 

causes of maternal death. Lead eExposure to lead from the environment, especially from the 7 

agricultural activities, may contribute to the occurrence of GH/PE in cause pregnant women to suffer 8 

from GH and PEin the agricultural area of Brebes district. The exposure to lead can trigger GH/PE may 9 

occur through oxidative stress mechanisms and progressive endothelial damage. Brebes Regency 10 

district is one of the areas with the highest maternal mortality rate (MMR) in Central Java, and where 11 

the occurrence of GH/PE is the leading causewas a lot. This study aimed to analyze the differences in 12 

blood lead levels (BLL) in pregnant women with GH/PE and normal pregnant women in the Brebes 13 

district. Methods: This study used a cross-sectional design. By selecting and applying inclusion criteria, 14 

we found 18 subjects were selected in the case or for the GH/PE group (case group), and 46 subjects 15 

were selected for the in the control or normotension group (control group). Measurement of BLL was 16 

carried out using the Aatomic-absorption spectrometry (AAS). Some of the statistical methods used 17 

were independent t-test, Mann-Whitney test, Chi-square test, for the risk estimate used the calculation 18 

of the Odds-Ratio (OR) and 95% Confidence Interval (CI), multivariate logistic regression test, and 19 

Rank-Spearman correlation test. The risk estimate was calculated from the odds-ratio (OR) and 95% 20 

confidence interval (CI) Results and Discussion: The median value and range of the BLL in the case 21 

and control groups were 40.20 g/dL (15.50-89.20) and 32.75 g/dL (3.60-42.80), respectively (p = 0.011). 22 

Pregnant women with the BLL of ≥ 35.15 g/dL had eight times the risk of experiencing GH/PE (Adj-OR 23 

= 8.1; 95% CI = 1.7-39.0). Lead eExposure to lead will increase the production of reactive oxygen 24 

species (ROS), resulting in oxidative stress , and plays a role in endothelial dysfunction in addition to 25 

and increased increasing the blood pressure. Conclusion: The BLL in pregnant women with GH/PE is 26 

higher than women with normal pregnanciespregnancy, and the BLL in the 'high' high category is a risk 27 

factor for GH/PE. 28 

Keywords: Blood lead levels, pregnant women, gestational hypertension, pre-eclampsia 29 



 30 

 31 

INTRODUCTION 32 

Maternal death, namely death in women that occurs during pregnancy and childbirth, or within 42 days 33 

of termination of pregnancy. , caused or related to the process of pregnancy or childbirth, not due to 34 

accidents or other incidental causes, It is still a health problem worldwide, especially in developing 35 

countries. Every day, around 810 women die due to the process ofduring pregnancy or pregnancy or 36 

childbirth that they undergo (1). In addition to bleeding and infection after delivery, the leading cause of 37 

maternal death is an increase in blood pressure after 20 weeks of gestation, known as gestational 38 

hypertension (GH) or pre-eclampsia (PE) (2,3).  GH is a systolic blood pressure (SBP) of at least 140 39 

mm Hg and/ or a diastolic blood pressure (DBP) of at least 90 mm Hg after the 20th week of pregnancy, 40 

. in pregnant women whose blood pressure was normotensive before pregnancy and until 20 weeks of 41 

gestation. If the increase in blood pressure is accompanied by proteinuria, it is referred to as PE (4). 42 

The data shows GH/PE accounts for about 18% of maternal deaths globally or , which is around 62,000 43 

to 77,000 deaths per year  (4,5). 44 

The pathophysiology of GH/PE is still unclear, but it is strongly suspected that it is due to disturbances 45 

in the process of placentation in early pregnancy followed by an inflammatory process and progressive 46 

endothelial damage are strongly suspected as the disorder (6,7). Some of the risk factors for GH/PE 47 

that have been widely discussed are primiparas, history of hypertension or impaired renal function 48 

before pregnancy, history of hypertension or GH/PE in previous pregnancies, diabetes, obesity, age 49 

over 40 years, multiple pregnancies, family history of PE, and so on (5,8). Several recent studies have 50 

shown that environmental factors have the potential to trigger the incidence of GH/PE, including 51 

exposure to toxic materials e.g., in the environment, such as pesticides (9,10) and heavy metals, namely 52 

such as lead or plumbum (Pb) (11,12). The research proves that aAn increase in blood lead levels 53 

(BLL) is followed by the rise in blood pressure in of pregnant women (13),  among others through 54 

oxidative stress mechanisms, namely.  iIncreased reactive oxygen species (ROS) (14) in the 55 

mechanism , which triggers endothelial dysfunction and increased increases blood pressure (15,16). 56 

Data from ASEANstats shows showed that the maternal mortality rate (MMR) in Indonesia in 2014 was 57 

still relatively high,  at namely 190/100,000 live births (17) and still far from the sustainable development 58 



goal’s (SDGs) target of at 70/100,000 live births by 2030 (18).  In the South East Asia Region, tThe 59 

MMR in Indonesia is only better than Laos and Myanmar but the rest of South East Asia regions (17). 60 

Central Java is one of the provinces that contributes has the largest maternal mortality rate (MMR) 61 

MMR in Indonesia (19), which is at 76.9/100. ,0000 live births (20), and is ranked second nationally 62 

(19).  63 

In 2019, Brebes Regencydistrict, which is located on the Northern Coast of Java, is the highest 64 

contributor to maternal mortality in Central Java, with having 37 cases (20). Data from the Brebes 65 

Regency District Health Office shows showed that one of the main causes of maternal mortality in this 66 

area is GH/PE, which is at 67.7% percent (21). Environmental (pollution) factors (pollution), one of 67 

which is lead exposure to lead, should beare likely suspected of having contributed contributing to the 68 

high rate of GH/PE incidence in pregnant women in Brebes district. The exposure to lead , which may 69 

come from industrial, transportation, and agricultural activities.    70 

In everyday life, lead exposure to lead can comes from sanding paint or house dust, eating and drinking 71 

utensils, cosmetics, glass pots, soil and drinking water from lead pipes, faucets, and plumbing fixtures 72 

(22). Several studies on the north coast of Java have also proven that there are other potential risks of 73 

lead exposure, namely include fish (23), vegetables, especially shallots (24), which are the main 74 

agricultural commodities in Brebes district. In addition to industrial activities and transportation, the main 75 

source of lead exposure in pregnant women in the agricultural area of Brebes Regency may come from 76 

the agriculture, and battery recycling activities in the area.  Might be the main source of lead (25). The 77 

transmission routes of lead are mainly occur as pregnant women from the maternal involvement get 78 

involve in agricultural activities, and consume exposure through lead contamination in lead-79 

contaminated food or beverages consumed daily. This study aimed to analyze the differences in BLL 80 

in pregnant women with GH/PE and normal pregnant women with normal pregnancy. Besides, it and 81 

to proved that whether the high BLL are is a risk factor for the incidence of GH/PE in pregnant women.  82 

METHODS 83 

This study was is an analytic observational study with a cross-sectional design. The target population 84 

is was all pregnant women ion the North Coast of Java. The accessible population was pregnant women 85 

who were registered at two Community Health Centers primary healthcare centers (Pusat Kesehatan 86 

Masyarakat, Puskesmas) on in the North coast Coast of Java, Brebes district, in September and 87 



October 2017, . In total, there were totaling 275 people. The two Puskesmas primary healthcare centers 88 

were chosen because they were the Puskesmas withhad the highest number of pregnant women in 89 

these areasamong the areas of the coast. As an effort tTo control the confounder confounding variables, 90 

inclusion criteria were applied for the subjects, as follows such as : age of subjects at age 20-35 years, 91 

the gestational age of > 20 weeks, and singleton pregnancy. 92 

Based on data recorded at the Puskesmas, oThe data obtained from the primary health care centers 93 

showed out of 275 pregnant women, 179 (65.1%) met the inclusion criteria, and 24 of them (13.4%) 94 

were the case (GH/PE) group pregnant women withfor having the systolic blood pressure (SBP)  of 140 95 

mm Hg or more, or diastolic blood pressure (DBP) of 90 mm Hg or more, or both, with or without 96 

proteinuria. , which was then categorized as a case (GH/PE) group, wWhile out of 155 subjects with 97 

normotensive, 50 subjects were randomly selected as the control (normotensive) group. Of the 24 98 

subjects in the GH/PE group, 6 six subjects refused to participate in the study , for fear of having a 99 

blood drawcollection, while in the control group there were 4 subjects who refused to participate for the 100 

same reason, so.  tThe analysis was carried out on to 18 subjects in the GH/PE group and 46 subjects 101 

of in the normal group. The flow chart of the subjects selection of study subjects can be seen in Figure 102 

1. 103 

The data about on an increase inincreased blood pressure (BP) above 140/90 mm Hg after 20 weeks 104 

of gestation , to determine whether the subjects were in the GH/PE group or the normal pregnancy 105 

group, were taken from the medical records during the antenatal care (ANC) process at the 106 

Puskesmasthere. The medical records were done by , where the measurements were performed by 107 

trained health personnel (midwives). The use of medical records determined whether the subjects were 108 

in the GH/PE group or the normal pregnancy group.  In carrying out the research, BP measurements 109 

were also carried out (as a cross-check and referred to as current BP) by trained research team 110 

members, using a the Microlife brand digital sphygmomanometer. The measurements were repeated 111 

thrice , with three repetitions, and averaged automatically. Anthropometric measurements (height and 112 

weight) were performed using a the Seca® 213 stadiometer and a Seca® 813 electric flat scale. 113 

The measurements of BLL was were carried out using the atomic-absorption spectrometry (AAS) 114 

method by the GAKY Laboratory, Faculty of Medicine, Diponegoro University. Information about the 115 

characteristics of the subjects (age, the maternal education level, the maternal occupation), the number 116 

of times the subject has been pregnantpregnancies (gravida), the family history of hypertension, and 117 



the family history of diabetes mellitus (DM) were was taken by during interview using a structured 118 

questionnaire. Data were analyzed using SPSS version 20 software.  119 

Some of the statistical methods used were independent t-test, Mann-Whitney test, Chi-square test, for 120 

the risk estimate used the calculation of the Odds-Ratio (OR) and 95% Confidence Interval (CI), 121 

multivariate logistic regression test, and Rank-Spearman correlation test. The risk estimate was 122 

calculated from the odds-ratio (OR) and 95% confidence interval (CI). To determine the cut-off value of 123 

maternal women’s ages, body mass index (BMI), and BLL as predictors/risk factors for GH/PE, the 124 

receiver operating characteristic (ROC) curve method was used.  The area under curve (AUC), 125 

sensitivity and specificity values were used as considerationsconsidered to determine the cut-off value 126 

(26). A multivariate logistic regression test using the Backward Wald method was used to identify the 127 

main risk factors for GH/PE from the three candidate variables, i.e., maternal age, BMI, and BLL (27). 128 

Thise research activity was approved by the Medical Research Ethics Committee of the Faculty of 129 

Medicine, Universitas Diponegoro (No. 664/ EC/FK-RSDK/XI/2017). 130 

RESULTS 131 

Even though the inclusion criteria for maternal women’s age were was applied (20-35 years old), it 132 

turned out that the maternal age in the GH/PE group was mostly still higher older than the normal group. 133 

There was a significant difference in maternal ages between GH/PE and normal groups (p-value < 134 

0.001). The data showed that with the gestational age and height of the subjects being were relatively 135 

the same in both groups (p-values p = 0.970; p = and 0.747, respectively), ). hHowever, the BMI in the 136 

case (GH/PE) group was higher than the control (normotensive) group (p = 0.018) (Table 1). The results 137 

showed there was a significant difference in current BP, systolic and diastolic blood pressures , between 138 

the case and control groups (all of p < 0.001 for both). For the other characteristics data, i.e., Regarding 139 

maternal education level, gravida, maternal occupation, family history of hypertension, and family 140 

history of DM, there were no significant differences between the two groups (all p > 0.05 for both). 141 

The Mann-Whitney U-test proved that the BLL in the case group was higher compared to the control 142 

group (p = 0.011). The median value and range of BLL in the case and control group were 40.20 g/dL 143 

(15.50-89.20) and 32.75 g/dL (3.60-42.80), respectively (Figure 2).  144 

Regarding the differences in maternal age, BMI, and BLL between the GH/PE and the normal groupsthe 145 

groups, the cut-off values of these three variables waswere determined using the ROC curve (Figure 146 



3). The results of the cut-off determination obtained a value of 31.5 years for maternal age (AUC=0.809; 147 

sensitivity = 88.9; specificity = 76.1), 28.4 kg/m2 for BMI (AUC=0.708; sensitivity = 72.2; specificity = 148 

63.0), and 35.15 µg/dL for BLL (AUC = 0.707; sensitivity = 72.2; specificity = 69.6). The results showed 149 

tThere were significant relationships between maternal age, BMI, and BLL with the incidence of GH/PE 150 

(all of p < 0.05 for both) (Table 2).  151 

The results of the multivariate logistic regression test using the Backward Wald method showed, two 152 

variables were the independent risk factors for GH/PE, namely: maternal age of ≥ 31.5 years and BLL 153 

of ≥ 35.15 g/dL (Table 3). To analyze the potential role of the three variables, maternal age, BMI, and 154 

BLL in increasing blood pressure, a correlation test was conducted between the threethese variables 155 

and the BP variables (systolic/diastolic blood pressures) whose measurements were carried out during 156 

the study. The Rank-Spearman test showed a significant correlation between maternal age and BMI (p 157 

< 0.001; r = 0.442), maternal age and SBP (p < 0.001; r = 0.582), and maternal age and DBP (p < 158 

0.001; r = 0.491). Meanwhile, for BLL, although it was not significant, it was positively correlated with 159 

BMI (p = 0.067; r = 0.231), SBP (p = 0.113; r = 0.200), and DBP (p = 0.224; r = 0.154). The results of 160 

the Rank-Spearman correlation test are presented in Table 4. 161 

DISCUSSION 162 

The results showed that the BLL in the case (GH/PE) group was higher than the normotensive pregnant 163 

women group and . tThe 'high' high BLL (≥ 35.15 µg/dL) was an independent risk factor for the incidence 164 

of GH/PE. The multivariate logistic regression test proved that pregnant women with the BLL of ≥ 35.15 165 

µg/dL had eight times the risk of developing experiencing GH/PE.  Al-Jameil's studyResearch in Saudi 166 

Arabia got found the same results that, BLL in women with PE was greater than normal pregnant women 167 

(28).  A cohort study in Sweden ’s populations showed the exposure to the low-level of low lead level 168 

can increases blood pressure and may increases the risk of developing experiencing hypertension in 169 

the age group of 46-67 years old population (29).  The impact of lead eExposure to lead on which may 170 

increase increasing blood pressure was also proven by research on car painting workers in Surabaya 171 

(30). 172 

The current BLL examination in the study subjects showed very high levels , namelyof BLL,  with the 173 

median value reached of 40.20 µg/dL in the GH/PE group and 32.75 µg/dL in the normal pregnancy 174 

group. This resultThe value  waswas  lower than the study that of women in Nigeria which got a median 175 



BLL value in pregnant women ofwas 64.3 µg/dL (31), but higher than that of women in the study in 176 

Saudi Arabia which got the highest BLL in pregnant women with PE which was below 30.0 µg/dL (28).  177 

Disha's study Research in Taiwan got showed much lower results, where 2.38 g/dL in the normal 178 

pregnant women had 2.38 g/dL, and the PE group has 3.42 g/dL in the PE group (12).   179 

The main source of lead exposure in the research sites subjects at the study site, probably came from 180 

contamination of contaminated food, especially marine products and vegetables. In additionBesides, 181 

the mother's involvementas women got involved in agricultural activities,  also has the potential to they 182 

likely got exposed to lead which increased their BLL levels. Research in the agricultural area of Brebes 183 

district proves proved that the lead content in soil and vegetables exceeds the minimum allowable 184 

threshold value (32). Several types of pesticides that are often used in the Brebes shallot farming areas 185 

have been proven to contain lead (33).  186 

Regarding lead exposure to lead, there is no safe limit for BLL in pregnant women and children (34). 187 

Even , so even the slightest lead exposure to lead should be avoided. Exposure to lead in small but 188 

continouscontinuous doses but continuously (long term), ) harms the body as lead enters through the 189 

respiratory tract (inhalation) and the digestive tract (oral), ). It causes bioaccumulation of lead in the 190 

body which will be stored in the bones (35). In pregnant women, the need for calcium increases, 191 

especially to support fetal growth (36,37). When the calcium intake is inadequate, there will be a 192 

disassembly of calcium reserves cannot be maintained in the bones (bone decalcification).  and 193 

fFollowed by the release of lead in the bones, causing the increase of BLL will increase (38,39). The 194 

insufficient intake of calcium may be one of the causes of the high BLL in pregnant women in the 195 

location of studyresearch subjects.  196 

GH/PE is a health problem in pregnant women whose pathophysiology is unclear (7,40). One of the 197 

causes factors thought to be the cause is oxidative stress (41,42).  Lead eExposure to lead causes an 198 

increase in the production of reactive oxygen species (ROS) which triggers the oxidative stress. 199 

Oxidative stress plays a role in the occurrence ofleads to endothelial function disorders and increased 200 

blood pressure. The increase in ROS causes the nitric oxide (NO), which is a vasodilator, to become 201 

inactive, thereby increasing intra-arterial pressure and lowering NO production (16). The presence of 202 

disturbances in these three components (increased ROS, raise arterial pressure, and lower NO 203 

production) causes an increase in peripheral vascular resistance so thatalong with increased blood 204 

pressure increases (43).  205 



The experimental studies in animals have shown that lead exposure to lead can increase plasma 206 

norepinephrine and downregulate adrenergic receptors, thereby stimulating the sympathetic nervous 207 

system and, leading to an increased vasoconstrictive response (41). Lead also interferes with the 208 

function of the Na/K-ATPase pump which plays a role in maintaining intracellular calcium balance. It  so 209 

that lead can is able to affect the sodium gradient and affect the activity of the sodium/calcium 210 

exchanger, which results in an increaseincreases intracellular calcium and increases the smooth 211 

muscle cells contractility (44).  212 

Several reviews have shown that pregnant women with GH/PE have low NO levels, increased ROS, 213 

and endothelial dysfunction (45,46). The proven positive relationship between GH/PE development and 214 

BLL, coupled with good theoretical (proven by pathogenic) studies, suggests that lead exposure to 215 

leads contributes to the this pregnancy complications (11,12).  216 

In additionBesides, to lead exposure factors, the findings in thiscurrent study also found other variables 217 

that could potentially became risk factors for GH/PE, namely maternal age and BMI. The results of the 218 

cut-off value calculation for the age variable showed that maternal age of > 31.5 years is was a risk 219 

factor for GH/PE. Das's rResearch results proved that maternal age over 35 years is a risk factor for 220 

PE (47). While the results of this study obtained a younger age limit (31.5 years old), this is was probably 221 

due to differences related toin ethnicity and the risk of exposure to toxic substances in the environment. 222 

Meanwhile, for the BMI variable, information was obtained that the gestational age and maternal height 223 

were relatively the same in both groups (GH/PE and normal pregnancy), ); the weight of the subjects in 224 

the case (GH/PE) group was greater, so thatso was BMI.  in the case group was also proven greater 225 

than the normal pregnant group and the The difference in these variables between the groups was 226 

significant. The results of this study prove that This study revealed BMI of > 28.4 increases increased 227 

the risk of GH/PE. Several studies have shown that the excessive weight gain in pregnant women 228 

increases the risk of GH/PE (48,49). The excessive weight gain during pregnancy is thought to belikely 229 

associated with chronic inflammatory conditions, which causes an increase surges in plasma levels of 230 

C-reactive protein,  and inflammatory cytokines (50–52), and a systemic inflammatory response 231 

characterized by increased ROS that damages endothelium cells in blood vessels, resulting in clinical 232 

symptoms of GH/PE (53,54). 233 



This study showed a positive correlation between BLL and BMI (Table 4). This finding is sSimilarly, to 234 

the results of a study in China that proved found BLL was is independently associated with BMI in of 235 

women (55), while the other study concluded children whose mothers had elevated BLL (≥5.0μg/dL) 236 

were are more likely to be overweight or obese (56). The mechanism of tThe increase in BMI due 237 

tobecause of lead exposure to lead is thought to be likely related to the occurrence of oxidative stress 238 

which disrupts endocrine function and body fat metabolism (57). Meanwhile, another theory explains 239 

proposes the presence of alterations in the hypothalamic-pituitary-adrenal axis, stress-induced 240 

increases in glucocorticoid levels, oxidative stress, and the changes in lipid metabolism have been 241 

proposed (49).  242 

Lead is also hematotoxin and which interferes with hemoglobin (Hb) synthesis, causing anemia via the 243 

inhibition of ferrochelatase and δ-aminolaevulinic acid dehydratase (ALAD), the two of  among many 244 

enzymes involved in heme biosynthesis (58). Several studies on the impact of lead exposure to lead 245 

on the blood system, both in adults and children, have been carried out. Research in India proves 246 

proved that BLL in pregnant women with anemia is greater than in non-anemic pregnant women (59). 247 

In pregnant women, aAnemia in pregnant women needs to be prevented, because it can causes 248 

impaired fetal growth, low birth weight or small for gestational age (60), and increased risk of maternal 249 

and perinatal mortality (61).  250 

In addition to the impact on pregnant women, including the occurrence of GH/PE, must also be watched 251 

lead exposure to lead for its impact impacts on the fetus, especially the impact on fetal growth and 252 

development (62,63). Research proves showed an increase of 1 µg/dl BLL was associated with 253 

changes in birth weight of −9.93 g, head circumference -0.03 cm, and crown-heel length of -0.05 cm 254 

(64).  A systematic review has shownfound that lead exposure to lead is a risk factor for attention deficit 255 

hyperactivity disorder (ADHD) in children (65,66). Research in Korea revealed that the children with 256 

BLL above 2.30 µg/dL were at a 2.5-fold greater risk of having ADHD (66). Another study concluded 257 

that maternal BLL in late pregnancy of < 5mg/dL affects affected the neurodevelopment of children up 258 

to 36 months of age (67). These results prove that even in low exposure, the toxic nature of lead in is a 259 

serious problem for children's growth and development needs attention.  260 

Based on the findings of this study, tTo reduce maternal mortality, the Indonesian Ministry of Health 261 

needs to take into account environmental factors, namely e.g., the presence of lead as one of the toxic 262 

materials , one of which is lead exposure, which can trigger the incidence of emergence of GH/PE in 263 



pregnant women. In the high-risk areas for that are at high risk of lead exposure to lead (e.g., industrial 264 

or agricultural areas), it is necessary to carry out BLL examination on pregnant women in the 1st first 265 

trimester, especially in the age group above 30 years. , eEven earlier screening should be carried out , 266 

namely to check BLL in women who have pregnancy planningare planning a pregnancy.  267 

Calcium supplementation programs for pregnant women also need to be encouraged. Several studies 268 

have shown that high doses of calcium supplementation (1200 mg/day) can reduce the BLL  in pregnant 269 

women (68) and prevent the occurrence of GH/PE (69). The World Health Organization (WHO) 270 

recommends calcium supplementation (1,500-2,000 mg/day) in pregnant women from 20 weeks of 271 

gestation until the end of pregnancy. , eEspecially, those who are at high risk of developing gestational 272 

hypertension should take the supplementation (70). The WHO also recommends calcium 273 

supplementation in pregnant women with BLL of ≥ 5µg/dL and inadequate calcium intake (71).  274 

Adequate calcium intake during pregnancy will prevent the occurrence of disassembly of inadequacy 275 

of calcium reserves resources in the bones (bone decalcification) so that the risk of the release of lead 276 

in from the bones into the circulatory system can also be prevented.  Calcium intake also plays a role 277 

in the mechanism of blood pressure regulation , namely by modifying calcium in vascular smooth 278 

muscle cells and by regulating blood vessel volumes through the renin-angiotensin-aldosterone system. 279 

The inadequate intake of calcium intake will result in increasedincrease the activity of the parathyroid 280 

gland. The excessive parathyroid hormone also will increase intracellular calcium in vascular smooth 281 

muscle, which causes vasoconstriction and increases blood pressure (72).  282 

Theoretically, the best effort to overcome the impact of exposure to toxic substances in the environment 283 

on health is to reduce reducing the use of these toxic materials, for example,  at the source, such as, 284 

reducing the reduced use of lead, oil, pesticide and others in the electronics industry, battery industry, 285 

fuel. oil, pesticide, etc. Another effort is to reducereducing the contamination-risk factors of lead 286 

exposure by reducing its presence in water, air, soil, food/drink, and objects around us. Research has 287 

shown showed that remediation efforts, i.e., e.g., reducing the lead content in the soil at in the battery 288 

recycling site, can reduce the BLL in children living around this location (73). However, implementing 289 

some of these alternative solutions is not easy. So,Thus, early detection of BLL in pre-conception period 290 

is the best solution, apart frombesides calcium supplementation. The American College of Obstetricians 291 

and Gynecologists (ACOG) states stated that pregnant and lactating women with current or previous 292 



BLL of 5 µg/dL or higher should get the intervention related to nutritional intake, especially calcium and 293 

iron supplementation (74).   294 

Based the discussion, it can be seen that there is a high risk of lead exposure to lead in pregnant women 295 

in the Brebes district on the North Coast of Java in Brebes district. It which has an impact on the 296 

highincreasing BLL which trigger an increase in and blood pressure (GH/PE). The limitation of this study 297 

is that there is was no measurement of oxidative stress parameters, such as levels of ROS and NO, or 298 

endothelin which can more accurately describe the mechanism of GH/PE due tobecause of lead 299 

exposure to lead. The cross-sectional design used in this study also caused the temporality aspect to 300 

be uncertain, , . wWwhether lead exposure to lead occurred before the occurrence of GH/PE was not 301 

identified. To analyze the impact of lead exposure to lead on the health of pregnant women, fetal growth, 302 

further cohort studies need to investigate  delivery process, pregnancy outcomes, and even the quality 303 

of child development , cohort studies starting in the first trimester  of pregnancycan be considered.   304 
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CONCLUSION 310 

The BLL in pregnant women with GH/PE is higher than normal pregnanciespregnant women, and the 311 

BLL in the 'high' category (≥ 35.15 µg/dL) is an independent risk factor for GH/PE. For better prevention 312 

preventive efforts, BLL screening should be carried out in high-risk women or in the pre-conception 313 

period itself. Further, , and the calcium supplementation program can be done earlier, starting from the 314 

1st first trimester of pregnancy.  315 
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275 subjects (pregnant women 

registered at 2 Primary 

Healthcare Centers in the 

period September-October 

2017) 

n=179 

24 subjects with BP ≥ 

140/90 mmHg (5 subjects 

with proteinuria) 

155 subjects with normal BP 

(<130/90 mmHg) 

n=18 

GH/PE group 

 

n=50 

6 subjects refused 

to participate 

4 subjects refused 

to participate 

Random sampling 

96 did not meet the 
inclusion criteria, namely: 
1. Age 20-35 years 
2. Gestational age> 20 
weeks 
3. Singleton pregnancy 

n=46 
Normal pregnancy group 



579 
[J71] 580 

Figure 1. Flow chart of the sSelection of study research subjects 581 
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 586 
 587 
 588 
 589 
 590 
Table 1: Subjects cCharacteristics in of study GH/PEcase and normacontrol groups 591 

Characteristics GH/PE group (n = 18) Normal group (n = 
46) 

p- values 

Age (years)  33.1 ± 1.97 28.4 ± 4.52 <0,.001a 

Gestational ages (weeks) 25.5 (21 - 40) 27.0 (21 - 38) 0.970b 

Weight* (Kg) 71.2 ± 12.09 63.4 ± 12.10 0.024a 

Height* (cm) 153.5 ± 5.53  153.0 ± 5.06 0.747a  

BMI (kg/m2) 30.1 ± 4.14 27.0 ± 4.67 0.018 



Current Blood Pressure    
Systolic (mmHg) 158.9 ± 16.34 109.1 ± 13.80 <0.001a 
Diastolic (mmHg) 99.4 ± 11.40  68.6 ± 10.46 <0.001a 

Maternal education level     
Basic educationElementary 
school 

11 (61.1%) 26 (56.5%) 0.660c 

Junior high schoolMiddle 
education 

7 (38.9%) 18 (39.1%)  

Higher education[J72]Senior 
high school  

0 (0.0%) 2 (4.3%)  

Gravida    

Primigravida 1 (5.6%) 12 (26.1%) 0.136c 
Multigravida 17 (94.4%) 34 (73.9%)  

Maternal Occupation    
Housewife 11 (61.1%) 36 (78.3%) 0.054c 

Private Employees 2 (11.1%) 0 (0.0%)  

Farmer        5 (27.8%) 10 (21.7%)   

Family history History of 
hypertensionHypertension 

   

Yes 7 (38.9) 16 (34.8) 0.986c 

No 11 (61.1) 30 (65.2)  

Family history History of 
diabetes Diabetes 
mellitusMellitus 

  

 

 

Yes  2 (11.1) 6 (13.0) 1.000c 
No  16 (88.9) 40 (87.0)  

Values are expressed asNotes: values = mean ± SD; median (range); and frequencies, n (%).  a 592 
Independent,t-test,.      b Mann-Whitney, test,.  c  Chi-square. 593 
 594 
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 603 

Table 2. The association between maternal age, BMI, and BLL with and the incidence of GH/PE 604 

Variables GH/PE group (n = 
18) 

Normal group (n = 
46) 

p- values OR (95% CI) 

Maternal ages 
(years) 

    

≥ 31.5 16 (88.9) 11 (23.9) <0.001 25.4 (5.0-128.4) 
< 31.5 2 (11.1) 35 (76.1)   



BMI (kg/m2)     
≥ 28.4 13 (72.2) 17 (37.0) 0.024 4.4 (1.3-14.6) 
< 28.4 5 (27.8) 29 (63.0)   

BLL (µg/dL)     
≥ 35.15 13 (72.2) 14 (30.4) 0.006 5.9 (1.8-19.9) 
< 35.15 5 (27.8) 32 (69.6)   

 605 
Table 3. The results of multivariate logistic,regression.  606 

Variables B SE Wald p Adj-OR (95% CI) 

Maternal ages 3.452 0.915 14.229 <0.001 31.5 (5.2-189.6) 

BLL 2.087 0.804 6.734 0.009 8.1 (1.7-39.0) 

Constant -4.057 0.973 17.388 <0.001  

 607 

 608 

 609 
Figure 2. The differences in BLL between GH/PE and normal group 610 

 611 

 612 



 613 
 614 
Figure 3. The ROC curve for the cut-off determination of maternal age, BMI, and BLL cut-off 615 
values 616 
 617 
 618 

Table 4. The correlation between Maternal maternal Agesage, BMI, BLL, SBP, and DBP 619 

 BMI BLL SBP DBP 

Maternal Ages 0.442; <0.001 0.156; 0.218 0.582; <0.001 0.491; <0.001 

BMI - 0.231; 0.067 0.513; <0.001 0.399; 0.001 

BLL 0.231; 0.067 - 0.200; 0.113 0.154; 0.224 

Notes: Values  are expressed values according to the correlation coefficient (r) and p-values 620 

 621 
 622 

 623 

 624 

 625 

 626 



Letter of Acceptance - Jurnal Kesehatan Lingkungan

Dari: Jurnal Kesehatan Lingkungan Universitas Airlangga (jkesling@fkm.unair.ac.id)

Kepada: suhartono_damas@yahoo.com

Tanggal: Kamis, 30 Desember 2021 15.46 WIB

31484 Suhartono Suhartono.pdf
163.1kB

Dear Mr./Mrs. Suhartono

We would like to inform you that the article under the title "THE DIFFERENCES IN BLOOD LEAD LEVELS IN
GESTATIONAL HYPERTENSION OR PRE-ECLAMPSIA AND NORMAL PREGNANCY (STUDY ON PREGNANT
WOMEN IN THE NORTH COAST OF JAVA, BREBES DISTRICT)" has received approval from 2 reviewers. The
manuscript has passed the final plagiarism test (Turnitin) as well.

The editorial team has declared that the article is Accepted to be Published in Jurnal Kesehatan
Lingkungan Volume 14 No. 1 of January 2021. We have attached the Electronic Letter of Acceptance (e-LoA) as
proof of validity as well.

Please visit us for further information: https://e-journal.unair.ac.id/JKL

We appreciate the good cooperation during the review process. Your article will be processed to the editing stage
and we will notify you later if there is anything to clarify or else. Thank you

Best Regards,

Editorial Team of Jurnal Kesehatan Lingkungan

--

JURNAL KESEHATAN LINGKUNGAN

Fakultas Kesehatan Masyarakat Universitas Airlangga

Kampus C Universitas Airlangga

Jl. Mulyorejo Kampus C Unair, Surabaya 60115, Indonesia.

E-mail: jurnal.keslingua@gmail.com / jkesling@fkm.unair.ac.id

Phone: +62 896 7581 6284

Yahoo Mail - Letter of Acceptance - Jurnal Kesehatan Lingkungan https://mail.yahoo.com/d/search/name=Jurnal%2520Kesehatan%2520Li...

1 of 1 25/02/2022, 13:53

https://e-journal.unair.ac.id/JKL
https://e-journal.unair.ac.id/JKL
mailto:jurnal.keslingua@gmail.com
mailto:jurnal.keslingua@gmail.com
mailto:jkesling@fkm.unair.ac.id
mailto:jkesling@fkm.unair.ac.id
HP
Highlight

HP
Highlight

HP
Text Box
Accepted 



JURNAL KESEHATAN LINGKUNGAN 
Address : Fakultas Kesehatan Masyarakat Kampus C Universitas Airlangga 

Jl Mulyorejo Surabaya, Telp. (031) 5920948, Fax. 031-5924618 

Website: https://e-journal.unair.ac.id/JKL/index  
Email: jkesling@fkm.unair.ac.id  

 
 
 
 

 

ISSN 1829-7285       e-ISSN  2540-881x 

  

 

Notification of Acceptance Letter 

Dear Authors, 

The reviewers have completed their review of your paper submitted for the Jurnal 

Kesehatan Lingkungan. The final decision is made base on the peer-review reports, the 

scientific metric and the relevance. We are pleased to inform you that your paper has now been 

accepted and will be published in the forthcoming issue. 

Manuscript number JKL-2021-31484 

Author(s) Suhartono Suhartono1*, Apoina Kartini2, Budiyono Budiyono1, Yusniar 

Hanani Darundiati1 

Affiliation 1Department of Environmental Health, Faculty of Public Health, 

Diponegoro University, Semarang 50275, Indonesia 
2Department of Public Health Nutrition, Faculty of Public Health, 

Diponegoro University, Semarang 50275, Indonesia 

Tittle The Differences in Blood Lead Levels in Women with Gestational 

Hypertension or Pre-Eclampsia and Women With Normal Pregnancy  

(A Study in the North Coast of Java, Brebes District) 

Corresponding author* suhartono_damas@yahoo.com 

Publish Volume 14, issue 1 

Article History Submitted Article: 20 November 2021 

Review Article: 13 December 2021 

Accepted Article: 30 December 2021 

Published Article: 31 January 2022 

Available online https://e-journal.unair.ac.id/JKL 

 

Thank you for considering the Jurnal Kesehatan Lingkungan as a possible outlet for your 

research. 

 

Your sincerely,  

Managing Editor  

 

 

Aditya Sukma Pawitra, S.KM., M.KL 
Please scan this barcode to find 
out the legality. 

https://e-journal.unair.ac.id/JKL/index
mailto:jkesling@fkm.unair.ac.id
http://u.lipi.go.id/1180427475
http://u.lipi.go.id/1473235283
mailto:suhartono_damas@yahoo.com
https://e-journal.unair.ac.id/JKL


(view certificate here)

Editorial Team

List of Reviewers

Contact

Guide for Author

Online Submission

Supporting File

Supporting Software

Focus & Scope

Publications Frequency

Section Policy

Peer Review Process

Plagiarism Screening

Open Access Policy

Archiving

Ethical Clearance

Publication Ethics

Article Processing Charge

Copyright Notice

Visitor Statistics

Back Issue 2005-2014

HOME  ABOUT  USER HOME  SEARCH  CURRENT  ARCHIVES  ANNOUNCEMENTS  INDEXING & ABSTRACTING

Home > Vol 14, No 1 (2022) > Suhartono

THE DIFFERENCES IN BLOOD LEAD LEVELS IN WOMEN
WITH GESTATIONAL HYPERTENSION OR PRE-ECLAMPSIA

AND WOMEN WITH NORMAL PREGNANCY (A STUDY IN THE
NORTH COAST OF JAVA, BREBES DISTRICT)

Suhartono Suhartono, Apoina Kartini, Budiyono Budiyono, Yusniar Hanani Darundiati
 

 = http://dx.doi.org/10.20473/jkl.v14i1.2022.27-36

 

 Abstract views = 240 times |  downloads = 66 times 

ABSTRACT
 

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the leading causes of maternal
death. Exposure to lead from the environment, especially agricultural activities, may cause pregnant women to
suffer from GH and PE. GH/ PE may occur through oxidative stress mechanisms and progressive endothelial
damage. Brebes District is one of the areas with the highest Maternal Mortality Rate (MMR) in Central Java
where the occurrence of GH/PE was a lot. This study aimed to analyze the differences in Blood Lead Levels
(BLL) in pregnant women with GH/PE and normal pregnant women in Brebes District. Methods: This study
used a cross-sectional design. By selecting and applying inclusion criteria, 18 subjects were selected for the
GH/PE group (case group), and 46 subjects were selected for the normotension group (control group).
Measurement of BLL was carried out using the Atomic-Absorption Spectrometry (AAS). Some of the statistical
methods used were independent t-test, Mann-Whitney test, Chi-square test, multivariate logistic regression
test, and Rank-Spearman correlation test. The risk estimate was calculated from the Odds-Ratio (OR) and 95%
Confidence Interval (CI). Results and Discussion: The median value and range of the BLL in the case and
control groups were 40.20 g/dL (15.50-89.20) and 32.75 g/dL (3.60-42.80), respectively (p = 0.011).
Pregnant women with the BLL of ≥ 35.15 g/dL had eight times the risk of experiencing GH/PE (Adj-OR = 8.1;
95% CI = 1.7-39.0). Exposure to lead will increase the production of Reactive Oxygen Species (ROS), resulting
in oxidative stress and endothelial dysfunction in addition to increasing the blood pressure. Conclusion: The
BLL in pregnant women with GH/PE is higher than women with normal pregnancy, and the BLL in the high
category is a risk factor for GH/PE.
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