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ABS TRACT  
 

BACKGROUND 

Hypertension is one of the most common diseases all over the world. Lead is a 

common environmental and industrial pollutant with no beneficial biological role. 

The contribution of environmental lead exposure to hypertension is an important 

public health concern. The objective of this study was to determine the blood lead 

levels in hypertensive patients and to investigate the correlation between blood lead 

(B-Pb) levels and the values of blood pressure in hypertensive patients. 

 

METHODS 

This is a hospital based analytical cross-sectional study conducted over a period of 

one and half years. Subjects included 50 newly detected hypertensive and 50 healthy 

subjects recruited who were both age and sex matched. Mean of age, blood lead levels, 

systolic blood pressure (SBP), diastolic blood pressure (DBP) with standard deviation 

were assessed. Linear regression was used to estimate the predicted systolic blood 

pressure (BP) and diastolic BP with lead levels. Pearson correlation was used to 

estimate the correlation between blood lead and blood pressure levels. 

 

RESULTS 

In this study, 52 % of cases and controls were in the age group of 41 - 60 years. 22 % 

of the subjects were more than 61 years of age. 45 % of the total subjects were 

females and 55 % were males. 46 % of the controls and 44 % of the cases were 

females. Comparison of the serum lead levels (mcg / dl) between cases and controls 

showed that serum lead levels (mcg / dl) were higher in Cases group with a t-value 

of -7.38 and was statistically significant with a P-value of < 0.001. Comparison of the 

serum lead levels (mcg / dl) between the males and females showed that serum lead 

levels (mcg / dl) were higher in female group with a t-value of - 0.151 and was 

statistically non-significant with a P-value of 0.881. This study showed that there is 

an increase in blood lead levels in hypertensive patients compared to the control 

group. Stage 2 hypertension has higher serum lead level value of 21.228 compared to 

stage 1. Serum lead levels were higher in females compared to males. 

 

CONCLUSIONS 

Our study indicated that blood lead level is significantly and positively correlated to 

blood pressure among newly detected hypertensive patients. Increase in blood lead 

levels causes increase in both systolic and diastolic blood pressures. 
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BACK GRO UND  
 

 

 

Hypertension is one of the most common diseases worldwide. 

Due to high blood pressure around 7.6 million deaths (13 - 15 

% of the total) and 92 million disabilities worldwide were 

attributed in 2001. Hypertension increases the risk of 

cardiovascular diseases, including coronary heart disease 

(CHD), congestive heart failure (CHF), ischemic and 

haemorrhagic stroke, renal failure and peripheral arterial 

disease. Even though antihypertensive therapy clearly reduces 

the risks of cardiovascular and renal disease, large segments 

of the hypertensive population are still either untreated or 

inadequately treated.1 

Lead is a highly poisonous metal with no much beneficial 

biological role. It has been detected in all phases of 

environment and biological system. The prolonged existence 

of lead in the blood of humans and animals and its associated 

health risk, is a topic of current debate and concern.2 

Moreover, rapid industrialisation and the continued use of 

leaded gasoline in the developing world appear to be a cause 

for increasing lead exposure.3 

Lot of attention has been paid to the probability that lead 

exposure in the general population among adults can elevate 

blood pressure and increase the risk for cardiovascular 

diseases’ mortality and morbidity.4 There is compelling 

evidence for this association from the epidemiological 

literatures but the exact causal nature of the relationship 

remains controversial. The relationship between lead 

exposure and the rise of blood pressure has received a great 

deal of attention as it was implicated that by reducing lead 

levels in the environment the mortality from cardiovascular 

diseases might be reduced. 

Although the evidence in support of a role of lead induced 

hypertension is strong, it is not conclusive, nor is the 

mechanisms by which lead may act on the vascular system is 

clear. Lead exposure may not be apparent in the general 

population but may be more of a risk factor for certain 

“susceptible populations”. Hypertension remains a significant 

risk factor for other forms of cardiovascular diseases; the 

contribution of potential environmental lead exposure to this 

risk is an important public health concern.2 

Keeping this in background, the current study is being 

conducted to determine the blood lead (B-Pb) levels in 

hypertensive patients and to investigate the correlation 

between B-Pb levels and the values of blood pressure in 

hypertensive patients. 

 

 
 

ME TH OD S  
 

 

This is an analytical hospital based cross sectional study 

conducted at Justice K.S. Hegde Charitable Hospital, attached 

to K.S. Hegde Medical Academy, a unit of Nitte University, 

Deralakatte, Mangalore. This study was conducted for a period 

of 18 months from January 2015 to June 2016. 

 

Sam ple Si ze  

1. Disease group – 50 

2. Comparison group – 50 

Sample size was taken based on the convenience of the study. 

 

 

Di sea se Gr oup  

Patients were categorised as cases if the following criteria 

were met - 

1. Systolic blood pressure of 140 mm Hg or higher. 

2. Diastolic blood pressure of 90 mm Hg or higher. 

 All consenting newly detected hypertensives above 18 

years of age coming to Justice K.S. Hegde Charitable Hospital 

were included in the study. 

 

 

Ex clu si o n Cr i ter i a  

1 .  Chronic kidney disease. 

2. Chronic liver disease. 

3. Painter. 

4. Hypertensive patients on medication. 

 

 

Compar a ti ve  Gr oup  

50 healthy subjects, age and sex matched were taken as 

controls for this study. 

 

 

Me thod o f  Col lec ti o n of  Dat a  

In this study, 50 newly detected hypertensive patients were 

recruited during their visit to K.S. Hegde Charitable Hospital, 

during January 2015 – June 2016. 

After approval by the ethics committee of the K.S. Hegde 

Charitable Medical Academy, written informed consent was 

taken prior to the investigation after detailed information was 

given to the participants regarding the study. 50 healthy age 

and sex matched volunteers were used as controls. 

Each patient was subjected to full complete medical 

history including duration of the disease. All participants 

underwent careful physical examination and necessary 

laboratory investigations to exclude any conditions that may 

interfere with the disease. 

A mean of 3 systolic and diastolic blood pressure 

measurements in sitting posture was taken. Patients were 

categorised as hypertensive if any of the following criteria was 

met- 

1. Systolic blood pressure of 140 mm Hg or higher, 

2. Diastolic blood pressure of 90 mm Hg or higher. 

 

 

Lead A n aly si s  i n the Wh ole  Blood  

The blood samples were collected, serum separated and 

stored in freezers at - 20 degree Celsius and then transported 

at 4 degree Celsius to the biotechnology department of Nitte 

Engineering College and the lead levels were determined by 

employing flame atomic absorption spectrometry. The results 

of B-Pb levels were expressed as μg / dl. 
 

 

S ta ti s ti cal  An aly si s  

Mean blood lead levels with standard deviation was be 

assessed. Data comparisons were performed by using student 

t-test and analysis of variance (ANOVA) with post hoc Tukey 

test. Linear regression was used to estimate the correlation 

between blood lead levels, systolic BP and diastolic BP. 
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Logistic regression was used to estimate the correlation 

between blood lead and hypertension. Multivariate 

adjustment was done for co-variables and finally odds ratio 

was done for the correlation. Significance was set at P-value 

less than or equal to 0.05. Ethical approval was obtained from 

the institutional ethics committee, K. S. Hegde Medical 

Academy. 
 

 
 

 

RES ULT S  
 

 

 

A total of 50 cases and 50 healthy subjects (controls) fulfilling 

the criteria were included in this study. The general 

characteristics of this study with mean age in controls being 

50.96 and in cases being 48.58. The mean systolic blood 

pressure among controls was 124.24 and cases were 150. The 

mean diastolic blood pressure in controls was 78.2 and in 

cases were 93.68. The mean serum lead levels in controls was 

16.94 and cases was 21.07. In this study 52 % of cases and 

controls were between the age group of 41 to 60 years. 22 % 

of the subjects were more than 61 years of age. 

In this study 45 % of the total subjects were females and 

55 % were males. 46 % of the controls and 44 % of the cases 

were females. The mean serum lead levels in controls was 

16.94 and in cases was 21.074. 

Comparison of the serum lead levels (mcg / dl) between 

the cases and control showed that serum lead levels (mcg / dl) 

were higher in cases group with a t-value of - 7.38 and was 

statistically significant with a P-value of < 0.001.

 

 
Figure 1. Comparison of Cases and Controls in Each Age Group Separately 

 

 Groups N Mean 
Std. 

Deviation 

Statistics 
/ Mean 

Squares 

df2 (Welch) / 
F (ANOVA) 

P 
Value 

Serum 
Lead 

Levels 
(Mcg / dl) 

Stage 1 33 20.99394 3.723904 

26.77 33.975 
< 

0.001 Stage 2 17 21.22824 3.314537 

Table 1. Association of Stage of Hypertension and Serum Lead Levels 

* Stage 1 Hypertension – SBP: – 140 – 159 mm \Hg, DBP: - 90 – 99 mmHg 

* Stage 2 Hypertension – SBP: – = / > 160 mmHg, DBP: - = / > 100 mmHg 

 

Dependent 
Variable 

  
Mean Difference 

(I - J) 
Std. Error P-Value 

Serum Lead 
Levels (mcg / 

dl) 

Controls 
Stage 1 - 4.0559394* 0.631368 < 0.001 

Stage 2 - 4.2902353* 0.790339 < 0.001 

Stage 1 Stage 2 - 0.2343 0.840406 0.958 

Table 2. Comparison of Stage of Hypertension and Serum Lead Levels 

 

The serum lead level in the age group 41 to 60 was higher 

compared to other age groups among cases (Figure 1). The 

serum lead levels in females were slightly higher compared to 

males in cases group. 

Comparison of the serum lead levels (mcg / dl) between 

males and females showed that serum lead levels (mcg / dl) 

were higher in female group with a t-value of - 0.151 and was 

statistically non-significant with a P-value of 0.881. 

 

 
Figure 2. Correlation of Stage of Hypertension and Serum Lead Levels 
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Figure 3. Correlation of Lead with Systolic Blood Pressure and Diastolic Blood Pressure 

 Among the cases, 33 had stage 1 hypertension with a mean 

serum lead level of 20.99 and 17 of the cases had stage 2 

hypertension with a mean serum lead level of 21.23 (Table 1). 

Serum lead levels were mildly higher in stage 2 

hypertensive patients compared to stage 1 (Figure 2). 

Comparison of serum lead levels (mcg / dl) between the 

three groups showed that stage 2 group has the highest value 

of 21.228235 and controls had the least value of 16.938. This 

difference was statistically significant with a test value of 

33.975 and p value of < 0.001. Post hoc Tukey tests comparing 

controls and stage 1 groups showed a mean difference of - 

4.0559394* and was statistically significant with a P-value of 

< 0.001. Comparing controls and stage 2 groups showed a 

mean difference of - 4.2902353* and was statistically 

significant with a P-value of < 0.001. Comparing stage 1 and 

stage 2 groups showed a mean difference of - 0.2342959 and 

was not statistically significant with a P-value of 0.958 (Table 

2). 

As systolic blood pressure and diastolic blood pressure 

increases the lead levels increases. 

As lead level increased the systolic blood pressure 

increased which showed good correlation with a Pearson 

correlation of .564 and was statistically significant with a P-

value of < 0.001. As Lead level increased the diastolic blood 

pressure increased which showed very good correlation with 

a Pearson correlation of .766 and was statistically significant 

with a P-value of < 0.001 (Figure 3). 

It is predicted that for everyone mcg / dl rise in lead, 

systolic blood pressure increases by 2.573 mmHg and is 

statistically significant. 

It is predicted that for every one mcg / dl rise in lead, 

diastolic blood pressure increases by 1.478 mmHg and is 

statistically significant. 

 

 
 

DI SCU S SI ON  
 

 

From an epidemiologic perspective, there is no obvious level 

of blood pressure that defines hypertension. In adults, there is 

a continuous, incremental risk of cardiovascular disease, 

stroke and renal disease across levels of both systolic and 

diastolic blood pressure.1 

Clinically, hypertension is defined as that level of blood 

pressure at which the institution of therapy reduces blood 

pressure–related morbidity and mortality. Current clinical 

criteria for defining hypertension generally are based on the 

average of two or more seated blood pressure readings during 

each of two or more outpatient visits.1 

Hypertension is an iceberg disease in which a large 

percentage of a problem is subclinical, unreported or 

otherwise hidden from view. It is a growing concern 

worldwide with a rapidly increasing prevalence. 

Cardiovascular and cerebrovascular complications are known 

to be the leading cause of death among hypertensives. It is one 

of the major risk factors for cardiovascular mortality, which 

accounts for 20 – 50 % of all deaths.5 

High blood pressure (BP) is ranked third most important 

risk factor for attributable burden of disease in south Asia 

(2010).5 The burden of hypertension on cardiovascular health 

status and healthcare systems in India is substantial.6,7 57 % of 
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all stroke deaths and 24 % of all coronary heart disease (CHD) 

deaths in India are caused by hypertension.8 HTN is one of the 

most important causes of premature death worldwide 

according to WHO.9 The global and regional burden of disease 

and risk factors study (2001), in a systematic analysis of 

population health data for attributable deaths and attributable 

disease burden, has ranked hypertension in South Asia as 

second after child underweight for age.10 

In a worldwide data analysis for the global burden of HTN, 

20.6 % of Indian men and 20.9 % of Indian women were 

suffering from HTN in 2005.11 The rates for HTN in percentage 

are projected to go up to 22.9 and 23.6 for Indian men and 

women, respectively by 2025.11 It is both a rural and urban 

health problem with a prevalence of 25 % in urban and 10 % 

in rural people in India.8,12-14 According to the WHO 2008 

estimates, the prevalence of raised BP in Indians was 32.5 % 

(33.2 % in men and 31.7 % in women).15 However, only about 

25.6 % of treated patients had their BP under control, in a 

multicentre study from India on awareness, treatment and 

adequacy of control of HTN.16 

In this cross-sectional comparative study conducted at 

Justice K.S. Hegde Charitable Hospital, Mangalore, a total of 

100 subjects were included in the study with 50 newly 

detected hypertensives and 50 healthy subjects, which were 

age and sex matched. Blood pressure and blood lead levels 

were measured, and their association was seen. 

In our study, out of the total hundred subjects, majority of 

the cases were males (55 %) and between the age group 41 to 

60 (52 %). Similar study conducted by Abdullah et al.17 on 

males showed a mean age of 39.92 in controls and 43.16 in 

cases. 

In our study as the serum lead levels increased both 

diastolic and systolic blood pressures increased. A similar 

study done by Vupputuri et al.18 suggested that increase in 

levels of blood lead remain an important risk factor for 

elevated blood pressure. Many studies, but not all have 

indicated that environmental exposure to lead is associated 

with an increased risk of hypertension. Harlan19 in his study 

reported that both environmental and occupational exposure 

to lead has association with hypertension. Although the 

cardiovascular system is not typically taken as a primary 

target of lead toxicity, high concentrations of lead that might 

occur during occupational exposure are toxic to both the 

vascular smooth muscles and heart.20 Some reports suggested 

that, even transient exposure to lead during childhood can 

have a delayed and long term hypertensive effect.21 Studies 

done on experimental animals also supported a correlation 

between development of hypertension due to low level lead 

exposure.22,23 Martin et al.24 suggested that, lead due to recent 

doses has an acute effect on blood pressure and due to 

cumulative doses has a chronic effect on hypertension risk. 

In our study, the blood lead levels were significantly higher 

in hypertensive patients than controls and had a positive 

correlation with the increase of systolic and diastolic blood 

pressure level. Similarly, Dursun et al.25 found a significant 

elevation in the mean systolic and diastolic blood pressures in 

the lead treated rats when compared to healthy controls. 

Robles et al.26 confirmed the hypertensive effect in rats to lead 

exposure. Vupputuri et al.18 also reported in black men 

significant associations between blood lead level and high 

systolic and diastolic blood pressures. Nash et al.27 found that, 

blood lead level is associated positively with both systolic and 

diastolic blood pressure in postmenopausal women. Recently, 

Kasperczyk et al.28 found that, blood lead levels were 

positively correlated with high arterial blood pressure (both 

systolic and diastolic). In another study, Afridi et al.29 reported 

higher levels of blood lead levels as well as a lower level of zinc, 

correlated well with the consequences of hypertension. 

Conversely, Staessen et al.30 did not find a significant relation 

between blood lead levels and hypertension. 

Age is a very strong factor in the genesis of hypertension, 

but it seems to be independent of lead effect. A study done by 

Kasperczyk et al.28 did not find a correlation between blood 

lead levels and age. Our study showed a similar finding. 

 

 

Summ ar y  

We conducted a cross sectional comparative study at a tertiary 

care hospital to assess the association of blood lead levels and 

elevated blood pressure in newly detected hypertensive 

patients. The subjects in both groups were age and sex 

matched. They had no previous history of hypertension or 

treatment for hypertension. Blood pressure values were 

measured and the blood lead levels of all the subjects were 

estimated. 

We found that the blood lead level was significantly and 

positively correlated with blood pressure among newly 

detected hypertensive patients. Increase in blood lead levels 

caused increase in both systolic and diastolic blood pressures. 

The mean systolic blood pressure in cases was 150 mmHg 

and controls was 124.24 mmHg. The mean diastolic blood 

pressure in cases was 93.7 mmHg and in controls was 78.2 

mmHg. The mean lead levels of males in newly detected 

hypertensive cases was 21 mcg / dl and mean among controls 

was 16.94 mcg / dl. The mean lead levels of females in newly 

detected hypertensive cases was 21.16 mcg / dl and mean 

among controls was 16.97 mcg / dl. Stage 2 group had a higher 

serum lead level value of 21.228 compared to stage 1 and 

controls. Serum lead levels (mcg / dl) were higher in females 

compared to males. 

No significant change was found across age groups 

comparing blood lead levels and blood pressure. There was an 

increase in blood lead levels in hypertensive patients 

compared to the control group. No significant difference in the 

lead levels between stages of hypertension but marginally 

higher in stage 2. As lead level increased the systolic blood 

pressure increased which showed good correlation with a 

Pearson correlation of .564 and was statistically significant 

with a P-value of < 0.001. As lead level increased the diastolic 

blood pressure increased which showed very good correlation 

with a Pearson correlation of .766 and was statistically 

significant with a P-value of < 0.001. For every one mcg / dl 

rise in lead, systolic blood pressure increased by 2.573 mmHg 

and was statistically significant. For every one mcg / dl rise in 

lead, diastolic blood pressure increased by 1.478 mmHg and 

was statistically significant. 

More similar studies are needed, especially in the field of 

metal exposure induced hypertension, to determine the 

relationship, their clinical significance, and the underlying 

mechanisms. Early identification of elevated lead levels can 

help in decreasing the overall morbidity and mortality 

associated with hypertension. 
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CONC LU S ION S  
 

 

 

The assessed blood lead levels in a newly detected 

hypertensive causes increase in both systolic and diastolic 

blood pressures. The blood lead level is significantly and 

positively correlated with blood pressure among newly 

detected hypertensive. 

 
Data sharing statement provided by the authors is available with the 

full text of this article at jemds.com. 
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text of this article at jemds.com. 
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