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Abstract: Lead (Pb) pollution is a serious problem in the developing countries, especially in South Asia. No levels of
blood Pb can be considered safe for human health. While hypertensive effects of Pb have been well studies, there are
only a few studies on the relationship of Pb exposure to the development of cardiovascular disease (CVD) in the Asian
developing countries. The underlying mechanism is still unclear; however, oxidative stress and hyperhomocysteinemia
appear to be most plausible hypotheses for the development of atherosclerosis leading to CVD. Enforcement of
regulations for control of Pb pollution, increased public awareness about the harmful effects of Pb, cessation of smoking,
frequent use of fruit juices and avoidance from iron and folate deficiencies would be required to protect masses from the

deleterious effects of Pb.
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INTRODUCTION

Lead (Pb) pollution is a problem world-wide; however in
developing countries such as Pakistan it is much more
prevalent due to non-functional regulatory measures. Pb
is not known to be needed for any of the physiological
functions in the body, therefore, its concentration in blood
should ideally be negligible, however, due to
environmental pollution, Pb gets inhaled or ingested and
gets deposited in the body, especially in bones and can
stay over there for many years.

Major sources contributing to greater exposure to Pb
include polluted air, Pb-contaminated water, drinks and
foods, Pb-based paints, batteries, toys and cosmetics.
Leaded petrol, however, has remained a major source of
Pb pollution for a number of years, especially in the
developing countries (Kadir et al., 2008).

Effects of Pb pollution on human health can be assessed
by determining the concentration of blood Pb. For a
number of years, international bodies such as Centers for
Disease Control and Prevention (CDC) considered levels
of blood Pb > 10 pg/dl as elevated blood levels
(American Academy of Paediatrics, 1998). However,
research over the past 15 years has shown that no blood
Pb levels can be considered safe for human health (Menke
et al., 2006).

Blood Pb levels in some of the developed and developing
countries in Asia
Figure 1 shows the mean blood Pb levels below 10 pg/dl
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in some of the Asian countries. It is apparent that
developed Asian countries with strong economies and
better human development index, such as Japan, Korea,
Singapore and Taiwan have mean blood Pb levels well
below the 10 pg/dl level — a threshold previously
considered by CDC and WHO as elevated levels (Kutbi et
al., 1989; Liou et al., 1996; Kaji et al., 1997; Hashim et
al., 2000; Neo et al., 2000; Ozden et al., 2004;
Senanayake et al., 2004; Billharz 2005; Chomchai et al.,
2005; Riddell et al., 2007; Min et al., 2007).

On the other hand, the developing Asian countries in
Middle East (Egypt, Saudi Arabia, United Arab Emirates)
and South Asia (Iran, India, Pakistan and Bangladesh) and
China, as shown in Figure 2, have mean blood Pb levels
well above 10 pg/dl despite introducing unleaded gasoline
for use in automobiles (Kaiser et al., 2001; Bener et
al., 2001; Rahbar et al., 2002; Boseila et al., 2004;
Jain and Hu, 2006; Iranpour et al., 2007; Huo et al.,
2007).

The blood levels of Pb in some of the developing
countries in South East Asia may not appear to be too
high above this threshold of 10 pg/dl, but the levels in
these countries were alarmingly high some 15-20 years
ago. Phasing out Pb from petrol has had the major
impact. For example, in Pakistan mean blood Pb levels
have come down from 38 pg/dl in 1989 to 15.6 pg/dl in
2002 (Kadir et al., 2008). Even the petrol pump workers
in Karachi in 2008 were not found to have significantly
different mean levels of blood Pb from normal healthy
subjects (12.9+3.7 pg/dl vs 14.5+6.1 pg/dl, respectively;
Yakub et al., 2009).
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Similarly, in India in 1999, 51% of 22,000 children and
adults were found to have blood Pb levels above 10 pg/dl
(The George Foundation, 2002), however, after the
introduction of unleaded gasoline mean levels have come
down to about 11 pg/dl (Jain and Hu, 2006; Niranjan and
Madhusudana, 2006).

Some of the other developing countries in this region such
as Indonesia, Thailand, Sri Lanka, Philippines and
Malaysia have been successful in reducing the mean
blood concentrations in their populations in the range 2.4
pg/dl - 6.9 pg/dl. Nepal at the edge of the Himalayas is
quite unique with low mean levels of blood Pb (3.4 pg/dl)
even before the introduction of unleaded petrol (Piomelli
et al., 1980; Igbal MP, 2010).

Reasons for high mean blood Pb levels in Asian
developing countries in spite of introducing unleaded
petrol

While systems are in place in developed countries, for
example USA, to enforce regulations that new paints
should not have concentrations of Pb more than 90 ppm,
Asian developing countries - India, Thailand and Sri
Lanka have 31% - 45% of paint samples with Pb levels
far in excess of 90 ppm (Toxic Link, 2009). Lead-based
traditional cosmetics and folk remedies are still very
popular in South Asian countries (Rahbar et al., 2002).
Moreover, folate and iron deficiencies are highly
prevalent in India, Pakistan and Bangledesh. Recent
studies have indicated that these deficiencies greatly
increase the risk of lead poisoning (Zimmermann et al.,
2006; Solon et al., 2008).

While the number of smokers in the developed countries
is declining, they are on the rise in Asian developing
countries. Increased public awareness about the risks
associated with smoking and ban on advertisement in the
media are the main reasons for decline in number of
smokers in the developed countries. On the other hand,
the number in the developing countries, especially in
South East Asia, appears to be increasing because of the
aggressive campaigning by the tobacco industry.

LEAD POLLUTION AND HUMAN HEALTH

As mentioned above, no concentration of blood Pb can be
considered safe for human health. Even blood Pb levels
as low as 2 pg/dl have been found to be associated with
myocardial infarction and stroke mortality (Menke et al.,
2006). Another study in Korea revealed that mean blood
Pb concentration of 2.4 pg/dl in children (5-13 years of
age) was affecting their height (Min et al., 2008). “Joint
FAO/WHO Expert Committee on Food Additives re-
evaluated Pb in June 2010 and withdrew the provisional
tolerable weekly intake guideline value on the grounds
that it was inadequate to protect against the IQ loss”
(Childhood Lead Poisoning, 2010). Major health risks

associated with Pb exposure include cardiovascular
disease (CVD), cognitive impairment and anemia (Jain et
al., 2005; Vaziri 2008; Solon et al., 2008).

Pb exposure and CVD

Since CVD is the leading cause of death all around the
world (Lopez et al., 2006), recent studies in the developed
countries have been on investigating the relationship
between Pb exposure and development of this disease. In
this regard, hypertensive effects of Pb have been studied
most extensively. Reviews and meta-analyses of at least
30 original studies have revealed positive association
between blood Pb levels and hypertension (Navas-Acien
et al., 2006). However, a causal relationship of Pb
exposure with clinical CVD outcomes has not been
established as yet. Most of the studies examining the
relationship between Pb exposure and development of
CVD (coronary heart disease, stroke and peripheral artery
disease) have been carried out in the developed world,
and there are only a few studies on this subject from
South Asian countries (Childhood Lead Poisoning, 2010).

Two studies carried out in Pakistan show significantly
elevated blood Pb levels in hypertensive patients
compared to normotensive subjects.  For example,
Rahman et al., (2006) showed mean levels of blood Pb in
hypertensive patients in a population from Islamabad to
be 25.5 pg/dl compared to 13.9 pg/dl in normal healthy
subjects. Bukhari et al., (2005) have reported highest
mean concentration of Pb in serum of hypertensive
patients with ischemic heart disease compared to
hypertensive patients with nonexistent ischemic heart
disease. Both of these studies, however, did not touch
upon the mechanistic aspects of the disease.

A recent study carried out on a rural population in China
showed a clear relationship between air pollution
exposure from indoor biomass combustion and blood
pressure in adult women, thereby increasing the risk for
cardiovascular events (Baumgartner et al., 2011). It is
conceivable that if biomass fuel is polluted with Pb, the
risk of CVD would even further increase in individuals
getting such air pollution exposure.

A couple of studies over the past 6 years have indicated
an association between blood Pb and homocysteine — an
established risk factor for atherosclerosis (Schafer et al.,
2005; Chia et al., 2007). Similar association between
blood Pb and plasma homocysteine has been found in a
Karachi population suggesting that relationship of Pb
exposure to development of CVD could be through
increased levels of plasma homocysteine (Yakub and
Igbal, 2010). There have also been a few reports from
this region showing elevated blood Pb levels
compromising the total antioxidant status indicating a
clear relationship between Pb exposure and oxidative
stress (Bijoor et al., 2007; Igbal and Yakub, 2011).
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How Pb could be contributing to the development of
CvD?

Despite a number studies on relationship of Pb exposure
to the development of CVD, the underlying mechanism
remains unclear (Chia et al., 2007). A couple of plausible
mechanisms have been put forward. The first one is
“oxidative stress hypothesis”, which states that Pb
disrupts the balance between antioxidants and
prooxidants. Pb is known to increase generation of free
radicals, most notably reactive oxygen species (ROS),
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which may compromise the antioxidant protection in the
body leading to increased oxidative damage to cell
membrane, proteins and nucleic acids (Jomova and
Valko, 2011). Moreover, Pb has been known to replace
essential divalent ions such as calcium and zinc and also
inhibit enzymes containing sulfhydral groups thereby
adversely affecting some of the essential metabolic
processes in the cell (Farooq et al., 2008). Another
suggested mechanism is based on relationship between Pb
exposure and development of atheroschlerosis (Nemsadze

Fig. 1: Asian countries with mean blood Pb levels below 10 ug/dl. Values are based on published reports and do not
represent the national data. References have been provided in the text.

Meanblood Pb (ug/dl)

19.8

Fig. 2: Developing Asian countries with mean blood Pb levels above 10 pg/dl. Values are based on published reports
and do not represent the national data. References have been provided in the text.
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et al., 2009). Pb appears to be affecting the vasoactive
function of vascular endothelium through increased
production of ROS and decreased availability of nitric
oxide leading to pathogenesis of atherosclerosis. In
another report, Pb along with other heavy metals has been
found to be part of carotid plaque of CVD patients. The
levels of metal in plaque depended upon the working
environment of the patient (Mamaralis et al., 2010). In
another study, Pb was found to be contributing to
initiation of atherosclerosis by causing intimal hyperplasia
(Zellar et al., 2010).

Role of homocysteine in initiation of atherosclerosis is
well established.  Therefore, hyperhomocysteinemia
associated with Pb exposure could be another mechanism
towards development of CVD. In addition, there are
other factors related to increased blood Pb levels and
CVD such as folate deficiency for which no convincing
explanation is available other than its relationship with
hyperhomocysteinemia.

Recommendations to protect masses against Pb toxicity

1. Public advocacy for creating more awareness among
masses through print and electronic media that even
low level exposure to Pb is not without a risk to
human health.

2. Adoption of healthy food habits such as high
consumption of fruit juices. Recently, it has been
shown that increased juice consumption is associated
with decreased levels of blood Pb in a Pakistani
population (Yakub and Igbal, 2010). Moreover, Pb
contaminated foods, drinks, cosmetics should be
avoided. Smoking has been one of the major factors
contributing to Pb pollution. Even passive smoking
has been shown to be contributing to high blood Pb
levels (Kaji et al., 1997). There should be relentless
campaigning against smoking.

3. Consumption of iron-fortified foods by children. It
has been reported that iron and Pb share an intestinal
transporter. Therefore, Pb absorption is enhanced in
iron deficiency (Zimmermann et al., 2006). Iron
sufficiency protects against Pb accumulation in the
body.

4. Impressing upon the policy makers to enforce rules
and regulations towards control of Pb pollution.
Those at greater risk such as children must be
allowed to grow in a smoke-free and Pb-free
environment because the future of developing
countries, especially Pakistan depends on healthy
population.

CONCLUSION

Exposure of masses to Pb pollution is a serious problem
in Asian developing countries. Even small quantities of
Pb in blood could be associated with increased risk for
development of CVD. Oxidative stress and

hyperhomocysteinemia appear to be the most plausible
mechanisms for the development of atherosclerosis due to
Pb exposure. Control of Pb pollution and increased public
awareness are the steps needed to reduce the risk of CVD
and other disorders related to Pb exposure.
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