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Evaluation of cadmium, lead, nickel
and zinc status in biological samples
of smokers and nonsmokers
hypertensive patients
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The objective of this study was to evaluate the associa-
tion between trace and toxic elements zinc (Zn),
cadmium (Cd), nickel (Ni) and lead (Pb) in biological
samples (scalp hair, blood and urine) of smoker and
nonsmoker hypertensive patients (n¼ 457), residents of
Hyderabad, Pakistan. For the purpose of comparison,
the biological samples of age-matched healthy controls
were selected as referents. The concentrations of trace
and toxic elements were measured by atomic absorption
spectrophotometer prior to microwave-assisted acid
digestion. The validity and accuracy of the methodology
were checked using certified reference materials and by
the conventional wet acid digestion method on the same
certified reference materials and real samples. The

recovery of all the studied elements was found to
be in the range of 97.8–99.3% in certified reference
materials. The results of this study showed that the
mean values of Cd, Ni and Pb were significantly higher
in scalp hair, blood and urine samples of both smoker
and nonsmoker patients than in referents (Po0.001),
whereas the concentration of Zn was lower in the scalp
hair and blood, but higher in the urine samples of
hypertensive patients. The deficiency of Zn and the high
exposure of toxic metals as a result of tobacco smoking
may be synergistic with risk factors associated with
hypertension.
Journal of Human Hypertension (2010) 24, 34–43;
doi:10.1038/jhh.2009.39; published online 21 May 2009
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Introduction

Hypertension (HT) is an increasingly important
medical and public health issue. The prevalence of
HT increases with advancing age (60–90 years).1 But
nowadays, the age criteria have been changed and
even people below 30 years of age have HT problems
because of the lack of exercise, fast foods, smoking,
coffee and alcohol consumption.2 Genetic effect may
also be a factor.3 Smoking, however, is an important
source of exposure to toxic elements (TEs) such as
cadmium (Cd), nickel (Ni) and lead (Pb), which have
been proposed as causative agents of cigarette
smoke-induced physiological disorders.4–6 In fact,
a study showed that serious symptoms (strong urges
to smoke, feeling anxious or unsuccessful attempts
at not smoking) appeared in youth within weeks or
only days after the initial start of smoking.7

The essential trace element, zinc (Zn), is an
important component of biomembranes and an
essential cofactor in a variety of enzymes.8 Zn has
antioxidant-like properties; thus, it can stabilise
macromolecules against radical-induced oxidation
in vitro as well as limit excess radical production.9

Zn deficiency is associated with an increase in Cd,
as a results of the antagonistic relationships between
these elements.10

Cigarette design has evolved considerably over
the last few decades with the incorporation of
new tobacco processes, papers, filters and several
ingredients (flavour, humectants and casing materi-
als), which either alone or in combination have the
potential to modify the quantity and/or the quality
of the smoke yielded.11 The tobacco plant absorbs
TEs most probably from the soil, fertilizers or from
pesticides.12 Other environmental factors that may
influence the uptake of TEs by tobacco plants
include the pH of soil, contaminated irrigated water
and sewage sludge used as fertilizers.13 Tobacco
smoking delivers 87 organic carcinogens to the
lungs, in addition to TEs,14 which may partition
into the smoke phase on combustion.15 Some of
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these (Cd, Ni and Pb) readily pass into the blood-
stream and may accumulate in specific organs, such
as the kidney and liver.16 There are a few studies
that have reported on the large variations of heavy
metal/TEs in the compositions of commercial
tobacco products, which have tried to link smok-
ing-related diseases with TEs derived from tobacco
combustion.17,18 The intake of TEs may promote
hypertensive and atherosclerosis disorders by in-
creasing oxidative stress (for example, by catalyzing
the production of reactive oxygen species or inhibit-
ing their degradation) due to the deficiency of an
antioxidant element (Zn) and by increasing blood
pressure levels.19 The deficiency of essential nu-
trients, lack of homeostatic control or an excess
intake of some TEs cause chronic physiological
disorders, such as HT and cardiovascular disease.20

In view of the above facts, it is important to
determine the essential trace and TEs concentra-
tions in biological samples of humans having
physiological disorders such as HT.21 Among the
various biopsy materials, serum, scalp hair, urine
and other body fluids may be used as bio-indicators
for these purposes.22 Atomic absorption spectro-
metric methods are frequently used for the specific
determination of very low elemental concentrations
in biological samples.23 At present, the mineralisa-
tion method frequently used for the analysis of
biological samples is wet digestion with concen-
trated acids, using either convective systems or
microwave ovens.24 The main advantage of micro-
wave-assisted samples pretreatment is its require-
ment of a small amount of mineral acids and a
reduction in the production of nitrous vapours.

The rate of mortality has increased in Pakistan
during the last few decades because of HT and other
related disorders. Although an extensive list of risk
factors is present, tobacco smoke through active or
passive smoking is also an important cause of HT.
This study was aimed to assess the concentration of
toxic elements, Cd, Ni, Pb and an essential trace
element Zn in biological samples of smokers and
nonsmokers hypertensive patients, to evaluate the
possible influence of cigarette smoking and deter-
mine the potential harm to the general health of the
people of Pakistan.

Although Pakistan is an agricultural country, but
tobacco cultivation occupies a relatively small area:
about 0.27% of the total irrigated land in Pakistan.
The annual production of tobacco is 70–75 million
kg, whereas the domestic requirement is 40–50
million kg; the remaining 30–35 million kg is
exported. Although the consumption of cigarettes
is falling in most countries of the world, while in
Pakistan, both the production and consumption of
this nonessential item are increasing at an alarming
rate. It is surprising to note that as the world is
fighting against smoking, an increasing number of
Pakistani peoples are getting hooked, setting new
records by manufacturing an additional five billion
cigarettes each year. The rate of smoking among

males is more than 50%, whereas it is 10% in
females. This follow-up study of 3 years is aimed at
evaluating the concentration of Cd, Ni, Pb and Zn in
biological samples (blood, urine and scalp hair) of
male smoker (SHP) and nonsmoker hypertensive
patients (NSHPs). For a comparative study, 369 non-
hypertensive individuals (smokers and nonsmokers)
of the same age group (ranged 25–55 years), socio-
economic status, localities and dietary habits were
selected as referents. The elements under study
were analyzed by atomic absorption spectrometer,
before microwave-assisted acid digestion.

Materials and methods

Apparatus
The analysis of elements was carried out by means
of a double beam Perkin-Elmer atomic absorption
spectrometer model 700 (Perkin Elmer, Norwalk, CT,
USA) equipped with a flame burner and graphite
furnace HGA-400 (Perkin Elmer), a pyrocoated
graphite tube with an integrated platform and an
autosampler AS-800 (Perkin Elmer). The instrumen-
tal parameters are shown in Table 1. Zn was
measured under optimised operating conditions
using FAAS with an air–acetylene flame, whereas
Cd, Ni and Pb were determined using ETAAS.
Signals were measured as absorbance peaks in the
flame absorption mode, whereas integrated absor-
bance values (peak area) were determined in the
graphite furnace. A Pel (PMO23, Osaka, Japan)
domestic microwave oven (maximum heating power
of 900W) was used for digestion of the biological
samples. Acid-washed PTFE (polytetrafluoroethy-
lene) vessels (Kartell, Milan, Italy) and flasks were
used for preparing and storing solutions.

Reagents and glasswares
Ultrapure water obtained from an ELGA labwater
system (ELGA, Bucks, UK) was used throughout the
work. Concentrated nitric acid (65%) and hydrogen
peroxide (30%) were obtained from Merck (Darm-
stadt, Germany), and checked for possible trace-
metal contamination. Working standard solutions of
Cd, Ni, Pb and Zn were prepared immediately before
their use, by stepwise dilution of certified standard
solution (1000p.p.m.), Fluka Kamica (Buchs, Swit-
zerland), with 0.2M HNO3. The stock standard
solution of modifiers, Mg(NO3)2 (5.00 g l�1), was
prepared from Mg(NO3)2 (Merck), whereas a Pd
stock standard solution of 3.00 g l�1 was prepared
from Pd 99.999% Sigma Aldrich (Milwaukee, WI,
USA). All solutions were stored in polyethylene
bottles at 4 1C. For the accuracy of methodology,
certified reference materials, human hair BCR 397
(commission of European communities, Brussels,
Belgium), Clincheck control-lyophilized human
urine and human whole blood (Recipe, Munich,
Germany) were used. All glassware and plastic
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materials used were earlier soaked for 24h in 5M

nitric acid, washed with distilled water and finally
rinsed with ultrapure water (ELGA, Bucks, UK),
dried, and stored in class 100 laminar flow hoods.

Sample collection and pretreatment
An epidemiological cross-sectional survey was con-
ducted among 369 referent males, of whom 186 were
nonsmokers (RNSs) and 183 were smokers (RSs).
Out of 457 male hypertensive patients, 297 were
smokers (SHP) and 160 were nonsmokers (NSHP),
their age ranged from 25 to 55 years and they lived
in urban areas of Hyderabad, Pakistan. For all
patients, anthropometric parameters including
weight, height and waist circumference were mea-
sured using the standard protocols. Blood pressure,
glycohaemoglobin, fasting plasma glucose, fasting
plasma insulin, serum total cholesterol, serum HDL
cholesterol, serum LDL cholesterol, serum triglycer-
ides and height and weight were measured using

standard methods (Table 2). A questionnaire was
also administered to them to collect details regard-
ing physical data, ethnic origin, health, duration of
smoking, frequency of smoking, dietary habits, age
and consent. Physical examinations were carried
out in a basic health unit of Hyderabad, Pakistan to
measure participant’s weight, height, blood pressure
and biochemical data. There were no statistically
significant differences between both groups of
patients and referents with regard to height and
weight. The 90% hypertensive patient used anti-
hypertensive drugs.

Venous blood (3–5ml) was sampled using metal-
free Safety Vacutainer blood collecting tubes (Becton
Dickinson, Rutherford, NJ, USA) containing
41.5mg K2EDTA per ml blood, and was stored at
�20 1C until required for analysis. Morning urine
samples were collected in acid-washed, decontami-
nated 100ml polyethylene tubes (Kartell, Milan,
Italy). In between sampling sessions, the container

Table 1 Measurement conditions for electrothermal atomization AAS 700

Parameters Cd Ni Pb

Lamp current (mA) 6.0 3.5 8.0
Wave length (nm) 228.8 232.0 283.3
Slit width (nm) 0.7 0.2 0.7
Drying temperature (1C)/ramp/hold (s) 140/15/5 140/15/5 140/15/5
Ashing temperature (1C)/ramp/hold (s) 850/10/20 1000/10/20 700/10/20
Atomization temperature (1C)/ramp/hold (s) 1650/0/5.0 2300/0/5.0 1800/0/5.0
Cleaning temperarture (1C)/ramp/hold (s) 2600/1/3 2600/1/3 2600/1/3
Chemical modifier 5mg Pd as Pd(NO3)2 Mg(NO3)2 15mg Mg(NO3)2

Sample volume (10ml), Cuvette¼Cup, Carrier gas¼ (200mlmin�1)

Background correction (D2 Lamp) used for all elements

Measurement conditions for Zn
Wave length (nm) 214
Slit width (nm) 0.7
Lamp current (mA) 7.5
Burner height (mm) 7.5
Oxidant (Air) lmin�1 17.0
Fuel (Acetylene) lmin�1 2.0

Table 2 Characteristics of hypertensive and non-hypertensive patients

RNS RS NSHP SHP

Height (cm) 176.6±1.5 175.4±2.2 172.5± 2.3 173.3± 1.8
BMI (kgm�2) 23.9±1.3 25.1± 0.8 26.7±2.8 26.6±2.4
Weight (kg) 74.7±1.8 77.3±2.4 79.5±5.5 79.9±4.5
Hypertension duration (year) — — 13 19
Waist circumference (cm) 75.9±6.5 76.6±6.2 83.4± 4.8 85.6±4.8
Systolic blood pressure (mmHg) 119.2.1±4.2 126.9± 8.3 155.6±7.2 163.5±9.5
Diastolic blood pressure (mmHg) 79.7± 6.2 84.6±6.9 91.5± 4.4 96.8± 8.3
Glycohaemoglobin A1C (%) 5.94±0.23 6.12±0.45 8.2±0.67 9.3±0.98
Fasting plasma glucose (mmol l�1) (90, 99) (84, 97) (112, 119) (116, 128)
Fasting plasma insulin (mmol l�1) 4.35 4.44 6.5 6.37
Serum total cholesterol (mg per 100ml) 162±37 165±18 209±36 234±26
Serum HDL cholesterol (mg per 100ml) 37±11.5 35±9.7 29±9.9 24.6±4.6
Serum LDL cholesterol (mg per 100ml) 98±34 109±22 246±36 257±21.9
Serum triglycerides (mg per 100ml) 155±88 158 ±62 244±52 258±39

Abbreviations: RNS, referent nonsmokers; RS, referent smokers; NSHP, nonsmoker hypertensive patients; SHP, smoker hypertensive patients.
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was wrapped in a clean polyethylene bag. Urine
samples were acidified with ultrapure concentrated
HNO3 (l% v/v) and kept at �4 1C. Before subsam-
pling for analysis, the samples were shaken vigor-
ously for 1min to ensure a homogeneous
suspension. The hair samples (B1.0 g each) were
taken from the nape of the neck. The scalp hair
samples were washed and treated as reported in
earlier study.25 After washing, the scalp hair samples
were dried in an electrical oven at B75 1C and
stored in pre-cleaned plastic bags with identity
numbers. The hypertensive patients who had blood
pressure exceeding 130/95mmHg (systolic/diasto-
lic) were admitted for their uncontrolled HTand had
earlier histories of high blood pressure.

Microwave-assisted acid digestion method
A microwave-assisted acid digestion procedure was
carried out to achieve a shorter digestion time. For
the digestion of biological samples, duplicate sam-
ples of scalp hair (200 mg), blood and urine (0.5 ml)
of each subjects and five replicate samples of all
three certified reference material samples were
directly taken into Teflon PTFE flasks (Kartell).

Added to each flask 2ml of a freshly prepared
mixture of concentrated HNO3–H2O2 (2:1, v/v). The
flasks were kept for 10min at room temperature and
then placed in a covered PTFE container. This was
then heated following a one-stage digestion pro-
gramme at 80% of total power (900W), for 2–4min
for blood and urine samples and for 5–8min for hair
samples. Thereafter, the digestion flasks were cooled
and the resulting solution was evaporated to a
semidried mass to remove excess acid, and then
diluted upto 10.0ml in volumetric flasks with 0.1M

nitric acid.
Duplicate blanks (without sample) were carried

through the complete procedure. The concentra-
tions were obtained directly from calibration graphs
after correction of absorbance for the signal from an
appropriate reagent blank. The validity and effi-
ciency of the microwave-assisted digestion method
were also checked with a conventional wet acid
digestion method on the same certified reference
materials and real samples as reported elsewhere;26

results are given in Table 3.
Analytical results of the certified samples were in

agreement with the certified values, confirming the
reliability of our methods. The percentage recovery

Table 3 Determination of Cd, Ni, Pb and Zn in certified samples (CRM) by conventional (CDM) and microwave digestion method (MWD)
(n¼ 10)

Elements CDM MWD tvalue
a % Recoveryb Certified values

CRM of whole blood (mg l�1)
Cd 1.21±0.07 1.187±0.09 0.0845 98.1 1.2± 0. 4

(5.78)c (7.58)
Ni 7.52±0.62 7.39±0.49 0.0412 98.3 7.5±1.8

(8.24) (6.63)
Pb 105±8.2 104±7.3 0.0523 99.2 105±24

(7.76) (6.96)
Znd 2.25± 0.09 2.20±0.08 0.0912 97.8 2.27±0.68

(4.00) (3.64)

CRM of urine (mg l�1)
Cd 11.83±0.91 11.72±0.85 0.0340 99.0 11.8± 2.5

(7.69) (7.25 )
Ni 11.9± 0.87 11.7± 0.69 0.0473 98.6 11.9±3.0

(7.32) (5.89)
Pb 41.2±1.96 40.77±2.86 0.0283 98.9 41.0±9.9

(4.75) (7.01)
Zn 205±6.0 201±7.0 0.0647 98.05 210±50

(2.93) (3.48)

CRM of human hair (mg g�1)
Cd 0.53±0.025 0.524±0.024 0.0225 98.9 0.52±0.024e

(4.72) (4.58)
Ni 46.1±1.41 45.7±1.38 0.0724 99.3 46.0±1.4f

(3.06) (3.02)
Pb 33.3±1.21 32.6±1.18 0.096 97.8 33±1.2

(3.63) (3.62)
Zn 197±12.8 194±11.3 0.0345 98.6 199±5

(6.2) (5.7)

Abbreviations: Cd, cadmium; Ni, nickel; Pb, lead; Zn, zinc.
aPaired t-test between CDM and MWD at d.f.¼ 9, tcritical at 95% Cl¼ 2.262.
b%Recovery ¼ ½MDM �

½CDM � � 100.
cValues in parenthesis ( ) % of relative standard deviation.
dValues indicates in mg l�1.
eInformative value.
fIndicative value.
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of all elements in the certified reference material
samples obtained by both methods varied between
97.8–99.3%. The microwave-assisted digestion
method was less time consuming, requiring
o10min to complete the digestion of samples and
standards. The mean values for all elements differed
o1–2% from the certified values. The coefficient of
variation deviated o2% for all elements. Nonsigni-
ficant differences (P40.05) were observed when
comparing the values obtained by both methods
(paired t-test) (Table 3).

Statistical evaluation
The total population of patients and referents was
divided into two categories each: smoker and
nonsmoker hypertensive patients and referents.
Quantitative parameters were calculated using
means and standard deviations, and qualitative
parameters (ratio of smokers and nonsmokers) by
number and percentage. Analysis of variance was
used for quantitative parameter comparisons among
the two hypertensive and referent groups. To assess
the significance of the differences between concen-
trations of elements recorded in the biological
samples of both male SHP and NSHP and referent
individuals, calculated by the unpaired two-sample
t-test.27 A Po0.05 was considered significant differ-
ence. Statistical analyses were performed using
computer program Excel XL State (Microsoft Corp.,
Redmond, WA, USA) and Minitab 13.2 (Minitab
Inc., State College, PA, USA).

Results

In the study population, B65% of HT patients and
B50% of referents were smokers. Blood pressure
was measured in the population under study in the
sitting position after a 5-min rest. A patient was
diagnosed as having HT if systolic blood pressure
was X160mmHg and diastolic pressure was
X90mmHg, if the patient was receiving drug
treatment for HT. The other physical parameters of
both groups of patients and referents were obtained
by a standard method as shown in Table 2. The
weight, body mass index, LDL cholesterol and blood
pressure (systolic and diastolic blood pressure)
levels of patients were significantly higher than
those in healthy referents (Po0.05). The smoker
referents weighed more than nonsmoker referents
(P¼ 0.034).

The elemental contents in the biological samples,
especially in those of blood and urine, varied widely
among individuals; thus, a significantly large num-
ber of samples was required for statistical inter-
pretation of the data to achieve a meaningful
correlation between physiological disorders and
concentrations of trace and TEs. The mean concen-
trations with standard deviations for each element
in biological samples, as shown in Table 4, indicate

that the concentrations of the essential trace ele-
ment, Zn, and TEs (Cd, Ni and Pb) were altered in all
three biological samples of smoker and nonsmoker
hypertensive patients, whereas in the case of RSs,
there is no significant difference for Zn, although the
levels of TEs were high in their biological samples
(Figures 1–4). The concentration of Zn, Cd, Ni and
Pb in the biological samples of hypertensive patients
and referents were also examined using a multiple
logistic regression model.

The concentrations of Zn in the scalp hair samples
of RNS and RS were significantly higher at 95%
confidence interval (CI) (214, 229) and (197, 205)
mg g�1, respectively, compared with those in NSHP
and SHP, (CI: 146, 159) and (CI: 116, 131) mg g�1,
respectively, with Po0.01. The Zn levels in the
blood of RNS and RS, (CI: 10.2, 11.9) and (CI: 9.63,

Table 4 Trace element concentrations in biological samples
(scalp hair, blood and urine samples) of smokers and nonsmokers
referent and hypertensive patients

Scalp hair Cadmium Lead Nickel Zinc

RNS 1.42±0.3 7.9±1.53 6.1±1.5 222.3±13.4
RS 1.99±0.54 12.9±1.6 7.85± 0.95 189.3±15.3
NSHP 2.86±0.43 15.5±2.6 12.2±1.48 153.2±12.8
SHP 3.70±0.69 22.4±2.2 15.7± 0.96 124.8±12.7

Blood
RNS 4.24±1.27 197.9±25.1 1.95±0.56 11.4±1.88
RS 5.36±1.4 248.6±21.9 2.65± 0.83 7.9±1.8
NSHP 5.97±1.3 358.9± 46.8 3.4± 0.9 9.7±1.2
SHP 8.9±1.3 457.3±27.7 5.85± 1.2 6.12±1.1

Urine
RNS 3.2±0.9 86.5±22.7 6.2±1.4 0.78±0.22
RS 3.98±1.22 126.3±18.4 8.5± 1.2 1.11±0.29
NSHP 4.69±0.46 128.8 ±12.2 8.9± 1.8 1.26±0.5
SHP 5.86±2.12 224.9±28.9 12.2± 1.5 1.75±0.25

Abbreviations: RNS, referent nonsmokers; RS, referent smokers;
NSHP, nonsmokers hypertensive patients; SHP, smoker hypertensive
patients.
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Figure 1 Zn concentrations in the scalp hair, blood and urine
samples of referent nonsmokers (RNSs), referent smokers (RSs),
nonsmoker hypertensive patients (NSHPs) and smoker hyperten-
sive patients (SHPs).
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10.2) mg l�1, respectively, were found to be higher
than those in NSHP and SHP, (CI: 7.3, 8.5) and (CI:
5.6, 6.7) mg l�1, respectively, (P¼ 0.002–0.005). The
excretion of Zn was higher in NSHP and SHP than
in the referents (P¼ 0.001–0.009). It was observed
that the level of Zn did not vary significantly in all
three biological samples of referent smokers and

nonsmokers, indicating that the alteration of Zn in
biological samples of NSHP and SHP was mainly
because of the disease state of the patients.

The levels of Pb and Cd in blood were statistically
significantly higher (Po0.01) in smoker and non-
smoker hypertensive patients, although RSs also
had high levels of these TEs in their biological
samples. An elevated level of Cd content was
observed in the scalp hair of NSHP and SHP. The
ranges of Cd in the blood samples of NSHP and SHP
were (CI: 5.52–5.97) and (CI: 7.63–10.3) mg l�1,
respectively, whereas those in RNS and RS were
(CI: 3.95–4.47) mg l�1 and (CI: 5.07–5.58) mg l�1,
respectively, (Po0.008). The excretion of Cd was
higher in hypertensive patients than in referents, in
both smokers and nonsmokers (Po0.001).

The Pb concentration in the scalp hair samples of
RNS was found at 95% CI: (7.57, 8.14) mg g�1,
whereas in the NSHP, the Pb level was in the range
of (CI: 14.6–15.9) mg g�1 (Table 4). Similarly, a higher
level of Pb was observed in RSs (CI: 12.6–13.2) mg g�1

than in RNS. The concentrations of Pb in the
blood of RNS and RS were found to be in the range
of (CI: 191–201) mg l�1 and (CI: 243–251) mg l�1,
respectively, which is lower as compared with the
concentrations of Pb in the blood of NSHP and
SHP, (CI: 337–370) and (CI: 436–473) mg l�1, respec-
tively, with Po0.003 and 0.005 (Table 4). The
excretion of Pb was higher in SHP than in referents
(Table 4).

The levels of Ni in the scalp hair samples of RNS
and RS were found to be lower, (CI: 5.5–6.7) and (CI:
7.56–7.99) mg g�1, respectively, compared with those
in NSHP and SHP, (CI: 11.8–12.5) mg g�1 and (CI:
15.4–15.9) mg g�1, respectively. The ranges of Ni
concentration in the blood samples of RNS and RS
were (CI: 1.83–1.95) and (CI: 2.55–2.74) mg l�1,
respectively, compared with those of NSHP and
SHP, [(CI: 3.26–3.42) and (CI: 5.6–6.3)] mg l�1,
respectively. The excretion of Ni in hypertensive
patients was found to be higher than that in
referents (Po0.002).

The interelemental correlation (r) among Zn vs
Cd, Ni and Pb in patients and referents, indicates
that the values of Zn in scalp hair and urine have
high correlation (0.954–0.994), whereas a low
correlation level between Zn and TEs was observed
in blood sample (0.569–0.822). The correlation of
trace and TEs between referents and patients of both
groups (smoker and nonsmoker) was statistically
analyzed by a multiple linear regression equation
and Pearson’s correlation (Table 5).

Discussion

This study provides data on the essential trace
element, Zn and TEs (Cd, Ni and Pb) in scalp hair,
blood and urine samples obtained from smoker and
nonsmoker hypertensive and non-hypertensive
male referents.
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There are many causes of high blood pressure,
such as smoking, obesity, poor diet, lack of cold
water fish, fresh fruits, vegetables, exercise, poor
sleep, genetics, stress and insomnia. Cigarette
smoking is a risk factor that alters LDL,28 reducing
the endothelium-dependent relaxation induced by
acetylcholine, in a manner similar to oxidised LDL,
without altering non-endothelium-dependent re-
laxation. Both active and passive smoking29 are
associated with the development of several clinical
disorders.

Smoking was the most important risk factor,
considering that 65% of all the patients were
smokers (Table 2). Some evidence indicated that
the influence of smoking is independent but also
synergistic with other risk factors such as HT, a high
blood concentration of cholesterol and other phy-
siological disorders.4,5 Cigarette smokers and people
living in contaminated areas have a higher level of
Cd in their blood and urine, with smokers having Cd
levels more than twice as that of nonsmokers.30,31

Toxic elements (Cd, Pb and Ni) may deplete
glutathione and protein-bound sulfhydryl groups,
resulting in the production of reactive oxygen
species, such as superoxide anion, hydrogen per-
oxide and hydroxyl radical.32

Zinc plays an important role in normal metabo-
lism and assists more than 200 enzymatic reac-
tions.33 Another biological function of Zn is the
maintenance of the integrity of proteins required for
the stability of membrane structures.34

The concentrations of Zn in the scalp hair and
blood samples of the male hypertensive patients
were low, whereas a higher level was observed in
urine (Table 4). Our results are consistent with other
investigations, which showed that the concentration
of Zn in blood, hair and fingernail was significantly
lower in the aged patients with HT and cardiovas-
cular diseases than in the aged healthy controls.35

The low Zn levels may correlate with the intake of

antihypertensive medication and also with reduced
essential intake of macro and micronutrients.36 An
epidemiological study reported that low concentra-
tions of Zn in serum and high concentrations of Zn
in urine were found in patients of cardiovascular
diseases, possibly because of diuretic medicines.37

Our results indicated a high level of all three TEs
in hypertensive patients, with smokers being more
prone to accumulate these metals than were refer-
ents. The Cd oxides generated during the burning of
cigarettes are highly bioavailable, B10% of the
inhaled Cd is deposited in lung tissues and B40%
is absorbed into the systemic blood circulation of
smokers.38 It was reported in a study that Thai men
who on an average smoked nine cigarettes per day
for 9 years had an approximately twofold greater
body Cd load than did nonsmoking men of the same
age.39 In another study on men older than 50 years of
age in northern Taiwan, smokers were 2.5 times
more likely to excrete higher urinary Cd levels than
were nonsmokers.40 The uptake of Cd following
environmental or occupational exposure results in a
gradual accumulation in the liver and kidney,
eventually resulting in kidney dysfunction and HT;
its half-life in the body is not known exactly, but it
may be as long as 30 years.41

The antagonistic effect of Cd and Zn was
investigated for the fact that the accumulation of
Cd in the human body may replace Zn in the
arteries, which contributes to arteries becoming
brittle and inflexible. Once the arteries become
inflamed and brittle, the body may coat them with
Ca and fatty plaques to prevent their rupture.42 This
plaque unfortunately reduces the interior diameter
of the arteries, resulting in more pressure being
required to force the blood through the smaller
diameter arteries, which in turn raises blood
pressure.42

Lead may also be present in high concentrations
in tobacco smoke. Smokers have considerably high-

Table 5 Linear regression and Pearson’s coefficient for cadmium in smoker and nonsmoker controls vs hypertensive patients

Scalp hair Cadmium Lead Nickel Zinc

RNS vs NSHP 0.175��3.10 0.179�+14.1 0.065��12.6 0.533�+33.9
r¼0.13 r¼ 0.11 r¼0.06 r¼0.53

RS vs SHP 0.417�+2.74 0.539�+15.3 0.445��19 0.160��155
r¼0.54 r¼ 0.50 r¼0.56 r¼0.185

Blood
RNS vs NSHP 0.098�+5.56 0.205�+318 0.173��3.73 0.397�+3.43

r¼0.097 r¼ 0.11 r¼0.099 r¼0.42
RS vs SHP 0.81��13.5 0.735�+262 0.61��7.47 0.198��8.01

r¼0.70 r¼ 0.50 r¼0.46 r¼0.22

Urine
RNS vs NSHP 0.058�+4.51 0.062��134.2 0.17�+7.8 0.35�+0.953

r¼0.11 r¼ 0.12 r¼0.12 r¼0.15
RS vs SHP 0.876�+2.06 1.05�+357 0.53�+16.8 0.418�+1.28

r¼0.51 r¼ 0.61 r¼0.52 r¼0.495

Abbreviations: RNS, referent nonsmokers; RS, referent smokers; NSHP, nonsmoker hypertensive patients; SHP, smoker hypertensive patients.
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er levels of Pb in their blood than do nonsmokers.43

Children are more sensitive to the toxic effects of Pb
compared with adults and passive smoking plays
an important role in exposure of children to Pb.43

Other possible health consequences of Pb accumu-
lation are HT and peripheral arterial diseases.44 Pb
may also replace Zn and Ca, contributing to the
severity of HT problems. Toxic substances can
accumulate in kidneys, which damage their ability
to regulate the water balance in the body. This can
lead to water retention, salt retention and high blood
pressure.45

It was observed in our study that the level of Ni
was significantly higher in hypertensive patients
than in normotensive age-matched referents
(Table 4). Significant Ni levels in control smokers
compared with those in nonsmokers have also been
reported at Po0.005. Besides this, the inhalation of
vapours of Ni carbonyl obtained from burning of
tobacco and from certain occupations (welding,
fitting and so on) may also cause elevated Ni levels
in biological samples.46 As is the case with Cd,
tobacco plants absorb Ni from the soil and concen-
trate it in the leaves.42 Ni has long been known to
produce nasal and lung cancers.47 The amount of Ni
in tobacco plant lies between 0.640 and 1.15mg g�1,
and varies greatly in cigarettes of different brands.48

The possibility of TEs contamination of various
medications and its effects on the metabolism of TEs
are still unknown. Experimental studies show that
both metals (Cd and Pb) contribute to oxidative
stress by catalyzing the formation of reactive oxygen
species,49,50 increasing lipid peroxidation51,52 and
depleting the glutathione and protein-bound sulfhy-
dryl groups.51 The lipid peroxidation in patients,
such as HT and cardiovascular disease, may be
because of a disturbance in essential trace element
metabolism and antioxidant levels.53 In patients,
disturbances in the enzymatic mechanisms of free-
radicals detoxification lead to an alteration in the
antioxidant system and reactive oxygen species. An
attack on cell membranes also results in the
formation of lipid peroxidation products.51 In vitro
and in vivo studies suggested that Pb-induced
oxidation contributes to red blood cell damage.52

Pb and Cd may also stimulate the production of
inflammatory cytokines and may induce endothelial
damage by downregulating the production of nitric
oxide.54,55

The results of this study revealed that hyperten-
sive patients have a different pattern of essential
trace and TEs in their biological samples than
controls/referents, with the prevalence being more
in smoker patients. However, higher levels of Cd, Pb
and Ni, as well as a lower level of Zn, correlated
well with the consequences of HT. The deficiency of
the essential element, Zn, which is replaced by TEs
(Cd, Pb, Ni), may result in abnormal physiology
disorders, and, in addition to other factors, this may
have a role in HT disease. This study provides some
support for the hypothesis that dietary intake and

inhalation of TEs (Cd, Pb and Ni), most probably
through smoking, may increase the risk of HT and
related disorders, which indicates that the causal
link may be stronger among smokers. We propose
that TE measurements may be performed on patients
presenting to the emergency department, to test
whether TE levels serve not only as markers of high
blood pressure and its remedies (heart problems) but
also as predictors of adverse outcomes.
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