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ABSTRACT
Objective To assess zinc status in cigarette smokers and to ascertain the relationship between
the levels of serum zinc and oxidative stress.
Methods A cross-sectional study was carried out at Azadi Teaching Hospital, Duhok, Iraq,
from December 2007 to June 2008.The study included 254 apparently healthy males(127
smokers and 127 non-smokers, aged 20-61 years), .Exclusion criteria were: a)minerals
supplements, b)medication, c) recent or chronic infections. All the participants were invited
for medical health examination. Data were collected from subjects according to selfadministered questionnaire. Several biochemical parameters were estimated such as, serum
zinc, serum antioxidant markers (ceruloplasmin and total glutathione), serum pro-oxidant byproducts (malondialdehyde and peroxynitrite), and dietary zinc intake.
Results The percent of marginal zinc deficiency in smokers was significantly higher than that
of non-smokers (50.1% Vs 42.6%, p<0.05). Smokers had significantly higher
malondialdehyde (1.6+0.5 nmol/L) and peroxynitrite (1.7+0.34 mmol/L) serum levels than
that of non-smokers (1.2+0.1 nmol/L and 1.4+0.32 mmol/L respectively,(p<0.05) for both
parameters. Serum zinc, ceruloplasmin, and total glutathione levels, were not significantly
differed between the two groups, whereas the percent of abnormally high levels of oxidative
stress markers were significantly higher in smokers than in non-smokers(p<0.01). In respect
to dietary zinc intake for smokers and non-smokers, no significant difference was found in
daily dietary zinc intake for both groups (p=0.45).
Conclusion This study demonstrated that cigarette smoking is associated with marginal
hypozincemia which may render smokers more susceptible to oxidative stress.
Duhok Med J 2010;4(1):67-73.
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A

ccumulating evidence suggests a link
between cigarette smoking and
oxidative stress.1 Smokers are at greater
risk than non-smokers of having
intracellular oxidizing agents, particularly
free radicals.2 Tobacco smoke contains
numerous compounds, many of which are
oxidants and pro-oxidants capable of
producing free radicals and enhancing the
oxidative stress in vivo.3 The high
production of these oxidants and pro-

oxidants associated with smoking may
exceed the capacity of the oxidative
defense system resulting in oxidative
damage to certain proteins, lipids and
DNA.4 Data on the other hand, suggest that
zinc is a necessary factor in a variety of
superoxide dismutase, catalase, and
peroxidase. Alteration of zinc metabolism
such as adequate zinc which is unavailable
for these enzymes may contribute
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to the oxidative damage observed in
smoking.5 It has been reported that
cigarette smoking decreases appetite and
may decrease the amount of nutrients
consumed by the smokers.6 Cigarette
smokers may be less likely to consume
micronutrient supplements and more likely
to consume alcohol and other substances
that interact with nutrient metabolism.
Tobacco leaves contain a significant
amount of cadmium which is absorbed
into the body when a person smokes or
chews tobacco. This cadmium can replace
the bivalent metals like zinc( Zn),
copper(Cu), and manganese (Mn) from
superoxide dismutase (SOD) which is a
powerful antioxidant.7 A recent study
indicates that even though dietary intake of
minerals in smokers was adequate, the
habitual diet was not able to maintain the
serum zinc concentration in the normal
ranges, and thus making smokers more
susceptible to oxidative stress.8 Therefore
the present study was designed to assess
zinc status in a sample of cigarette
smokers in comparison with that of nonsmokers and to ascertain the relationship
between the levels of serum zinc, oxidant
and antioxidant variables.
METHODS
This study was carried out on 254
apparently healthy males aged 20-61
years. They were recruited by consecutive
sampling procedure from different areas of
Duhok city. One hundred twenty seven
were smokers and 127 were non-smokers.
Both smokers and non-smokers underwent
medical health examination at Azadi
Teaching Hospital, Duhok, Iraq. None of
the participants was being on mineral
supplements, medication, or having recent
infection or chronic disease. Verbal
consent was obtained from the subjects
after the nature of the study had been fully
explained to them. The study protocol was
approved by postgraduate committee of
the University of Duhok/Medical Branch.
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A pre-tested questionnaire was
designed to obtain information on age,
smoking habit, and habitual food
consumption patterns of each participants.
Selection of smokers was done
according to the number of cigarettes
smoked per day. For a better assessment of
the impact of smoking status on
parameters under testing, this study
included only heavy smokers who used to
smoke at least 20 sticks per day and
excluded mild or casual smokers to leave a
buffer zone of comparison between
smokers and non-smokers. All smokers
included were males, because female
smokers in our society are rare. Dietary
intakes of selected nutrients and zinc were
calculated from the computerized foodfrequency questionnaire using Food
Composition Tables recommended by
Hands Es.9.
A 24-hours recall procedure was used
to assess the dietary intakes of these
participants. The quantity of food was
estimated in portions of common
household measures. A known weight or
volume of household measures and some
weighted food items were used as model.
Marginal hypozincemia was identified by
serum zinc between 50-70 ug/dl.
Participants were instructed to attend
the laboratory of the Department of
Clinical Biochemistry at Azadi teaching
Hospital at morning after overnight fasting
for 12-14, avoiding smoking and heavy
physical activity for a minimum of 2 hours
before examinations. Blood samples were
collected between 9:00-11:00 am. Ten ml
of blood was withdrawn by venipuncture
using vacutainer from the antecubital vein
and collected in blood vacutainer system
CAT-plain tubes. After 25-30 minutes, the
serum was separated and divided into
number of plain tubes for the estimation of
serum zinc and oxidative stress
biomarkers. The pro-oxidant by-products
(malondialdehyde and peroxynitrite), and
antioxidant markers (serum ceruloplasmin
and glutathione) were

Duhok Medical Journal

Ceruloplasmin was measured by
modified method of Menden et al 1977.10
This assays measure only native, coppercontaining caeruloplasmin. Serum total
glutathione concentration was determined
by modified method of Ellman.11
Estimation of MDA was done according to
the method Beuge and Aust.12 Serum
peroxynitrite level was measured by the
modified method of Vanuffelen et al13
Serum zinc concentration for the target
group of this study was measured by
atomic absorption spectrophotometer
(AAS) method. Flame Atomic Absorption
(Varian 220, Australia) was used as
standardized procedure. The coefficient of
variation (CV) for zinc in pooled serum
samples was 3.5 % (n=30). Values for the
internal control sera (Randox,Ltd.England)
were 73.0 (SD 4.7) ug/dl compared with
certified value of 69.0 (SD 6.7) ug/dl. The
atomic absorption spectrophotometer was
adjusted according to the instruction of the
manufacture.
Differences between groups and
correlations between different variables
were evaluated by paired student t-test and
were calculating using the statistical
package for social science SPSS. P value
of <0.05 was considered statistically
significant.
The
cut
off
values
>(mean+2SD) for non-smokers were
applied to determine the percent(%) of risk
in any of the parameter in smokers.
RESULTS
Among 254 eligible male participants, 115
(45.4%) had marginal zinc deficiency
(serum zinc 50-70 ug/dl), a level indicated
by others.16 The univariate analysis
showed that marginal zinc deficiency was
more frequent in smokers (50.1% Vs
42.6%) compared to non-smokers. Of 127
smokers, 10(7.9%) had high serum
ceruloplasmin levels (>0.430 g/L) and 40(
31.5%) had high serum total glutathione
levels (>1.7 umol/L), whereas in nonsmokers (n=127)the values were relatively

Volume 4, Number 1, 2010

lower, i.e. 5 ( 4.2%) and 27( 21.3%)
respectively, though, no significant
difference was observed between the two
groups (serum zinc of smokers 72.7+22.4
Vs
non-smokers
75.9+17.7
ug/dl;
caeruloplasmin 0.340+0.087 Vs 0.339+
0.045 g/L, and total glutathione 1.27+0.25
Vs 1.20+0.22 umol/L). Regarding prooxidant by-products,30( 23.6%) of
smokers had elevated serum MDA (>1.4
nmol/l) and 35(27.5% ) had elevated
serum
peroxynitrite(>2.09
mmol/l)
compared to 8( 6.3%) and 11( 8.7%) of
non-smokers respectively (p<0.01). The
mean serum values of MDA in smokers
was 1.6+0.5 Vs 1.2+0.1 nmol/l in nonsmokers (P=0.025), and for peroxynitrite
was 1.7+0.34 Vs 1.4+0.32 mmol/l
(P=0.021), the differences were statically
significant. We examined the association
between hypozincemia and the oxidative
stress biomarkers. In this analysis, the
coefficient(r) revealed that hypozincemia
had weak, positive association with these
related variables, (ceruloplasmin; r =0.176
, p=0.1; total glutathione; r=0.193, p=
0.08; MDA; r=0.195, p=0.08 and
peroxynitrite; r= 0.209, p= 0.06).
The average percentage contribution
of different food sources of dietary zinc
intake of participants reveled that cereal
products were the major source of dietary
zinc, 46.3% of all participants depend on
cereal products as a source of dietary
intake. Among cereal products, wheat
bread contributed to 16.5% of the daily
dietary zinc intake of male smokers and
non-smokers. No difference in daily
dietary zinc intake for male smokers and
non-smokers was observed (smokers %
zinc intake Vs non-smokers: cereal
products 43.0 % Vs 47.0%; vegetables and
vegetables products 14.0% Vs 19.0%:
Legumes, seeds and related products
15.0% Vs 13.6%; Meat 15.0% Vs 7.8%;
milk and diary products 5.0% Vs 4.6%;
eggs 5.0% Vs 4.0%; fruits and fruit
products
2.3%
Vs
2.8%;
and
miscellaneous items 0.7 Vs 1.2%.
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DISCUSSION
There have been reports of marginal zinc
deficiency in Iraqi population.14-15 In our
sample, marginal zinc deficiencies do
exist, even among non-smokers. Although
there have been
several studies
investigating the effects of cigarette
smoking on zinc status , there are few
published data on zinc status in our
population. This study revealed low
concentration of zinc in our sample
compared with other population. For
example, in adults a study performed on
Saudi Arab males in 2006 , serum zinc
concentrations were markedly higher than
the levels reported in this locality (i.e.
84.5+ 11.8 vs. 74.2 +19.0)5 as well as in
western populations.16 A low serum zinc
concentration in Iraqi population was also
observed in an earlier study of adults
where mean serum zinc concentration for
adult males was 78.0+11.7 ug/dl17 Such a
difference is especially note worthy
because several factors are known to
impact negatively on biochemical zinc
status.18 Of these, dietary factors have the
most marked negative effect on serum zinc
concentration .The present study shows
that around half of total subjects had
marginal hypozincemia and a relatively
higher frequency in smokers compared to
non-smokers. The higher frequency of
marginal zinc deficiency among smokers
may have resulted from deficient
absorption of zinc caused by a tobacco
chelating effect. In view of the
confounding effect of dietary zinc intake
on biochemical zinc status, no significant
difference in this parameter for male
smokers and non-smokers was observed.
Thus, our results suggest that smokinginduced hypozincemia is an additive factor
to low dietary bioavailability among
subjects living in Duhok city.
Several studies documented that
cigarette smoking may increase oxidative
stress and impair oxidant defense system,
particularly antioxidant enzymes, and
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some trace elements such as selenium, zinc
and copper, which protect the body against
reactive oxygen species. 19 Our data shows
that a high frequency of smokers had low
serum zinc levels and high oxidative
stress biomarkers, Thus our results suggest
that cigarette smoking is associated with
marginal hypozincemia , which renders
smokers more susceptible to oxidative
stress. However, it is unlikely that the
changes in serum zinc were caused solely
by dietary imbalance. Oxidative stress, a
common disorder associated with smoking
habit, can disturb zinc metabolism, this
withstanding 51.1% of the smokers were at
high risk of oxidative stress (increased
levels of MDA and/or peroxynitrite). This
may reflect the high prevalence of
marginal zinc deficiency in smoker males.
There may be a complex interaction
between zinc, antioxidant (ceruloplasmin
and glutathione) and pro-oxidant (MDA
and peroxynitrite) markers that increases
oxidative stress risk in smokers. However,
it is not exactly clear that plasma zinc
plays the major role as antioxidant against
oxidative damage induced by cigarette
smoking.
The study has few limitations. Firstly,
the data from males living in Duhok city
may not represent all subjects living in
other parts of the Duhok governorate.
Secondly, the serum zinc analyses were
not indicative of zinc status for all
subjects. Finally the number size of the
participant was relatively low.
Even though, this study demonstrated
a significance association between
cigarette smoking and zinc status which
may render smokers more susceptible to
oxidative stress. The effects of zinc have
received great deal of interest, through
effects on oxidant defense system; zinc
may decrease the risk of oxidative stress.
Larger prospective studies are needed to
confirm
our
observations,
and
experimental data may further elucidate
the biological mechanisms of the
associations.

Duhok Medical Journal

REFERENCES
1. Anstey KJ, von Sanden C, Slim A, O
for dementi
Am J Epidemiol 2007;166(4):367-78.
2. Kim SH, Ensunsa JL, Zhu QY, Kim
JS, Shin HS,Keen CL. An 18-month
follow-up study on the influence of
smoking on blood antioxidant status in
smokers
in
Korea.
Nutrition
2004;20:437-44.
3. Kim SH, Kim JS, Shin HS, Keen CL.
Influence of smoking on markers of
oxidative stress and serum mineral
concentrations in teenage girls in
Korea. Nutrition 2003;19(3):240-43.
4. Richard
JB.
Decreased
blood
antioxidant capacity and increased
lipid peroxidation in young cigarette
smokers compared to non-smokers:
Impact of dietary intake. Nutrition
2007;6:39-45.
5. Al-Numair KS. The influence of
cigarette smoking on vitamin C, trace
elements and lipid profile of healthy
Saudi adult males. J Food Agr and
Environ 2006;4:79-83.
6. Kocyigit A,Erel D, Gur S. Effects of
tobacco smoking on plasma selenium,
zinc, copper, and iron concentrations
and related antioxidative enzymes
activities.
Clin
Biochem
2001;34(8):629-33.
7. Dubick MA, Keen CL. Influence of
nicotine on tissue trace element
concentrations and tissue antioxidant
defense. Biol Trace Elem Res 1991;
31(2):97-109.
8. Bloomer
RJ.
Decreased
blood
antioxidant capacity and increased
lipid peroxidation in young cigarette
smokers compared to non-smokers:
Impact of dietary intake. Nutr J 2007;
6(39): 10.1186/1475-2891-6-39.
9. Hand ES. Food finders. 2nd ed. Salem,
OR: ESHA research; 1988.
10. Menden EE, Boiano JM, Murthy L,

Volume 4, Number 1, 2010

Petering HG. Modification of a pphenylenediamine oxidase method to
permit non-automated caeruloplasmin
determination in batches of rat serum
or plasma microsamples.Anal Lett
1977;10:197-204.
11. Ellman GI. Tissue sulfhydryl groups.
Arch Biochem Biophys 1959; 80:70-7.
12. Beuge JA, Aust SD. Estimation of
serum malondialdehyde level. In:
Hoffee PA, Jones ME, editors. Method
in enzymology. New York: Hoffee
Jones Academic press; 1978. p 302.
13. Vanuffelen BE, Vanderzee J, Koster
BM, Steveninck J, Elferink JGR.
Intracellular but not extracellular
conversion of nitroxyl anion into nitric
oxide leads to stimulation of human
neutrophile migration. Biochem J
1998; 330:719-22.
14. Al-Timimi DJ, Al-Sharbatti SS, AlNajjar F. Zinc deficiency among a
healthy population in Baghdad, Iraq.
Saudi Med J 2005;26(11):1777-81.
15. Al-Timimi DJ, Said NM, Al-Rubaii
AY. Zinc deficiency in children with
short stature: Effect of zinc
supplementation on growth. JABMS
2005; 7(4):338-43.
16. Tapiero H, Tew KD. Trace elements in
human physiology and pathology: zinc
and
metallothioneins.
Biomed
Pharmacother 2003; 57:399-411.
17. Al-Timimi DJ, Al-Rubaii AY. Current
status of zinc in healthy and sick
elderly. J Fac Med Baghdad
2001;43(1):73-6.
18. Brown KH. Wuehler SE, Person JM.
The importance of zinc in human
nutrition and estimation of the global
prevalence of zinc deficiency. Food
Nutr Bull 2002;22: 113-25.
19. Kocyigit A, Erel D, Gur S. Effects of
tobacco smoking on plasma selenium,
zinc, copper, and iron concentrations
and related antioxidative enzyme
activities.
Clin
Biochem
2001;34(8):629-33.

71

ZINC STATUS AMONG SMOKERS AND NON-SMOKERS

Vs

P< 0.05 )
(50.1 % 42.6%
P< 0.01

72

Duhok Medical Journal

Volume 4, Number 1, 2010

50.1 % Vs 42.6%

P< 0.05

P< 0.01

73

