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ABSTRACT
Objective: Cigarette smoking harms all body systems, and its effects are primarily related to nicotine. However, the heavy
metal content (mainly lead and cadmium) could add to nicotine's hazardous effects. Thus, the current study aimed to

investigate the effect of cigarette smoking content of cadmium and lead on bone mineral density.

Subjects and Methods: A retrospective analysis of data from active, passive, and non-smokers (every 70 subjects) was

analyzed for patient demographics, laboratory investigation, serum cotinine (as a confirmatory marker of smoking, bone

mineral density (BMD), blood and urinary levels of cadmium and lead).
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Results: Hemoglobin concentrations and red blood cell count were significantly reduced, while erythrocyte
sedimentation rate and liver enzymes were significantly increased in active and passive smokers than non-smokers.
Serum cadmium, lead, and cotinine were raised considerably in passive and active than non-smokers (0.47+0.05,
21.94+3.99, 5.35+0.90 in active, 0.32+0.09, 18.91+3.30, and 4.35+0.89 in passive, versus 0.09+0.06, 9.84+2.63, and
1.28+0.21 in the control group, successively). Bone mineral density was reduced in active and passive than non-smokers
at the radial shaft, femoral neck, and spine. Cotinine was significantly and proportionately correlated with serum
cadmium and lead and inversely correlated with bone mineral density. Furthermore, cadmium and lead were inversely

correlated with BMD.

Conclusion: Cigarette smoke was associated with higher concentrations of cadmium, and lead may directly and indirectly

share in the harmful effects of smoking on BMD.
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INTRODUCTION
Cigarette smoking has harmful effects on all body
systems. It has about 7,000 harmful chemicals, and
evidence shows that tobacco smoking leads to cancer,
premature death, and different chronic diseases (e.g.,
coronary heart disease and chronic obstructive
pulmonary disease). In addition, its association with the
development of osteoporosis has a growing body of
evidence. However, such relationship's magnitude and
pathophysiological mechanisms remain unclear [1-3].

The mechanisms of harmful effects of smoking on
bone health remain poorly understood due to
contradictory results [4]. However, these effects are
categorized into direct and indirect, as well as many
stages of bone formation, and turnover is affected. These
include, but have not limited to, the alteration in body
weight due to the anorexigenic effect of nicotine [5],
hormonal alterations of the parathyroid hormone-
vitamin D axis [6, 7], alteration of adrenal hormones [8],
sex hormones [3, 9], and increased oxidative stress [10,
11].

Environmental exposure to lead (Pb) and cadmium
(Cd) increases the risk of harmful health consequences,
including endocrine disruption [12, 13]. Both metals are
found in dry tobacco at high concentrations (0.7-3.6 pg/g
Cd and 0.4 to 12.2 pg/g Pb) [14, 15]. Therefore, lead and
cadmium become components of tobacco smoke when
tobacco has been smoked. In addition, 46—60 % lead and
81-90 % cadmium transformed from dry tobacco to the
particulate phase of tobacco smoke [16, 17]. This
consequently produced an elevated level of Cd and Pb in
different tissue samples and the blood of smokers [18-
20]. However, the relationship between elevated Pb and
Cd levels and bone mineral density was not examined,
except in a few animal studies [21-23].

The study aimed to evaluate the potential
hazardous effects of cigarette smoke content of cadmium

and lead on bone mineral density (BMD).
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MATERIALS AND METHODS

The present study included 210 persons selected from Al-
Azhar University hospitals during the period from June
2017 through June 2022. They were divided into three
groups according to their smoking activity. Group |
included 70 active smokers. Group Il included 70 passive
smokers. Group Il included 70 non-smokers. To be
included, active and passive smokers must be regularly
exposed to at least 10 cigarettes/day for at least 6
consecutive months before inclusion in the study. Both
males and females are included regardless of smoking
condition (active or passive). Subjects in the control
group with cotinine levels > 3 ng/ml were excluded from
the study.

The clinical evaluation was completed by full history
taking and clinical examination. Height and weight were
documented, and body mass index (BMI) was calculated
as body weight (kg) divided by squared height (m?). The
laboratory investigations were performed and docu-
mented and included erythrocyte sedimentation rate
(ESR), complete blood count (CBC), rheumatoid factor,
liver enzymes (serum ALT, AST), serum creatinine, blood
urea and fasting and postprandial blood sugar, and serum
uric acid.

Specific laboratory tests included the measurement
of serum and urinary cadmium and lead. According to
Ivanenko, et al., Pb and Cd studies were conducted using
a Varian AA-880 Zeeman atomic absorption spectro-
photometer connected to a GTA-100 electrothermal
atomizer and a programmed sample dispenser [24]. The
detection limits of lead were 0.66 pg/l and 0.0025 pg/| for
cadmium. In addition, smoking exposure was assessed by
measuring serum cotinine levels using a Human Cotinine
ELISA Kit (MyBioSource, Inc, USA) according to
manufacturer instructions. Values < 3 ng/ml were specific
for non-smokers [25].

Dual-energy X-ray absorptiometry (DXA) was used
using a Lunar Prodigy densitometer to quantify BMD at
the radial shaft, lumbar spine (LS) (L2-L4), and femoral
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neck (GE Lunar, WI, USA). (g/cm?) was used to indicate
areal BMD. At the intersection of the proximal two-thirds
and the distal one-third, the density of the radial shaft

was measured [26].

Statistical data analysis: The social science statistical
software was used to code, tabulate, and analyze the
obtained data (SPSS version 16, SPSS Inc, Chicago, USA)
[27]. First, frequency and percentages were computed
for categorical data and groups compared by the Chi-
square test. Otherwise, means and standard deviations
were calculated as quantitative data, and groups were
compared by One-way analysis of variances with the least
significant differences to compare two groups. Finally,
the correlation between the two parameters was
calculated using the Pearson correlation coefficient.

Statistics were deemed significant if p < 0.05 [28].

RESULTS

Males were predominant overall in the study, and there
was a significant increase of males in active than passive
and non-smokers (94.3% vs. 20.0% and 42.9%, respect-
tively). The majority of patients were in their fifties.
Hemoglobin concentrations and RBCs count were
significantly reduced in passive and active smokers than
in non-smokers. However, compared to non-smokers,
the white blood cell count was considerably higher in

active and passive smokers. Active and passive smokers
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had considerably higher ESR and liver enzymes (ALT and
AST) than non-smokers. The serum cadmium and serum
lead levels were significantly higher in active passive
smokers and in passive smokers than non-smokers.
However, urinary levels did not show significant
differences. In addition, the subject’s age, body mass
index platelets, serum uric acid, and serum creatinine did
not appear to have substantial differences between
groups. The serum cotinine showed a significant increase
in activity than passive smokers (5.35+0.90 vs. 4.35+0.89
ng/ml, respectively) and in passive than non-smokers
(4.35£0.89 vs. 1.28+0.21 ng/ml, respectively) (Table 1).
Bone mineral density showed a statistically significant
reduction in active and passive than non-smokers in all
measured areas (radial shaft, femoral neck, and lumbar
spine) (Fig 1).

There was a significant inverse correlation between
cotinine from one side and each hemoglobin concen-
tration, red blood cell count, and BMD of the femoral
neck, radial shaft, and lumbar spine. In addition, the
correlation was proportional and significant with ESR,
liver enzymes, serum cadmium, serum lead concen-
tration, urea, and serum creatinine (Table 2).

In the current work, there was an inverse (negative)
correlation between each serum cadmium and serum
lead from one side and BMD at the radial shaft, lumbar

spine, and femoral neck (Table 3).

Table 1. Patient characteristics and laboratory investigations among study groups

Sex (n,%) Male 66 (94.3%)
Female 4 (5.7%)
Age (years) 45.71+8.352
BMI (kg/m?) 25.79+2.33 a
Hemoglobin 9.23+0.65 b
RBCs x 106 3.62+0.37 b
WBCs x 1073 6.91+1.84a
Platelets x 10"3 251.37+38.04a
Serum uric acid 5.99+1.03a
ESR 22.02+4.60a

14 (20.0%) 30 (42.9%) <0.001*
56 (80.0%) 40 (57.1%)

45.41+7.80 2 45.2747.17 0.94
25.56+2.32 a 51.11%1.94 a 0.19
9.81+0.63 b 10.98+0.94 a <0.001*
3.94+0.31b 4.34+0.37a <0.001*
5.10+1.07bc 4.58+0.91c <0.001*
258.36+50.08a 252.57+21.67a 0.51
5.72+1.13a 5.67+1.29a 0.23
20.7743.12b 15.31+2.35¢ <0.001*
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SGOT 35.45+8.56a 33.05+7.74b 21.92+5.96¢ <0.001*
SGPT 32.3149.49a 31.9448.38b 20.2149.97c¢ <0.001*
Serum urea 29.45+9.18a 27.04+7.58b 21.01+4.94c <0.001*
Creatinine 0.67+0.16a 0.68+0.17a 0.62+0.18a 0.10
Serum Cadmium (pg/l) 0.4710.05a 0.32+0.09b 0.09+0.06¢ <0.001*
Urinary cadmium (ug/l) 0.032+0.009a 0.037+0.016a 0.032+0.026a 0.23
Serum lead (pg/l) 21.9443.99a 18.91+3.30b 9.84+2.63c <0.001*
Urinary lead (pg/l) 0.50+0.67a 0.37+0.52a 0.34+0.56a 0.24
Cotinine (ng/ml) 5.35+0.90a 4.35+0.89b 1.28+0.21c <0.001*

The results are expressed as a mean value * standard error of the mean. Values with a different lowercase letter in superscript within the
same column are significantly different from each other according to the Fisher test at p<0.001. *=Highly significant at p-value <0.001.
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Figure 1. Comparison between studied groups regarding bone mineral density (g/cm?)
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Table 2. Correlation between serum cotinine and different variables.

r p
‘Age 002 0.675
BMI 0.082 0.237
Hemoglobin -0.640 <0.001
RBCs -0.588 <0.001
WBCs 0.440 <0.001
Platelets 0.015 0.831
Serum uric acid 0.040 0.560
ESR_1 0.562 <0.001
SGOT 0.597 <0.001
SGPT 0.546 <0.001
Urea 0.396 <0.001
Serum cadmium 0.859 <0.001
Urinary cadmium 0.039 0.577
Serum lead 0.781 <0.001
Urinary lead 0.082 0.239
Radial shaft -0.577 <0.001
Femoral neck -0.806 <0.001
Spine -0.677 <0.001

r: Pearson correlation, p: p value at 0.001

Table 3. Correlation between bone mineral density and serum or urinary cadmium and lead in all studied cases.

Serum cadmium Urinary cadmium Serum lead Urinary lead

- Serumcadmium | e e 0.053 0.446 0.794 <0.001 0.075 | 0.280
Urinary cadmium 0.053 0.446 | - | -0.014 0.835 0.016 0.814
Serum lead 0.794 <0.001 0.014 0.835 | - e 0.068 0.326
Urinary lead 0.075 | 0.280 0.016 0.814 0.068 0326 | - | -
Radial shaft -0.552 | <0.001 0.073 0.294 -0.616 <0.001 -0.124 | 0.072
Femoral neck -0.810 = <0.001 0.001 0.997 -0.697 <0.001 -0.117 | 0.092
Spine -0.641 | <0.001 0.114 0.098 -0.608 <0.001 -0.066 | 0.343

-

: Pearson correlation, p: p-value at 0.001
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DISCUSSION

This study aims to evaluate the effect of cigarette
smoking content of cadmium and lead on BMD. It
included three equal groups (every 70 subjects) of active,
passive, and non-smokers. Serum cadmium and lead
levels were significantly higher in active and passive
smokers than in non-smokers. However, bone mineral
density was significantly reduced in all measured areas.
The inverse correlation between Cd and Pb and BMD
from the other confirmed the association. Serum cotinine
levels were significantly and proportionately correlated
with serum cadmium and lead while inversely correlated
with bone mineral density.

These results align with Hou, et al. [29], who
reported that serum cotinine and smoking had a harmful
impact on the bone in the form of increased cases of
osteoporosis and osteopenia. This association remains
constant after the adjustment of confounding factors.
Serum cotinine and the frequency of bone diseases were
positively and nonlinearly correlated. Fang, et al. also
reported that high serum cotinine levels significantly
reduced lumbar BMD participants aged 30 years or older
[30].

Other studies also reported an association between
smoking and osteoporosis [31]. However, Lorentzon, et
al. did not find significant differences between non-
smokers and smokers regarding the distribution of
volumetric BMD [32]. Marques, et al. found significant
bone mineral density differences in elderly subjects [33].
These suggested that smoking may accelerate the
process of aging-induced osteopenia. Chang, et al. [34]
reported that many studies had shown a significant
association between cigarette smoking and reduced
fracture healing power impairment and BMD. Yet, the
underlying processes are still not completely known. The
presence of nicotine was blamed for the harmful

consequences. Unfortunately, cigarettes include a
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variety of chemicals that are harmful to bone health [35].
Here, we could confirm the harmful effects of nicotine by
the significant increase its metabolite cotinine and added
effects by the increased levels of cadmium and lead.
However, we cannot abolish the effects of other
substances. The many toxic compounds in cigarettes
make it impossible to test every substance. However, the
positive correlation between cotinine and cadmium and
lead confirms their participation in the harmful effects of
smoking. Fernandez-Torres, et al. reviewed the evidence
of the association between cigarette-Cd content and the
development of joint diseases [36]. They stated that
cigarette-Cd might lead to osteoarthritis, osteoporosis,
and rheumatoid arthritis. They explained that the higher
concentration of Cd triggers oxidative stress and low-
grade inflammation. In addition, the reduction in
antioxidant enzymes favors bone resorption. Elonheimo,
et al. hypothesized a connection between osteoporosis
and blood concentrations of industrial chemicals such as
phthalates, poly-fluoro-alkyl compounds, and heavy
metals like cadmium and lead [37].

In an interesting study, Ananda Jayalal, et al.
estimated the lead-bone content of victims who died due
to chronic kidney disease of uncertain etiology and found
a significant increase in bone-lead concentration than
those who died from non-chronic kidney disease [38].
However, cadmium and mercury did not significantly
differ between cases and controls. They suggested that
the marked deterioration of renal function could be
related to the progressive increase of lead concentration
that could not be diagnosed during life. Jalili, et al. stated
that there is a biological plausibility explaining the
possible association between heavy metal exposure and
the risk of osteoporosis or osteopenia [39]; it was
inconclusive. Thus, they performed a systematic review
to evaluate this association. Their results revealed that

cadmium exposure was associated with a raised risk of
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osteopenia or osteoporosis. However, the effect of lead
was significant in men, not in women. They confirmed
that the fact detected in the current study indicated that
blood levels of heavy metals, not urinary values, were
associated with the raised risk of osteoporosis or
osteopenia. However, they reported heterogeneity of
studies that present a limitation of generalization of
results.

Current results align with Law and Hackshaw [40],
who noted a significant reduction of bone mass in active
than in non-smokers. The review by Wong, et al. [41]
revealed that the effects of smoking on bone mass are
dose dependent. The present research confirms this by
finding an adverse relationship between cotinine and
BMD. Brzdska and Moniuszko-Jakoniuk [42] discovered a
substantial inverse relationship between Cd and BMD.
Jarup and Akesson also found a negative relationship
between forearm BMD and Cd level [43]. Gao et al.
discovered a substantial loss in BMD of the lumbar spine
and femur in smoke-exposed rats compared to non-
exposed rats in an animal investigation [44]. César-Neto,
et al. [45] showed a reduction in bone density in subjects
exposed to cigarette smoke inhalation (passive smokers).
Gao, et al. confirmed the effect of passive smoking on the
bone of female rats with an increased risk of fractures

[44].
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