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Abstract: Osteoporosis is a skeletal disorder characterized by low bone mass and loss of bone tissue that may lead
to weak and fragile bone. It is affected by numerous factors, including age, dietary factors, lack of exercise,
menopause, underweight, excessive alcohol consumption and cigarette smoking. The aim of the present study is to
investigate the influence of cigarette smoking on Bone mineral Density (BMD) and examine the relation between
cigarette smoking and vitamin D among men. A total of ninety-six males, aged between 3250 years, were recruited
and divided into 4 groups according to their smoking status: non smoker (n=26), light smoker (n=18), moderate
smoker (n=26) and heavy smoker (n=26). Participants visited the Center of Excellence for Osteoporosis Research
(CEOR) at King Abdul Aziz University and completed a questionnaire about medical history, lifestyle and smoking
habits. Written informed consent was obtained from all participating men. Bone density was measured using dual-
energy X ray absorptiometry (DXA) at three sites, the lumbar spine (L1-L4), femur neck and total hip. Serum Ca,
PO,, Mg, iPTH, 25-OHD;, OC and CTx were measured. We found that bone mineral density at femur neck was
significantly lower in light and heavy smoker groups compared to non smoker group (P< 0.05). BMD were
positively correlated with body mass index (P<0.01) and waist to hip ratio (P<0.01) in heavy smoker group and
negatively correlate with number of years smoked (P< 0.05). Nearly 69% of our study population had low serum 25-
OHD levels (<25nmol/L). In the heavy smoker group, 80% had vitamin D deficiency (<25 nmol/L) compared with
46% in the non-smoker group. There were a significant negative correlation between serum 25-OHD and number of
cigarettes smoked daily (P< 0.05) and PTH level (p<0.01) in heavy smoker group. Smoking was associated with
reduced BMD in the heavy smoker group and the smoking duration (years) had a stronger effect on BMD than the
number of cigarettes smoked daily.
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1. Introduction to suffer from peripheral vascular disease, reducing
Cigarette smoking is one of the main issues blood supply to the bones [6].

influencing the wellbeing of humans. It is one of the Smoking has been linked to changes in
major public health problems in Saudi Arabia and it hormones secretion, leading to a decrease PTH level
is increasing at an alarming rate [1]. Smoking is (thus reducing calcium absorption) and estrogen
thought to cause low bone density through various levels as well as to an increase in the level of cortisol
pathways. The direct action of smoking on bone cells and adrenal androgens, changes that have been linked
have not been clearly defined, both stimulation and to an increased risk of osteoporosis [7]. The previous
inhibition of osteoblast formation and activity being studies showed that calcium absorption was lower in
reported [2]. Smoking is associated with increased smokers as compared with non-smokers and this is
concentrations of free radicals, which may affect attributed to the lower PTH and serum -calcitriol
bone resorption. Nicotine and the free radicals levels seen in smokers [8]. The impairment of
released act to inhibit the cellular metabolism of calcium absorption results in accelerated bone loss
osteoblasts and reduce collagen synthesis [3]. There [7]. Smoking reduces the level of vitamin D in the
is other finding that nicotine is also toxic to calcitonin body, which is required for good bone health, lower
[4]. The previous study showed that, increase bone 25-OHD levels in smokers compared with non-
resorption in current smokers may suggest indirectly smokers have been reported in several studies, but the
that osteoblasts are damaged in smokers. Tobacco mechanism of this association is unclear [9]. One
and smoke constituents may induce the apoptosis of possible explanation may be enhanced hepatic
different cells [5]. Smoking damages the endothelial metabolism of vitamin D metabolites following
cells of the blood vessels and smokers are more likely induction of liver enzymes due to smoking [10].
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Since cigarette smoking has been implicated
as a risk factor for osteoporosis, however, most
studies of the relationship between smoking and
osteoporosis have been carried out in postmenopausal
women and there is little information regarding the
effect of smoking on bone in men, so this study was
designed to investigate the influence of cigarette
smoking on BMD and to examine the relation
between cigarette smoking and vitamin D among
men.

2. Subjects and Methods

A total of 96 volunteers males who visited
Centre of Excellence for Osteoporosis Research,
King Abdul Aziz university, Jeddah, Saudi Arabia,
aged between 32-50 years, were divided into 4
groups according to their smoking situations: non
smoker (n=26), light smoker (n=18), moderate
smoker (n=26) and heavy smoker (n=26). The heavy
smoker group was composed of subjects who smoked
over 20 cigarettes a day. The moderate smoker group
was composed of subjects who smoked 11~20
cigarettes a day. The light smoker group was
composed of subjects who smoked under 10
cigarettes a day [11].

All subjects were clinically examined and
completed a validated standardized (CEOR)
questionnaire. A questionnaire covering data on Age,
bodyweight, height, body mass index (BMI), waist to
hip ratio (WHR), medical history, life style, smoking
habits, and the use of vitamins and medications. For
each subject, the biochemical markers for liver,
kidney, and some endocrinal glands functions were
investigated to confirm that any individual
incorporated in this study was healthy. Men who are
suffering from diabetes mellitus, chronic disorders of
liver and kidney were excluded from this study. Men
who receiving calcium/vitamin supplements were
also excluded.

Bone Mineral Density measurements (BMD)

Bone mineral density of the anteroposterior
lumbar spine (L1-L4), mean of right and left femoral
neck and mean of right and left total hip were
determined by  using  dual-energy  X-ray
absorptiometry (DXA) wusing (LUNAR Prodigy
Model, USA). Based on WHO criteria all subjects
with T-score <—2.5 were diagnosed as osteoporotic
patients, while T-score between —1 and -2.5
classified as having osteopenia and a T-score >—1 is
considered normal.

Biochemical parameters measurement

Fasting blood and urine samples were
collected under standardized conditions. Serum and
urine samples were stored at—80 °C within 30 min
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after centrifugation at 3000xg forl0 min until
analysis. Serum Ca, Mg and PO, were measured
using VITROS 250 Chemistry System Autoanalyzer
(Ortho-Clinical Diagnostics — Johnson & Johnson
Co., USA). Serum 25(OH)D and intact PTH were
measured by direct competitive and a direct sandwich
chemiluminescence immunoassays using LIASON
autoanalyzer, respectively (DiaSorin Inc, Stillwater,
MN, USA). The serum bone turnover markers
including osteocalcin (OC) and Carboxy terminal
cross-linking telopeptide of type I collagen (CTX)
were measured using Elecsys and cobas
immunoassay analyzer (Roche Diagnostics GmbH,
D-68298 Mannheim, Germany).

Statistical analysis

Analyses were performed with PASW
(Predictive Analytics Software version 18.0 for
Windows, 2009). ANOVA analysis (One-Way
Analysis of Variance) was carried out to identify any
significant differences among the 4 groups: non-
smoker, light smoker, moderate smoker and heavy
smoker for different variables. Bonferroni Post Hoc
test was used when significance tests were made
between groups. Result that was not normally
distributed was analysis by nonparametric test.
Associations between continuous variables were
examined using Pearson correlation coefficients.

3. Results

The study was carried out on ninety six
healthy men classified into four groups according to
the smoking status. Groups were non-smoker, light
smoker, moderate smoker, and heavy smoker. Table
1 represent a comparison of age, BMI,WHR,
cigarette duration, BMD values at the lumbar spine
(L1-L4), femoral neck and total hip,s-Ca, s- Mg,s-
PO,, s-iPTH, s-25-OHD; s-OC and s-CTx between
groups. A significant difference was found in WHR
between groups, moderate smoker group showed a
significant decrease in WHR compared to non
smoker group (P< 0.05). A statistical significant
difference was found between the studied groups as
regard to BMD at femur neck. By using the
bonferroni post hoc test, BMD at femur neck BMD
was significantly lower in light and heavy smoker
groups compared to non-smoker group (P< 0.05). No
significant differences were found in age, waist,
BMI, s-Ca, s- Mg,s- POy, s-iPTH, s-25-OHD; s-OC
and s-CTx among the groups.

In heavy smoker group a significant
positive correlation was found between BMI and
BMD at lumbar spine (L1-L4) (r=0.739, P<0.01),
femur neck (= 0.777, P<0.01) and total hip
(r=0.825, P<0.01). Also significant positive
correlation was found between WHR and BMD at
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lumbar spine (L1-L4) (r=0.460°, P<0.05), femur
neck (r=0.512"", P<0.01) and total hip (r=0.534"",
P<0.01).

Table 2 demonstrates the relationship between
smoking and BMD values at the lumbar spine (L1-
L4), femur neck and total hip. By using person
correlation, a significant negative relation was
found between BMD at lumbar spine (L1-L4) and
total hip with numbers of years smoked. No
statistical significant relation was found between
number of cigarettes smoked daily and
measurements of BMD at three sites. A significant
negative correlation (r= -0.404-", P<0.05) was
found between number of cigarette smoked daily
and 25-OHD in heavy smoker group. A significant
negative correlation were found between s-PTH

level and serum 25-OHD; level in non smoker (r=-
0.541-"" P<0.01) and heavy smoker group (-0.599-
" P<0.01).

As shown in Table 3 adequate serum
25(0OH) D levels (> 75 nmol/L ) were 7.7% of non
smoker group and 3.8% of moderate smoker group.
Vitamin D insufficiency (=50 to <75 nmol/L) was
3.8% in non smoker, moderate smoker and heavy
smoker group. Moderate to severe vitamin D
deficiency as defined by serum 25(OH) D levels
<25 nmol/L was observe in all groups. We perceive
that 80.8% of heavy smoker group, 73% of
moderate smoker group, 66.7% of light smoker
group and 46% of non smoker had moderate to
severe vitamin D deficiency.

Table 1: Comparison of age, BMI, waist, WHR, cigarette duration, BMD values at the lumbar spine (L1-L4),
femoral neck and total hip,s-Ca, s- Mg,s- POy, s-iPTH, s-25-OHD; s-OC and s-CTx in non smoker, light smoker,
moderate smoker and heavy smoker groups

Variables Non smoker Light smoker Moderate smoker( Heavy smoker (> 20 AN(;)_VA
(n=26) (<10 Cig/day) 11-20 Cig/day) Cig/day) value)
Age 40.46 + 4.66 37.83 £4.58 39.12 +4.29 39.31 +5.48 0.396
Waist(cm) 96.84+11.56 93.00 £ 9.64 86.88 + 15.98 95.42 + 19.45 0.095
WHR 0.91+.06 0.89 = 0.05 0.84+0.12 0.92+0.12 0.025
Smoking 0 13.78+5.02 17.77+7.12 17.0746.22 0.157
duration
Femur neck
BMD(g/em) 1.07 +.11 0.96 +.23 1.00+0.11 0.97 +.12 0.041
Total hip
BMD(g/em? 1.08£0.10 1.04+£0.12 0.99 +0.22 1.00+0.14 0.120
s-Ca (mmol/L) 2.56 +.24 2.61 £.50 249 £.17 251 +19 0.489
s—Mg 0.78 +.065 0.77 +.06 0.78 +.088 0.78 +.06 0.857
(mmol/L)
s -PO; 1.22+0.18 124 +022 1.26 £0.22 1.32+0.16 0.238
(mmol/L)
s-IPTH 9.08 + 4.36 7.79 £ 4.22 8.14 £ 3.57 7.65+331 0.560
(pmol/L)
5-25-OHD; 27.16 £19.12 23.79 +9.98 23.84 +17.04 18.41 + 10.46 0.225
(nmol/L)
s-OC (ng/ml) 18.71 £5.77 20.75+ 6.7 23.63 + 731 20.79 + 6.84 0.072
(Sl;g/fmx) 427.9+194.6 462.59+200.2 455.7 £168.74 406.83+191.45 0.723

Data are presented as mean+SD
P value is significant at < 0.05, Ca(calcium),Mg(magnesium),PO4(inorganic phosphate) PTH (parathyroid hormone), 25-
OHD3(25- hydroxyvitamin D),0C(Osteocalcin) and CTX(Carboxy-terminal cross-linking telopeptide of type I collagen). n=

number of subjects

Table 2 Correlation between bone mineral density and smoking

T- Total hip T-
(Ié\/llg) scT)re Feml;lll;/[(ll;eck) score BMD score
C'gafﬁg/ed:;‘)"’ked 10.002- 0.167- 0.080 0.075- -0.047- 0.002
SmokingDuration (Year) -0.181- -0.248- -0.099- -0.007- -0.267-" -0.167-

*_ Correlation is significant at P<0.05 no/day (number of cigarette smoked per day)
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Table 3. Percentage values of serum 25-OHD according to smoking status.

Serum 25-OHD Non smoker Light smoker (<10 Moderate smoker (11- Heavy smoker (>
level (cut offs) (n=26) Cig/day) 20 Cig/day) 20 Cig/day)
(nmol/L) (n=18) (n=26) (n=26)
<12.5 11.5% (3/26) 16.7% (3/18) 11.5% (3126) 38.5% (10/26)
12.5-24.9 34.6% (9/26) 50.0% (9/18) 61.5% (16/26) 42.3% (11/26)
25-49.9 42.3% (11/26) 33.3% (6/18) 19.2% (5/26) 15.4% (4/26)
50-74.9 3.8% (1/26) _ 3.8% (1/26) 3.8% (1/26)
>75 7.7% (2/26) _ 3.8% (1/26) _
4. Discussion reduce BMD either through changes in body mass or
Cigarette smoking was first identified as a by direct effects on the skeleton[17]. However, we
risk factor for osteoporosis more than 20 years ago found a significant positive relationship between
[9]. In this study we assessed the BMD in 96 men, BMD at lumbar spine (L1-L4), femur neck, total hip
classified into 4 groups non, light, moderate and and BMI in heavy smoker group which have a high
heavy cigarette smokers. The prevalence of percentage of normal BMI (23.3%) than other
osteopenia in the study groups at the lumbar spine groups. The osteoporotic participant was in heavy
was 5.6% in light smoker, 7.7% in moderate and smoker group and had lower BMI. Smokers tend to
heavy smoker groups. Similarly at the femur neck be thinner and have lower body fat compared with
site, osteopenia was observed in 5.6% in light non-smokers. The mechanism for this association
smokers, 7.7% in moderate smokers and 15.4% in remains unclear, but appetite suppression may be
heavy smokers, respectively. In heavy smoker group responsible [3]. This is in agreement with other study
3.8% had osteoporosis as indicated by lumbar spine in which they found that smokers have lower body fat
(L1-L4) and total hip but in non smoker group the compared with non-smokers [18]. The lower body
BMD values were normal at three sites. A statistical weight in smokers compared with nonsmokers was
significant difference was found as regard to BMD at also found in previous study [17]. In a study on
femur neck. Light and heavy smoker group had a Moroccan men low BMI scores were associated with
significantly lower femur neck BMD compared to BMD loss and this association was stronger with hip
non smoker group. In agreement with our results, BMD than with lumbar spine [19]. Recent study
previous study reported that smokers had showed that the changes in BMI was positively
significantly lower BMD than non-smokers [13]. correlated with percent changes in BMD at the spine,
Other study reported that BMD measurements of the total hip and femoral neck in elderly Lebanese men
lumbar vertebra in male smokers were significantly and women [20].
lower than those in non-smokers [14]. Recent study In epidemiologic studies, the WHR is
were found that smoking was a negative predictor for widely used as an index of regional adipose tissue
BMD among males [15]. In contrast to our finding, distribution [21]. There are few reports about the
the study that evaluated the BMD in 161 subjects influence of WHR on BMD in men. In our study a
which they divided into 4 groups according to their significant positive correlation was found between
smoking classes: non-smoker, light, moderate and BMD and WHR in light and heavy smoker groups.
heavy smokers, they found that BMD values were not Men with highest WHR tended to have higher BMD.
significantly different among the groups [11]. Thus, Various studies indicate that fat mass may have
the disagreement of these results may be due to the beneficial effects on increasing bone mass [21]. In
characteristics of the study population where they agreement to our results, a study showed that
were young adult males who have a relatively short abdominal fat weight and WHR were positively and
history of cigarette smoking. In this study, a significantly associated with bone mass [21]. It’s
significant negative relation were found between been reported that WHR was inversely related to
number of years smoked and BMD values at lumbar bone mass in Polish men [22]. These conflicting
spine (L1-L4) and total hip but no statistical results may be partially due to differences related to
significant relations were found between numbers of sex, sample size, study design and analysis methods,
cigarettes smoked daily and BMD. This is in and population structure.
agreement with previous study in which they noted In the present study, high prevalence of
that, for BMD values at the hip in smokers of both vitamin D deficiency as defined by serum 25-OHD
genders there was a significant negative relation with levels <50 nmol/L (<20 ng/ml), was common in
numbers of years smoked [16]. Smoking could Saudi men. Nearly 93.8% of our study population
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had low serum 25-OHD levels (<50nmol/L). The
main risk factors for vitamin D deficiency were
obesity, poor sun exposure, higher WHR [23].
Furthermore, sedentary lifestyle, smoking, and
inadequate  vitamin D  supplementation are
independent predictors of severe to moderate vitamin
D deficiency [24]. In our study, Serum 25-OHD
levels were lower in heavy smokers compared with
non-smokers, 80.8% of heavy smokers had vitamin D
deficiency (<25nmol/L) compared with 46% in non-
smokers. A significant negative relation was found
between numbers of cigarettes smoked daily and 25-
OHD in heavy smoker group. The present results are
in agreement with a study in which they found that
serum 25-OHD levels correlated inversely to number
of cigarettes currently smoked per day [17]. Earlier
study showed that; the current smokers had lowered
25-OHD concentrations than never smokers [18].
Similar results have been previously described in
smoker [13]. The former study have been reported
that smoking has a significant effect on vitamin D
metabolism and reduces serum levels of 25-OHD.
However, the mechanisms underlying low 25-OHD
levels in smokers are not clear [9]. Increased activity
of liver enzymes induced by cigarette smoking is one
potential explanation for the reduced vitamin D level
[17].

Vitamin D is an important determinant of
serum PTH levels [25]. A deficit of vitamin D would
be expected to impair calcium absorption efficiency
and lead to rise in PTH production [26]. In non-
smoker 46% have vitamin D deficiency (<25nmol/L)
and 61.5% have higher PTH level but in heavy
smoker group 80.8% (<25nmol/L) have vitamin D
deficiency and 53.3% have higher PTH level. This
might be confirming our observation that there was a
significant negative association of serum 25-OHD
with PTH level in non- and heavy smoker groups.
This inverse relationship has been described by
others [24, 20]. In Saudi men, Icelandic men and
Lebanese men and women respectively.

Conclusion and Recommendations

We conclude that, smoking have a negative
effect on bone health. It seems to be associated with
a reduced BMD at femur neck and reduced vitamin
D level in heavy smoker group. We found that, the
extent of the smoking effect was strongly associated
with the duration of smoking than the quantity of
cigarette smoked. In the future, more research is
needed to understand the biologic mechanism that
result in lower BMD among smoker men. The
effects of smoking on sex steroid hormones,
powerful determinants of bone loss are needed to be
investigated in further studies. Also the sample size
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must be taken into consideration as the study leading
to further community based studies.
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