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ABSTRACT
Health behaviours are a key component of bone health. In 657 young women examined the relationship
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between bone mineral density (BMD), bone mineral content (BMC) in the distal and proximal part of the
forearm, and physical activity (PA), smoking (AS), environmental tobacco smoke exposure (ETS) and
body mass index (BMI). The densitometry method, Global Adult Tobacco Survey Questionnaire and In-
ternational Physical Activity Questionnaire were used. Weekly physical activity was calculated by adding
up the Metabolic Equivalent of Task (MET). Smoking women had significantly lower bone parameters. The
predictor of interactions of three variables: PA, BMI (positive direction), and years of ETS exposure (neg-
ative direction) was significant for distal BMD and BMC. The predictor of interactions of PA, BMI (positive
direction), and AS in numbers of cigarettes per day and years of ETS exposure (negative direction) was
significant for BMD prox. MET min/week (positive direction), years of AS, and ETS exposure (negative
direction) were significant predictors for T-score dis. The predictor of interactions of five variables: PA
(MET), BMI, age of starting smoking (positive direction), AS in numbers of cigarettes per day, and years
of ETS exposure (negative direction) was significant for T-score prox. Cigarette smoking and ETS are
modifiable determinants of low bone mineral density in young Polish women. Despite the women'’s good

i socio-economic status, a high, alarming incidence of low BMD was reported. The current study may be
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important in understanding the relationship between BMD, BMC, and smoking in young women as risk
determinants of osteoporosis in future.
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Introduction

Health behaviour research is important in assessing
the risk of several diseases, including bone disease.
Bone mineral density (BMD) is a complex parameter that
is influenced by both genetic and environmental factors,
and possibly also by interactions between them. It is
known that body weight or body mass index (BMI) are
positively associated with BMD in older men and women
[1-3]. However, in young women, this relationship has

not been fully established. Physical activity is consid-
ered an important factor positively influencing BMD.
However, it is unclear whether this beneficial effect on
BMD could be reduced by modifiable risk behaviours
associated with lifestyle. Socioeconomic factors have
been recognized as associated factors of many chronic
diseases such as diabetes and cardiovascular disease
[4-6]. Scientists concluded that there is limited evidence
of good quality for impact assessments of socio-eco-
nomic status in mineral density and bone fractures [7].
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Cigarette smoking is widely believed to contribute
to premature death [3], cancer [8], and many chronic
diseases [9]. Smoking may be one of the most import-
ant modifiable risk behaviours related to lifestyle, also in
the development of osteoporosis [10-12]. Many studies
have identified smoking as a risk factor for osteopenia
and osteoporosis, with its effects greatest in men and
older adults, and dose-dependent [10, 13]. Studies
on the effect of tobacco smoking on BMD in young
women are much less numerous and their results are
inconclusive [10, 12, 14]. Passive smoking (PS) is the
effect of environmental tobacco smoke (ETS) exposure
on the human body [15, 16]. Environmental smoke and
tobacco smoke exposure (TSE) cause the same serious
diseases as active smoking [3, 8, 17-19]. Long-term
active smoking was a strong risk factor for postmeno-
pausal osteoporosis [20]. Meta-analyzes of the effects
of smoking on bone health showed a low bone mass
(BMC) and reduced BMD in current smokers compared
to non-smokers [10]. In particular, exposure to cadmi-
um from tobacco smoke plays an important role in the
development of osteoporosis [21]. Smokers experience
deterioration of bone microarchitecture, especially in the
trabecular compartment [13]. Quitting smoking may at
least partially reverse the adverse effects of smoking
on the skeletal system [22]. The effect appears to be
dose-dependent [23]. Few studies have looked at the
effects of both ETS and AS on young adults [19, 24].
It is especially important and necessary to study the
effects of smoking on bone health before developing
osteoporosis among the young because it is a modifi-
able factor.A secular trend confirming positive changes
in the standard of living was observed in the population
of Polish women. The improvement of living conditions
allows for the full use of the genetically determined
growth potential [25].

This study examined the relationship between
forearm BMD, BMC, and health behaviour such as
physical activity (PA), smoking (AS), ETS and BMI in
young Polish women.

Material and methods
Study design and procedure

This study involved 657 healthy young Polish
women (Caucasians of European origin) between
25 and 35 years of age with good socio-economic
status (financial income per person in the family in
the self-assessment good, high, satisfactory; higher
education, employment on a permanent contract of em-
ployment — professional status in the self-assessment
of female respondents stable; type of residence — the
metropolitan areas, the capital of Poland, Warsaw). The

study sample was selected by a non-random sampling
method (snowball sampling) of recruiting participants
by other participants. The exclusion criteria included:
bone disease, pregnancy, hormone therapy, hormonal
and menstrual disorders (amenorrhea, oligomenorrhea,
premenstrual syndrome, premenstrual dysphoric disor-
der), kidney disease, thyroid and parathyroid diseases,
cancers, rheumatoid arthritis, and long-term steroid
treatment, use of restrictive diets that eliminate or limit
protein intake.

All participants provided informed consent accord-
ing to the Declaration of Helsinki. Participants were
not compensated for their participation but received
the results of their tests with the specialist’s interpre-
tation. The study was carried out in 2020-2022 in the
Department of Human Biology, Anthropology Section,
the Jozef Pitsudski University of Physical Education in
Warsaw, Poland, in the laboratory of densitometry and
anthropometric tests. The team with the necessary
qualifications and experience in research performed
the measurements on the entire study group.

Assessment of somatic and bone parameters

The anthropometric measurement protocol was
used as described by Hall et al. [26]. Body mass was
measured using a JAWON MEDICAL X-SCAN PLUS I
analyzer (Certificate No. EC0197 for medical devices),
with subjects standing barefoot and wearing light cloth-
ing. Body height was measured to the nearest 0.1 cm
using a Martin anthropometer (GMP, Renens, Switzer-
land). Body mass index (BMI) was calculated using the
standard formula and classified according to the World
Health Organization (WHO) cut-off points [27]. For the
assessment of BMD (in g/cm?) and BMC (in grams),
the densitometry method of the forearm bone was used
at two measurement points, proximal (prox) and distal
(dis), using the NORLAND company apparatus (Swiss-
ray, Edison, NJ, USA; Norland Medical Systems, Fort
Atkinson, WI, USA). A bone examination was performed
once. The effective dose (uSv) for this densitometer is
0.05. A T-score was used in the analysis (ratio of BMD of
the person to mean BMD in a young healthy reference
group expressed in standard deviations). The Norland
DXA has a global distal site, a global proximal site, and
a proximal radius site [28]. The scanner was calibrated
daily against the standard calibration block supplied
by the manufacturer to control for possible baseline
drift. Absorptiometry measurements of BMC are very
accurate (error of 1% to 3%). All the data were collected
according to the recommendations of the International
Society for Clinical Densitometry [29]. The authors used
the WHO Classification of BMD based on the normative
data of young adults aged 20-29 years, with modifica-
tions using information from the Third National Health
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and Nutrition Examination Survey (NHANES): T-score
normal for —1.0 or greater, low bone mineral density
(osteopenia) between —1.0 and -2.5, and osteoporosis
for —2.5 and below [30].

Assessment of physical activity and smoking

The International Physical Activity Questionnaire
(IPAQ) short version was used to assess the present
level of physical activity in a direct interview recom-
mended in such international studies as the European
Health Interview Survey (EUROHIS) and the European
Physical Activity Surveyance System (EUPASS). Week-
ly physical activity was calculated by adding up the
Metabolic Equivalent of Task (MET) values obtained
during vigorous activity, moderate activity and walking
performed during the entire week [31].

In the interview was used the Global Adult Tobacco
Survey questionnaire (GATS), section B on active smok-
ing (AS). A direct interview was conducted by a trained
interviewer with extensive experience in collecting data
using this method and the GATS questionnaire. Data
were collected on the number of years of smoking and
the number of cigarettes smoked per day. Childhood
exposure to ETS was assessed. Exposure to ETS was
measured by self-reported indicators of exposure using
questionnaires and interviews. Data were collected on
the number of years of childhood exposure to environ-
mental tobacco smoke. The method of conducting the
survey followed the guidelines of WHO experts [16]
and the GATS methodology used in Poland, including
a standard protocol for the interview questionnaires,
sample weights, data management, analysis, reporting,
and release of information. In Poland, the Ministry of
Health revised and approved the questionnaires and
also appointed two committees, the GATS Poland
Scientific Committee, and the GATS Poland Steering
Committee, which handle the scientific and technical
coordination of the nationally-representative GATS
survey [32].

Ethical approval

The study was conducted according to the guide-
lines of the Declaration of Helsinki, and approved by the
independent Bioethics Committee of the Jézef Pitsudski
University of Physical Education in Warsaw (protocol
number 01-10/2011). Informed consent was obtained
from all subjects.

Statistical analysis

The research results were analysed with the use of
Statistica software (v.11, Stat. Soft. USA). Means and
standard deviations were calculated for each somatic,
bone and smoking parameter. In order to determine the

significance of differences between the values of partic-
ular variables for smoking and non-smoking women, the
Student’s t-test for independent variables was applied.
The effect size was calculated using Cohen’s d = 2t/
/(df ™ 1/2), (small effect: < 0.5; medium effect: 0.5-0.8;
large effect: > 0.8). Chi-square was used to test the
significance of the incidence of Low BMD/Osteopenia
and Osteoporosis. In turn, the one-way ANOVA and
two-way analysis of variance (ANOVA) were used to
evaluate the significance of differences in T-score (prox
and dis) in the context of smoking. In order to determine
the relationships between bone parameters (BMD, BMC
and T-score) in the distal and proximal segments and
particular predictor variables, the multiple forward step-
wise regression model was applied. The following levels
of significance were used in the analyses: *p < 0.05;
**p < 0.01; ***p < 0.001 (p — p-value).

Results

The basic characteristics of biometric, somatic,
and bone parameters

The basic characteristics of the two women groups
(smokers and nonsmokers) of biometric, somatic, and
bone parameters and the significance of differences and
effect sizes calculated using Cohen’s d are presented
in Table 1. The groups differed significantly in 12 of
the 14 analysed parameters. The smoker women were
slightly lighter (small effect d = 0.176), had smaller
BMI (small effect d = 0.254), and significantly lower
(< 0.001) all bone parameters in two parts of the fore-
arm (large effect d > 0.8) compared to nonsmokers
women. Smoker women had significantly lower MET
(min/week), (large effect d > 0.8). Smoker women had
indeed longer significantly longer exposure to ETS
about 4 years (large effect d = 0.991). Table 1 also
shows an assessment of the incidence of low BMD
(osteopenia) and osteoporosis. The highest frequency
of reduced BMD in the distal and proximal part of the
forearm occurs in smokers women (Tab. 1).

Relationships between bone parameters and
selected variables in smokers and nonsmokers

Relationships between bone parameters separately
for dis and prox segments and somatic, lifestyle factors
in smokers and nonsmokers women (results of ANCO-
VA analyses, age-continuous variable) are presented
in Table 2 (ANCOVA). Of all the variables analysed,
the strongest relationships with bone parameters were
consistently found for MET both in the smoking and
non-smoking group. Covariance analysis indicated that,
in smoking women, the main parameters significantly
affecting BMD in the dis. part of the forearm were three
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Table 1. Comparison of the biometric, somatic, and bones parameters in smokers and nonsmokers women

Variables Smokers Nonsmokers t Cohen’s d
(n = 275) (n = 382)
M SD M SD
Somatic parameters
Age (year) 28.7 29 28.5 3.2 5,77 0.066
Body Height (cm) 166.1 45 166.2 3.9 0.23 0.023
Body Weight (kg) 62.5 9.1 64.0 79 2.24* 0.176
BMI [kg/m?] 22.6 2.1 23.2 26 2.50** 0.254
Bone parameters
BMD dis [g/cm?] 0.352 0.073 0.419 0.082 10.79%** 0.863
BMD prox [g/cm?] 0.715 0.089 0.822 0.107 13.49%** 1.087
BMC dis () 1.442 0.342 1.775 0.410 10.99*** 0.882
BMC prox (g) 1.839 0.376 2.238 0.478 11.52%** 0.928
T-score dis -0.500 0.870 0.350 0.942 11.78%** 0.937
T-score prox -1.638 0.760 -0.796 0.810 13.49%** 1.072
% young ref. dis 79.7 10.4 94.8 48.2 2.08*** 0.433
% young ref. prox 94.1 49.5 106.4 53.8 5.11x** 0.238
Lifestyle factors
MET (min/week) 875.5 149.7 1297.9 191.4 30.51*** 2.459
Age when starting AS 18.1 3.3 - - - -
AS (Xyears) 6.4 3.4 - - - -
AS (cigarette/day) 8.8 3.8 - - - -
ETS (Zyears) 44 4.2 0.9 2.7 —-13.05%** 0.991
n (%) Chi-square test, p-value

T-score dis

Normal 184 (66.9) 349 (91.4) ***n < 0.001

Low BMD/Osteopenia 90 (32.7) 33 (8.6)

Osteoporosis 1(0.4) 0(0)
T-score prox

Normal 52 (18.9) 227 (59.4) ***n < 0.001

Low BMD/Osteopenia 194 (70.5) 150 (39.3)

Osteoporosis 29 (10.6) 5(1.3)
ETS

Yes 170 (61.8) 47 (12.3) ***n < 0.001

No 105 (38.2) 335 (87.7)

AS — active smoking in adults; BMC — bone mineral content; BMD — bone mineral density; d — effect sizes calculated using Cohen’s formula;
dis — in the distal part of the forearm; ETS — environmental tobacco smoke; prox — in the proximal part of forearm; t — Student’s t-test

*p < 0.05; **p < 0.01; ***p < 0.001

variables MET (min/week), age when starting AS and
ETS (Xyears) (adj. R2 = 0.14). In turn, BMD in the
prox. part the main parameters significantly affecting
were two variables MET (min/week) and ETS (Xyears)
(adj. R2 = 0.16). Similar analyses in smokers indicat-
ed that the parameters significantly affecting BMC in
the dis. part of the forearm were four variables MET
(min/week), age when starting AS, AS (Xyears) and ETS
(Xyears) (adj. R2 = 0.21). In turn, BMC in the prox. part
the main parameters significantly affecting were three

variables MET (min/week), age when starting AS and
ETS (Xyears) (adj. R2 = 0.20).

In the nonsmoking women covariance analysis
indicated that the main parameter significantly af-
fecting BMD in the dis. part of the forearm was only
MET (min/week), (adj. R2 = 0.11). In turn, BMD in the
prox. part the main parameters significantly affecting
were two variables MET (min/week) and ETS (Zyears)
(adj. R2 = 0.15). In nonsmokers, it was indicated
that the parameters significantly affecting BMC in the
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Table 2. Relationships between bone parameters and somatic, lifestyle factors in smokers and nonsmokers women

(results of ANCOVA analyses, age-continuous variable)

BMD BMD BMC BMC
dis. [g/cm?] prox. [g/cm?] dis. (g) prox. (g)
F(p) F(p) F(p) F(p)
Smokers
Age (year) 0.554 (0.457) 2.697 (0.102) 2.401 (0.122) 0.666 (0.415)
Body Height (cm) 1.638 (0.202) 1.918 (0.167) 0.763 (0.383) 1.139 (0.287)
Body Weight (kg) 1.324 (0.251) 1.358 (0.245) 0.292 (0.589) 0.445 (0.505)
MET (min/week) 6.565 (0.011)** 8.200 (0.005)** 9.320 (0.002)** 15.74 (0.000)***
Age when starting AS 5.652 (0.018)* 0.452 (0.502) 10.30 (0.001)*** 6.735 (0.010)**
AS (Zyears) 2.770 (0.097) 1,952 (0.164) 5.300 (0.022)* 0.190 (0.664)
AS (cigarette/day) 0.639 (0.425) 3.491 (0.063) 0.697 (0.404) 3.248 (0.073)
ETS (Zyears) 8.689 (0.003)** 11.05 (0.001)* 12.84 (0.000)*** 7.377 (0.007)**
F (p) 6.05 (0.000) 6.65 (0.000) 9.001 (0.000) 8.88 (0.000)
R~ 2 adj. 0.14 0.16 0.21 0.20
Nonsmokers

Age (year) 3.666 (0.056) 1.230 (0.268) 6.478 (0.011)** 2.552 (0.111)
Body Height (cm) 0.119 (0.730) 0.162 (0.668) 0.554 (0.457) 0.300 (0.584)
Body Weight (kg) 0.406 (0.525) 0.029 (0.864) 0.227 (0.634) 0.119 (0.731)
MET (min/week) 12.08 (0.001)*** 14.63 (0.000)*** 7.293 (0.007)** 4.484 (0.035)*
ETS (Xyears) 2.214 (0.138) 6.504 (0.011)** 0.096 (0.757) 0.353 (0.553)
F (p) 8.15 (0.000) 11.86 (0.000) 6.72 (0.000) 5.66 (0.000)
R” 2 adj. 0.11 0.15 0.10 0.12

AS — active smoking in adults; BMC — bone mineral content; BMD — bone mineral density; ETS — environmental tobacco smoke; F — Ronald
A. Fisher’s test; p — p-value; R 2 adj. — the adjusted R-squared values of determination. Level of statistical significance: *p < 0.05, **p < 0.01

and ***p < 0.001

dis. part of the forearm were two variables age and MET
(min/week), (adj. R2 = 0.10). In turn, BMC in the prox.
part the main parameter significantly affecting was only
MET (min/week), (adj. R2 = 0.12) (Tab. 2).
Relationships between BMD, BMC and T-score in
the distal and proximal part of the forearm and BMI, MET
and smoking parameters were evaluated using the mul-
tiple forward stepwise regression (Tab. 3). The present-
ed model explained 23-41% (adjusted R2 = 0.23-0.41;
p < 0.001) of the variance in bone parameters. The pre-
dictor of interactions of three variables: physical activity
(MET) and BMI (positive direction), as well as years of
ETS (negative direction), was significant for BMD dis
and BMC dis (adjusted R2 0.23-0.41; p < 0.001). It
was also found that the predictor of interactions of four
variables: physical activity (MET) and BMI (positive di-
rection), as well as active smoking numbers of cigarettes
per day and years of ETS (negative direction), was sig-
nificant for BMD prox (adjusted R2 = 0.33; p < 0.001).
Furthermore, the predictor of interactions MET and
BMI (additive direction), as well as age when starting
active smoking and years of ETS (negative direction),

was significant for BMC prox (adjusted R2 = 0.25;
p < 0.001). Significant predictors for T-score in both
measurement points were also noted. Physical activity
in MET (positive value of the standardized  coefficient)
and years of active smoking and ETS (negative direc-
tion) was significant predictor for T-score dis (adjusted
R2 = 0.29; p < 0.001). The predictor of interactions
of five variables: physical activity (MET), BMI and age
when starting active smoking (positive direction), as well
as active smoking numbers of cigarettes per day and
years of ETS (negative direction), was significant for
T-score prox (adjusted R2 = 0.41; p < 0.001), (Tab. 3).

Figures 1 and 2 present a graphical representation
of the results of the analysis of variance. Regardless of
the active smoking category, women without childhood
ETS exposure had the most advantageous values of
T-score dis (Fig. 1).

In the proximal part of the forearm, only non-active
smoking and non-childhood ETS exposure seems to
guarantee a high T-score prox (Fig. 2).

Figure 3 presents a graphical representation of the
relationships of years of the active smoking category
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Table 3. Relationships between bone mineral density (BMD), bone mineral content (BMC) and T-score in the distal
and proximal part of the forearm and BMI, MET and smoking parameters (multiple forward stepwise regression)

Bone parameters Predictor Standardized 8 Adjusted R? F (p)
BMI 0.194
BMD dis MET 0.203 0.24 (<33:gg1)
AS Yyears -0.070
AS cigarette/day -0.015
Age when starting AS -0.091
ETS Xyears -0.145
BMD prox BMI 0.226 0.33 54.43 (< 0.001)
MET 0.253
AS Yyears -0.034
AS cigarette/day -0.143
Age when starting AS -0.024
ETS Yyears -0.159
BMI 0.205 0.23 34.87 (< 0.001)
BMC dis MET 0.153
AS Yyears -0.101
AS cigarette/day -0.003
Age when starting AS -0.129
ETS Xyears -0.129
BMI 0.223 0.25 36.86 (< 0.001)
BMC prox MET 0.169
AS Yyears -0.013
AS cigarette/day -0.073
Age when starting AS -0.152
ETS Xyears -0.101
BMI 0.065 0.29 45.23
T-score dis MET 0.383 (< 0.001)
AS Yyears -0.144
AS cigarette/day -0.070
Age when starting AS 0.096
ETS Yyears -0.113
T-score prox BMI 0.096 0.41 76.10 (< 0.001)
MET 0.421
AS Yyears -0.061
AS cigarette/day -0.385
Age when starting AS 0.395
ETS Xyears -0.233

AS — active smoking; BMC — bone mineral content; BMD — bone mineral density; BMI — body mass index; dis — in the distal part of forearm;
prox — in the proximal part of forearm; ETS — environmental tobacco smoke; MET — metabolic equivalent of task; p — p-value
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Figure 1. Relationships of childhood ETS years category and active smoking category with T-score dis (two-way ANOVA
results, F(3, 649) = 0.357; p = 0.784), vertical lines —-0.95 Cl — confidence intervals
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T-score PROX

Non smokers

Smokers

-3,0

0 <5 5-10 >10
Childhood ETS

Figure 2. Relationships of childhood ETS years category and active smoking category with T-score prox (two-way
ANOVA results, F(3, 649) =12.451; p = 0.000), vertical lines —0.95 Cl — confidence intervals
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T-score DIS

<5 5-10 >10

Years of active smoking

Figure 3 a. Relationships of Years of the active smoking category with T-score dis (one-way ANOVA results, F(2,
272) = 10,849; p < 0.001), vertical lines —0.95 Cl — confidence intervals
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Figure 3 b. Relationships of Years of the active smoking category with T-score prox (one-way ANOVA results, F(2,
272) = 19.986; p < 0.001), vertical lines -0.95 CI - confidence intervals
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with T-score in the distal (a) and proximal part (b) of
the forearm. Women with less than 5 years of active
smoking had the most advantageous values of T-score
dis and prox. Significantly statistically the lowest T-score
values were in women who had been active smokers
for more than 10 years (Figs. 3a, b).

Discussion

The present cross-sectional observational study
assessed the impact of both modifiable lifestyle risk
behaviours such as childhood ETS exposure and
active smoking (AS) on BMD in the forearm in young
women. Smoking women had significantly smaller bone
parameters in two parts of the forearm compared to
non-smoking women. Significantly longer exposure to
ETS (by 4 years) was found in smoking women. The
highest prevalence of reduced BMD occurred in smok-
ing women. In the proximal part of the forearm, low BMD
(osteopenia) and osteoporosis risk were found in more
than 80% of individuals from the group of smokers.

Some of the first studies documented inverse rela-
tionships between smoking and low bone mass, low
bone mineral density, and fracture risk [10, 33, 34].
Contrary to these results, several studies have found no
evidence of a relationship between smoking and BMC
and BMD [10, 35]. Difficulties in comparing the results
of studies by different authors may be due to different
ways to measure exposure to smoking, in different
populations. Studies have mainly focused on evaluating
the effect of active smoking on BMC, BMD, and fracture
risk [13, 23]. Studies of the effects of smoking on bone
parameters in women are often divided into studies of
premenopausal [14, 35] and postmenopausal women
[18, 20, 36]. Studies of postmenopausal women are the
most numerous and evaluate the risk of bone fractures
in various skeletal locations in smokers [33, 36]. A re-
view of studies on the effects of smoking on the bones of
young women showed conflicting results. Most previous
studies of premenopausal and early postmenopausal
women have found no association between smoking
and low BMC and BMD (osteopenia) [37]. A meta-anal-
ysis including 29 cross-sectional studies and 19 cohort
or case-control studies confirmed that smoking has
no major effect on premenopausal bone density [34].
Data from a large Danish national cohort study showed
significant negative associations of current cigarette
smoking ex-, or never smoking with bone mass in the
lumbar spine, femoral neck, and total body (p < 0.001).
However, differences between current smokers and
never smokers were limited to 3%, which is significantly
less than in the present study of young Polish women.
In a study by Hermann et al. [38], the authors found no
effect of smoking on forearm BMD.

In the current study of young Polish women, there
was a significant effect of smoking on the prevalence
of low BMD in the forearm, especially in the proximal
segment. In smoking women, low BMD was found in
the distal segment in 30%. There was a significant differ-
ence in the prevalence of osteopenia and osteoporosis
risk in both forearm segments between smoking and
non-smoking women (24.5% in the distal segment and
40.5% in the proximal segment). Similarly, in a study
of women aged 35 years and older, BMD in smokers
was 8% lower than in non-smokers [39]. A study of
healthy young women found that at 2 years of fol-
low-up, smokers aged 20-39 years had lower spinal
BMD than non-smokers [37]. Compared to previous
studies of a similar age group and the same ethnic
group of women [28] the prevalence of low BMD in this
study was high. In the present study, the interactions
of three variables such as physical activity (MET), BMI
(positive direction), and years of exposure to ETS (neg-
ative direction) were significant for BMD dis and BMC
dis. The predictor of interactions of physical activity
(MET), BMI (positive direction), and active smoking in
numbers of cigarettes per day and years of exposure to
ETS (negative direction) was significant for BMD prox.
Interactions of MET, BMI (additive direction), age of
starting active smoking, and years of exposure to ETS
(negative direction) were found to be significant for BMC
prox. Physical activity in MET (positive direction) and
years of active smoking and exposure to ETS (negative
direction) was significant predictor for T-score dis. The
predictor of interactions of five variables: physical activ-
ity (MET), BMI, age of starting active smoking (positive
direction), active smoking in numbers of cigarettes per
day, and years of exposure to ETS (negative direction)
was significant for T-score prox. As argued by Wong
[23], smoking is a major lifestyle risk factor for osteopo-
rosis. However, this effect appears dose-dependent and
maybe, at least partially, reversible [23]. The research
shows that the negative impact of smoking is already
visible in young women who are still in the phase of
building peak bone mass.

The present study of young Polish women found
significantly lowest T-score dis and prox of the forearm,
depending on the number of years of active smoking
and years of ETS exposure. A significantly worse bone
status occurred in women who actively smoked for
more than 10 years. The worst results of bone param-
eters were found in women with ETS exposure of over
10 years. The dose of active smoking (AS in years)
also led to low bone status. A prospective cohort study
involving 121,701 female subjects aged 30-55 years
found a dose-dependent increase in hip fracture rates
in current smokers compared to never-smokers [40].
Cornuz et al. [40] concluded that smokers are at
increased risk of hip fracture while the risk rises with
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greater cigarette consumption. The risk declines among
former smokers, but the benefits are not observed
until 10 years after cessation. These studies indicated
a potential protective effect of physical activity and
BMI on bone parameters. Adequate body weight and
MET showed significant positive effects on almost all
bone parameters.

The effect of PS, including that of exposure to ETS,
on bone status in young women has been the subject
of some studies [41-43]. The effect of passive smok-
ing on alveolar bone density and bone resorption was
examined in 60 females aged 30 to 45 years. In this
study, exposure to passive smoking was destructive
and led to decreased bone density and height of the
supporting structure of teeth [42]. Passive smoke expo-
sure was linked to the risk of osteoporosis in adults in
a study cohort including 1,422 individuals aged from 3 to
18 years. Parental smoking in childhood was associated
with a lower bone sum index in adulthood [43]. One
retrospective study of premenopausal women found
that exposure to household tobacco smoke during ado-
lescence and young adulthood is negatively associated
with BMD at the total hip and femoral neck, whereas
the duration of exposure was negatively associated with
BMD in premenopausal women [41]. Far fewer studies
describe the effect of ETS on forearm BMD. The condi-
tion of the bone tissue of the forearm has a significant
impact on the quality of manual activities important in
daily life and the level of functional efficiency.

In this study, the factor of good socio-economic
status did not protect the studied women from the high
frequency of low BMD. In studies by other authors, it
is most often stated that low education and income
levels were more highly associated with osteoporosis
prevalence in women than in men [44]. Evaluation of the
relationship between socio-economic status and bone
mineral density (BMD) in 4446 men aged > 20 years
from the NHANES showed that individuals with the high-
est degree (college degree or above) had significantly
greater lumbar BMD than that of the lowest degree
[45]. Other studies have highlighted that childhood
socio-economic advantage and adult education level
were associated with higher adult lumbar spine BMD
and financial advantage was not associated with BMD.
The authors showed that childhood socio-economic
factors may influence the acquisition of lumbar BMD
[46]. Studies evaluating the impact of socio-economic
factors on BMD of the forearm, a skeletal location
important for functional performance, are still lacking.

In young women, early detection of the risk of low
BMD allows for taking effective prophylactic measures
and reducing the risk of osteopenia. The major strength
of the study is a multifactorial analysis of smoking deter-
minants (active and ETS) of key forearm bone param-

eters that offers the opportunity to assess the strength
and direction of the effect of several important and di-
verse determinants rather than a single determinant on
BMD and BMC. Another strength of the present study is
that a reliable and accurate research methodology was
used. The research was conducted by a highly-qualified
team with many years of research experience in the
field. All data were collected using well-selected and
internationally recommended research tools.

The study has some limitations. One of the study
limitations is the relatively small yet sufficient size of
the study group. It cannot provide a full representation
of the population of Polish young women at this age,
although it is satisfactory for drawing conclusions
concerning the effect of smoking on bone parame-
ters. Screening in all regions of the skeleton would be
of great value. This project did not determine biochem-
ical blood indicators and did not assess nutrition and
calcium, protein, and vitamin D intake in diets. This
would provide detailed information on the determinants
of BMD. Despite these limitations, this study may be
an important contribution to the implications results
of scientific study for Practice and/or Policy. These
findings can potentially contribute to the development
of more effective public health strategies for health pro-
motion and osteoporosis prevention in this population.
Education about the negative effects of environmental
tobacco smoke on bone health and an indication of the
ETS-associated increased risk of low BMD in adulthood
can help in the effective prevention of osteopenia and
osteoporosis in women.

In conclusion, cigarette smoking and exposure to
environmental tobacco smoke are modifiable determi-
nants of low bone mineral density in young Caucasian
women of European origin. Despite the women’s good
socio-economic status, a high, alarming incidence of
low BMD was reported. The results expand the knowl-
edge of the multifactorial determinants of forearm bone
mineral density. Active smoking and exposure to ETS
should be considered in screening the bone status of
the young population.
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