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Summary. There are few studies of the effect of smoking on 
bone density in young women. The reported antiestrogenic 
effect of smoking could be a mechanism for a possible effect 
of smoking on bone. We measured bone mineral density 
(BMD) by dual-energy X-ray absorptiometry (whole body, 
proximal femur, lumbar spine), and serum levels (mid- 
follicular phase) of testosterone (T), estradiol (E2), sex hor- 
mone-binding globulin (SHBG), and cortisol in 52 women (25 
smokers, 27 nonsmokers) aged 20-35 years. The two groups 
did not differ significantly in age, height, weight, or the sum 
of eight skinfold thicknesses. The mean number of cigarettes 
smoked per day and the number of years of smoking were 
16.9 and 12.9, respectively. There were no significant differ- 
ences in BMD between smokers and nonsmokers at any site. 
For both smokers and nonsmokers, SHBG and the free 
androgen index (T/SHBG) made significant contributions (P 
< 0.005) to the variance in BMD at all sites except the lum- 
bar spine. The free estradiol index (Ez/SHBG) contributed to 
whole body BMD (P < 0.05). For all subjects, there were 
significant inverse relationships between SHBG and BMD 
(P < 0.002), and positive relationships between T/SHBG and 
BMD (P < 0.02) for all sites except the lumbar spine. These 
data suggest that moderate smoking in young women is not 
associated with low BMD at any site. However, smokers 
had lower free estradiol and higher SHBG, both of which 
have been related to increased bone loss in older women. 

Key words: Female-Smoking-Estradiol-Testosterone--Sex 
hormone-binding globulin-Cortisot-Bone density. 

Cigarette smoking is often cited as a risk factor for osteopo- 
rosis and associated fractures [1]. For example, peri- and 
postmenopausal women who smoke cigarettes have greater 
risk and incidence of hip, vertebral, and forearm fractures 
[2--6] than nonsmokers. Two recent studies have reported 
lower bone mineral density (BMD) in women who smoke [7, 
8]. But many investigations have found no relationship be- 
tween cigarette smoking and osteoporosis or fracture risk in 
women [%13]. Thus, the influence of smoking is at best, 
unclear. It is possible that associations of cigarette smoking 
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with fracture risk and incidence are spurious; the low body 
weight by which smokers are characterized [14] may be a 
factor more relevant than smoking itself. Jensen [9] has dem- 
onstrated identical variation in bone mineral content in 
smokers and nonsmokers, influenced only by degree of over- 
weight, and Slemenda et al. [15] have reported that the rate 
of bone loss at menopause is not influenced by smoking. An 
independent effect of smoking on bone has not been estab- 
lished. 

Virtually all investigations of the influence of smoking on 
bone mineral content or density, or incidence of fracture, 
have been conducted in postmenopausal women. Little is 
known about the effect of smoking on bone in younger 
women. Daniell [2], observing significantly lower percent 
cortical area in postmenopausal smokers relative to non- 
smokers, nonetheless did not observe a similar relationship 
in younger, premenopausal women. In a sample of premeno- 
pausal women, Stevenson et al. [16] found no relationship 
between cigarette smoking and femoral BMD, but did ob- 
serve significantly lower BMD at the lumbar spine in smok- 
ers. McCuUoch et al. [17] initially reported no significant 
difference in trabecular BMD at the os calcis in young 
women aged 20-35 years who either smoked daily or did not. 
These researchers subsequently restructured the same sam- 
ple of young women into nonsmoking, moderate, and heavy 
smoking categories. They found that the heavy smokers had 
significantly lower BMD at the os calcis than the moderate 
smokers and nonsmokers [18]. 

A hypoestrogenic state is a well-accepted risk factor for 
osteoporosis [19]. Serum concentrations of estrogens are in- 
versely related to rate of bone loss in peri- and postmeno- 
pausal women [20]. Estrogen replacement therapy (ERT) 
preserves bone mass in postmenopausal women [21] and has 
recently been demonstrated to increase BMD in women with 
established postmenopausal osteoporosis [22]. Though re- 
sponse in bone mineral content in postmenopausal smokers 
and nonsmokers undergoing ERT is similar, postmenopausal 
smokers have lower estrogen levels than nonsmokers [23], 
supporting other circumstantial evidence suggesting estro- 
gen deficiency in women who smoke cigarettes. Smoking is 
associated with early natural menopause and menopausal 
symptoms [24], greater risk of oligomenorrhea, and greater 
prevalence of hirsufism [25]. Both pre- and postmenopausal 
smokers have a lower incidence of endometrial [26] and 
breast [27] cancers, which are known to be estrogen- 
dependent. In premenopausal women, smoking is associated 
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with infertility [28]; there is a direct  relat ionship be tween  the 
number  of  cigaret tes  smoked per  day and t ime required to 
b e c o m e  pregnan t  [29]. M o r e o v e r ,  p regnant  w o m e n  who 
smoke have  lower  serum es t rogen levels  than nonsmokers  
[30]. But whe ther  an ant iestrogenic effect  of  smoking is due 
to decreased  es t rogen product ion,  as is suggested by direct 
inhibition by cigaret te  smoke  and nicotinic alkaloids of  hu- 
man granulosa cell  a romatase  act ivi ty  and the consequent  
convers ion  of  androgens to es t rogens  [31], or  increased deg- 
radation of  es t rogens  via enhanced  2-hydroxylat ion of  es- 
t rone [32], remains open to quest ion.  

An ant iestrogenic effect  of  smoking could mediate  effects 
on B M D  in young women ,  a possibil i ty not  yet  invest igated.  
To test  the hypothesis  that relat ionships be tween  endocr ine  
factors and B M D  differ be tween  premenopausa l  smokers  
and nonsmokers  and, fur thermore ,  to clarify the nature of  
the  r e l a t i onsh ip  b e t w e e n  smok ing  and B M D  in y o u n g  
women,  we under took  a cross-sect ional  study of  levels  of  
e n d o g e n o u s  s t e r o i d s ,  s e x  h o r m o n e - b i n d i n g  g l o b u l i n  
(SHBG) ,  and B M D  in re la t ion  to c igare t t e  smoking  in 
w o m e n  aged 20-35 years.  

Methods 

Subject Selection 

Subjects were recruited by means of a poster campaign and public 
service announcements on local television and radio stations; others 
were recommended by those already participating in the study. 
Posters and announcements enabled self-selection by specification 
of eligible gender (female), age range (20-35 years), and smoking 
status (smoker/nonsmoker). 

Of 187 respondents, 130 completed a screening questionnaire 
after which 52 were excluded due to (1) history of use of oral con- 
traceptives or any other hormonal medication (estrogen, progestin, 
glucocorticoid, or thyroid) within 4 months prior to participation in 
the study; (2) prescription or nonprescription drug use within 1 
month of participation in the study; (3) menstrual cycles less than 21 
or greater than 36 days; (4) competitive athletics or 8 hours or more 
of planned physical activity per week; (5) fluctuations in weight of 5 
kg or more within the 6 months preceding the study; (6) history of 
any endocrine abnormality; (7) pregnancy; and (8) poor general 
health. The major reason for exclusion was oral contraceptive use; 
no measurements were made on those excluded. All women pro- 
vided their informed, written consent. The research protocol was 
approved by the Human Ethics Committee of the Faculty of Med- 
icine at the University of Manitoba. 

The sample was then grouped according to self-reported smoking 
status. Of those remaining, 44 were nonsmokers and 34 were regular 
cigarette smokers. In view of the lack of effect of smoking fewer 
than eight cigarettes per day on body weight [33], respondents re- 
porting seven cigarettes per day or less (n = 9) for the 5-year period 
preceding the study were excluded. Nonsmokers were defined as 
those who had never smoked ("never"  smokers) and former smok- 
ers who had (1) not smoked at all for at least the 5-year period 
preceding participation in the study and (2) not smoked for a period 
of time equal to or greater than the duration of the period for which 
they smoked. Former smokers who did not meet these criteria (n = 
17) were dropped from the sample, leaving the nonsmoking group 
composed of 16 never smokers and 11 former smokers. Therefore, 
final sample size was 52 (25 smokers, 27 nonsmokers). 

Physical Activity 

The nature of any noncompetitive planned physical activity of less 
than 8 hours per week was assessed by questionnaire; respondents 
reporting competitive athletics or 8 hours or more of planned activ- 
ity per week were excluded from the study. Subjects were asked to 
define the types of activities they were involved in and to estimate 
the frequency and amount of time spent pursuing various activities 
over the course of an average week. On the basis of responses to 
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these questions, numerical weights were assigned according to de- 
gree of activity; all subjects were then grouped into one of three 
blocks (none, low, or moderate), each corresponding to a numeri- 
cally defined range of activity. 

Anthropometry 

Weight, height, and eight skinfold thicknesses were measured. A 
Harpenden caliper (British Indicators Ltd.) was used to obtain skin- 
fold thickness measurements on the right side at the biceps, triceps, 
subscapular, iliac crest, supraspinale, abdominal, front thigh, and 
medial calf sites according to established protocol [34]. Subjects 
wore swimwear, no shoes, and were in a postabsorptive state. All 
measures were performed in triplicate and the median value was 
used. 

Blood Samples and Analytical Methodology for Hormones 

Ten milliliters of blood were drawn into a glass serum separator tube 
by venipuncture of the antecubital vein between 0800 and 1200 
hours following an overnight fast of at least 10 hours and abstinence 
from alcohol for at least 5 days. Blood was drawn in the midfollic- 
ular phase (on the 7th or 8th day of the menstrual cycle). Serum was 
obtained by centrifugation at 3300 rpm for 15 minutes (room tem- 
perature); aliquots of serum were stored at -20~ until analyzed 
(1--4 months). 

All blood analyses were performed on serum specimens. Total 
serum testosterone (T) and cortisol concentrations were determined 
by commercially purchased solid phase 125I-radioimmunoassay kits 
(Coat-a-Count; DPC Diagnostic Products Corp., Los Angeles, CA). 
Total serum SHBG and estradiol (E2) concentrations were deter- 
mined by commercially purchased solid phase fluoroimmunoassay 
kits (DELFIA, Wallac Oy, Turku, Finland SF). There was one as- 
say series each for testosterone and cortisol, and two each for 
SHBG and estradiol; an equal number of samples from each of the 
smoking and nonsmoking groups was included for each of the latter 
two assay series. All assays were performed in duplicate, and indi- 
vidual assays were monitored by quality control samples provided 
with each kit. Intraassay coefficients of variation for testosterone 
and cortisol were less than 4%. Intraassay coefficients of variation 
were less than 6% for SHBG and less than 3% for estradiol. Interas- 
say coefficients of variation for SHBG and estradiol were 
both -8%. 

Measurement of BMD 

BMD (g/cm 2) was measured at the lumbar spine (L2-L4) and the 
right proximal femur (neck, trochanter, and Ward's triangle) using 
dual energy X-ray absorptiometry (Model DPX, Lunar Corp., Mad- 
ison, WI). Accuracy and precision of this model have been previ- 
ously reported [35, 36]. Whole body BMD was also determined. The 
same technologist performed all analyses. 

Statistical Analysis 

For each subject, the sum of all eight skinfolds (SSF) was deter- 
mined. Body mass index (BMI) was calculated as weight (kg) di- 
vided by the square of height (m). The following endocrine indica- 
tors were derived: T/SHBG (free androgen index), Ez/SHBG (free 
estradiol index), and the ratio T/Ez. 

To improve kurtosis and positive skewness, all hormonal vari- 
ables were transformed to logarithmic (base 10) values for analysis 
(T, E2, T/E 2 ratio, SHBG, T/SHBG, E2/SHBG, and cortisol). Para- 
metric techniques were used for statistical analysis of the trans- 
formed values. Means and confidence intervals (95%) of back- 
transformed values are reported; the confidence limits were deter- 
mined from standard errors of the transformed values, and are 
therefore slightly asymmetric. Nonparametric comparisons (not re- 
ported) of the original, untransformed, variables using the Mann- 
Whitney U-test, yielded conclusions identical to those of the para- 
metric tests. BMD measurements were normally distributed and did 
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Table 1. Characteristics of premenopausal smokers and nonsmokers 

Nonsmokers Smokers 
(n = 27) (n = 25) 

Mean +_ SD Mean -+ SD P value a 

Age (yr) 28.7 -+- 5.2 29.5 +-- 3.6 0.373 
Weight (kg) 58.8 - 7.4 59.7 --- 8.9 0.634 
Height (cm) 164.3 -+ 6.3 166.0 -+ 6.3 0.233 
Body mass index (kg/m 2) 21.8 -~ 2.1 21.7 - 3.2 0.903 
Sum of skinfolds (ram) 107.8 • 41.8 114.9 --- 46.7 0.569 
Age at menarche (yr) 13.1 -!-- 1.2 13.4 +- 1.4 0.487 

a Two-tailed independent t test 

not require transformation; means and standard errors are reported. 
SuperANOVA (�9 Abacus Concepts Inc.) and StatView 
SE + Graphics (�9 1987 Abacus Concepts Inc.) software was used for 
statistical analysis of the data on a Macintosh | SE/30 microcom- 
puter (Apple Computer, Inc.). Statistical significance was set at the 
0.05 level of probability. 

Descriptive characteristics were tested for differences between 
groups by Student's t test. Between-groups differences in BMD and 
endocrine variables (considered dependent) for smokers and non- 
smokers were tested first by two-tailed independent t test and then 
by two-way analysis of covariance (ANCOVA). The covariate for 
analyses of BMD was body weight; BMD at the lumbar spine and 
proximal femur is significantly correlated with body weight in men 
[37], and preliminary analysis of the present sample also showed 
significant correlations at the same sites (P < 0.01). For endocrine 
variables, the covariate was SSF; adipose tissue is the dominant site 
for the peripheral aromatization of androgens to estrogens [38], se- 
rum levels of estrogens and aromatization rates of androgens to 
estrogens correlate with adiposity in women [39], and cortisol pro- 
duction rates increase as a function of overweight [40]. As an indi- 
cator of overall adiposity~ we considered SSF a covariate superior to 
the BMI [41]. Body weight and SSF values were transformed to 
logarithmic (base 10) values for use as covariates; the untransformed 
values were skewed to the right. Linearity of dependence relation- 
ships was established by.evaluating plots of residuals. A first-order 
smoking by covariate interaction term was included for analysis of 
variances (ANCOVAs). 

The relationship of smoking with endocrine variables and BMD, 
between the smoking and nonsmoking groups, was tested for inter- 
action by assessing homogeneity of slopes, where hormonal vari- 
ables were considered independent and BMD dependent. A factorial 
ANOVA model was constructed which allowed testing of smoking 
status and a hormonal parameter plus an interaction term containing 
these main effects against BMD at each specified region. Main ef- 
fects were adjusted for body weight, and dependent group means 
were contrasted at the mean value for body weight. 

Results 

The mean age of participants was 29.1 +- 4.5 years (mean age 
- SD) (range 20-35). For  smokers,  the mean number of 
cigarettes smoked per day was 16.9 +- 6.3 (range 8-30); the 
mean smoking duration was 12.9 +- 4.5 years (range 5-21); 
and the mean age of initiation of smoking was 16.9 +-- 2.9 
years (range 13-28). Smokers did not differ significantly 
from nonsmokers for any level of planned physical activity. 
There were no significant differences between groups for 
age, weight, height, BMI, SSF,  or age at menarche (Table 1). 

Endocrine Profiles 

The contribution of smoking to variance in endocrine vari- 
ables is summarized in Table 2. For  unadjusted variables, 
there were no significant differences between groups for se- 
rum testosterone, estradiol, the ratio T/E2, SHBG, T/SHBG, 
or cortisol, but EE/SHBG was significantly lower in smokers 
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(P < 0.02). There was a trend toward lower serum estradiol 
in the smokers (P = 0.077). For  adjusted variables, there 
were no significant differences between groups for serum 
testosterone, estradiol, the ratio T/E2, T/SHBG, E2/SHBG, 
or cortisol.  However ,  adjusted SHBG was significantly 
greater in smokers (P < 0.01). No significant contribution to 
the variance in any endocrine variable was made by SSF (the 
covariate), although significance was approached when tes- 
tosterone was dependent (P = 0.07), but a significant smok- 
ing by SSF interaction was observed with SHBG (P < 0.01) 
(not shown in Table 2). Simple regression analysis, for the 
sample group overall, indicated a significant relationship be- 
tween estradiol (independent) and SHBG (dependent) (P < 
0.002); estradiol explained 17.3% of the variance in SHBG. 

BMD Measurements 

Table 3 summarizes the contribution of smoking to variance 
in BMD by region. For  unadjusted variables, there were no 
significant differences between groups for whole body BMD; 
differences at the lumbar spine (L2-L4) and right proximal 
femur (neck, trochanter, and Ward ' s  triangle regions) were 
not significant. Adjustment for body weight showed a trend 
to higher BMD at the femoral neck in smokers (P -- 0.074), 
but there were no significant differences between groups at 
any region. Significant portions of the variance in BMD were 
explained by body weight for the whole body (P < 0.01) and 
lumbar spine (L2-L4) (P < 0.02). None of the smoking by 
body weight interaction terms were significant (not shown in 
Table 2). 

Relationship of  Smoking and Endocrine Variables to BMD 

Main effects contributions (by factor) to variance in BMD 
were as follows. Smoking, as a single main effect, was not 
found to contribute significantly to variance in BMD, when 
endocrine variables were also considered as factors. How- 
ever, several endocrine variables made significant contribu- 
tions to variance in BMD: (1) SHBG levels contributed sig- 
nificantly to the whole body (P < 0.005), femoral neck (P < 
0.002), trochanter (P < 0.005), and Ward ' s  triangle (P < 
0.005) regions; (2) the ratio T/SHBG contributed signifi- 
cantly to the whole body (P < 0.005), femoral neck (P < 
0.005), trochanter (P < 0.002), and Ward ' s  triangle (P < 
0.005) regions; and (3) the ratio E2/SHBG contributed sig- 
nificantly to the whole body region (P < 0.05). There were 
no significant interactions of smoking with any endocrine 
variable for any bone region. Body weight consistently ex- 
plained significant portions of the variance in BMD for the 
whole body and lumbar spine (L2-L4) regions, but not any 
other. 

As there was no significant influence of smoking on 
BMD, or any significant smoking by endocrine variable in- 
teraction at any region, the results were pooled, and the 
nature of the relationships of SHBG, T/SHBG, and E J  
SHBG with BMD were explored for the entire sample by 
linear regression. Endocrine variables were considered in- 
dependent, and BMD dependent. There were significant (P 
< 0.002) inverse relationships between SHBG and BMD at 
every region of interest except the lumbar spine; the slope of 
the regression line for the lumbar spine was negative, but the 
relationship of BMD with SHBG was insignificant. Correla- 
tion coefficients for relationships between SHBG and BMD 
for the whole body and proximal femur sites ranged from 
- 0 . 4 2  to - 0 . 4 8 .  There  were posi t ive  re la t ionships  of  
T/SHBG with BMD at all regions of interest; except  for the 
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Table 2. Serum levels of steroid hormones and sex hormone-binding globulin in 52 premenopausal women according to smoking status a 

Mean (95%) confidence intervals) 

Nonsmokers Smokers 
(n = 27) (n = 25) P value 

Testosterone (nmol/liter) 
Unadjusted b 1.589 (1.463, 1.724) 1.530 (1.409, 1.661) 0.649 
Adjusted for sum of skinfolds ~ 1.608 (1.487, 1.740) 1.528 (1.413, 1.652) 0.159 

Estradiol (pmol/liter) 
Unadjusted b 307.3 (274.6, 343.9) 250.9 (224.2, 280.7) 0.077 
Adjusted for sum of skinfolds c 310.7 (277.9, 347.3) 252.0 (225.4, 281.6) 0.206 

Testosterone/Estradiol ratio a 
Unadjusted b 5.169 (4.593, 5.817) 6.098 (5.419, 6.863) 0.168 
Adjusted for sum of skinfolds ~ 5.175 (4.590, 5.835) 6.064 (5.378, 6.837) 0.780 

SHBG (nmol/liter) e 
Adjusted b 57.11 (49.06, 66.48) 62.44 (53.65, 72.68) 0.409 
Adjusted for sum of skinfolds ~ 57.85 (52.29, 64.00) 63.38 (57.28, 70.1l) 0.006 

Testosterone/SHBG ratio (• 1000) d 
Unadjusted b 27.81 (24.75, 31.26) 24.50 (21.80, 27.53) 0.283 
Adjusted for sum of skinfolds ~ 27.80 (24.77, 31.18) 24.12 (21.49, 27.05) 0.123 

Estradiol/SHBG ratio (x 1000) d 
Unadjusted b 5.381 (4.802, 6.030) 4.018 (3.585, 4.503) 0.013 
Adjusted for sum of skinfolds ~ 5.371 (4.790, 6.022) 3.976 (3.546, 4.458) 0.196 

Cortisol (nmol/liter) 
Unadjusted b 381.5 (342.7,424.7) 383.3 (342.9, 428.6) 0.951 
Adjusted for sum of skinfolds ~ 379.8 (341.0, 422.9) 385.5 (344.6, 431.3) 0.921 

Statistical analysis of log~ o transformed values; means and confidence limits are back-transformed 
b Two-tailed independent t test 
c Data adjusted for sum of skinfolds by analysis of covariance 
a Ratios are unitless (nmol • liter-1/nmol • l i ter-l)  
e SHBG denotes sex hormone-binding globulin 

to the natural scale 

Table 3. Bone mineral density in 52 premenopausal women accord- 
ing to smoking status 

Nonsmokers Smokers 
(n = 27) (n = 25) 
Mean -+ SE Mean -+ SE P value 

Whole body (g]cm 2) 
Unadjusted a 1.150 -+ 0.014 1.162 --- 0.017 0.599 
Adjusted for weight b 1.151 + 0.014 1.160 --+ 0.014 0.140 

Lumbar spine (g/cm 2) 
Unadjuste& 1.197 -- 0.018 1.225 - 0.025 0.361 
Adjusted for weight b 1.199 - 0.020 1.223 + 0.021 0.700 

Femoral neck (g/cm 2) 
Adjusted a 0.995 -+ 0.022 1.033 -+ 0.021 0.224 
Adjusted for weight b 0.994 -+ 0.021 1.030 - 0.022 0.074 

Trochanter (g/cm 2) 
Unadjusted a 0.839 -+ 0.023 0.866 + 0.028 0.465 
Adjusted for weight b 0.839 -+ 0.025 0.864 + 0.026 0.306 

Ward's triangle (g/cm 2) 
Unadjusted ~ 0.950 - 0.027 0.981 - 0.027 0.416 
Adjusted for weight b 0.949 -+ 0.027 0.979 --- 0.028 0.173 

a Two-tailed independent t test 
u Data adjusted for weight by analysis of covariance 

lumbar spine, all relat ionships were  significant (P < 0.02), 
and correlat ion coeff icients  ranged f rom 0.33 to 0.46. The 
slopes o f  the regress ion lines for E2 /SHBG with all B M D  
regions were  posi t ive,  but  the only significant relat ionship 
observed  was with whole  body B M D  (P < 0.05, r = 0.32). 

Discussion 

The data demons t ra te  no significant effect  of  smoking on 
BMD at any region in young,  p remenopausa l  women.  This 
lack of  an effect  of  cigaret te smoking on B M D  or  content  
agrees with the results  of  several  o ther  invest igat ions involv-  

ing premenopausa l  women  [2, 11-13, 17]. H o w e v e r ,  the ex- 
tent  to which the severi ty of  smoking (e.g., durat ion of  habit,  
mean number  of  cigarettes smoked per  day) influences B M D  
remains to be resolved.  There  might be a dose- response  re- 
lationship be tween  cigarette usage and BMD:  those  investi-  
gators reporting effects of  smoking on B M D  have  typically 
observed  them in " h e a v y , "  as opposed to " m o d e r a t e "  or  
" l i gh t , "  smokers  [7, 15, 18]. Our results and those of  o ther  
studies observing a lack of  effect of  smoking have  general ly 
concerned  modera te  (less than 20 cigaret tes per  day) smok- 
ers. 

We observed  no significant differences in B M D  be tween  
smokers  and nonsmokers  whe ther  the results were  unad- 
jus ted  or adjusted for body weight  (by analysis of  covari-  
ance). Howeve r ,  as there was no group difference in body 
weight  such as is usually seen with smoking,  it is possible 
that the effect of  smoking on B M D  may be media ted  through 
its effect on body weight.  Also,  the groups were  not  different 
in overall  body fatness,  though the smokers  had a more  an- 
droid distribution (reported e lsewhere)  [42]. We  ruled out  
the influence of  physical  act ivi ty by screening highly act ive  
w o m e n  from the study, and checking for possible differences 
be tween  smokers  and nonsmokers  in modera te  or  lower  lev- 
els of  physical  act ivi ty (there were  none). 

Another  unexpec ted  observat ion  was higher serum con- 
centrat ion of  S H B G  in smokers  (P < 0.01). High serum lev- 
els of  S H B G  are normally associated with es t rogenic  domi- 
nance,  and low levels  are associated with androgenic  domi- 
nance [43]. Thus,  observat ions  of  e levated S H B G  in female  
smokers  imply grea ter  se rum levels  of  es t rogens  and/or  
lower  serum levels  of  androgens,  yet  we observed  a t rend to 
lower  es t rogen relat ive to androgen levels.  Unadjus ted ,  se- 
rum tes tos terone levels  were  about  4% lower  in smokers ,  
estradiol was lower  by a lmost  18%, and the ratio T/E 2 was 
greater  by almost  18% (Table 2). Adjus tment  for fatness had 
little impact  (1%) on these values.  Severa l  o ther  studies have 
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observed significantly greater serum concentrations of an- 
drogens in female smokers [44-47], but none observed a sig- 
nificant difference in serum levels of estradiol or estrone. 
However,  all samples were composed of postmenopausal 
women. Young women have not been studied sufficiently: a 
study of older premenopausal women (mean age of about 50 
years) found no effect of smoking on serum estrone or es- 
tradiol, but a nonsignificant trend toward greater serum tes- 
tosterone in smokers was observed [46]. Two investigations 
of pregnant smokers and nonsmokers [30, 48] found smokers 
to have significantly lower serum estrone and estradiol con- 
centrations. 

There is only one other report  in the literature on SHBG 
levels in premenopausal  smokers and nonsmokers. Moore et 
al. [49] found smokers to be characterized by greater serum 
levels of SHBG (P = 0.051), as we did, but did not investi- 
gate serum levels  of sex s teroids .  In pos tmenopausa l  
women, two studies have failed to find differences in serum 
SHBG levels between smokers and nonsmokers [45, 50], but 
the latter observed a trend toward higher SHBG and lower 
estimated free estradiol (E2/SHBG) in smokers [45]. The 
available evidence suggests that in female smokers (1) an- 
drogen/estrogen balance is shifted in favor of androgens, (2) 
smoking has differential effects on levels of SHBG and sex 
steroids, and (3) factors other than reproductive hormones 
regulate the concentration of SHBG. 

We observed no significant difference in serum cortisol 
level between smokers and nonsmokers.  This is in keeping 
with the lack of a significant difference in BMD between 
groups, as hypercortisolism may be connected to risk of os- 
teoporosis [44, 51]. Other investigators have reported signif- 
icantly elevated plasma cortisol precursor levels [44] in ha- 
bitual smokers ,  and that  smoking-induced secret ion of 
adrenocorticotropin (ACTH) [52] results in significant in- 
creases in plasma cortisol levels in habitual smokers [53], but 
an effect of smoking on bone via direct effects on serum 
cortisol levels remains to be demonstrated. 

In view of the differential effect of smoking on SHBG and 
sex steroid levels, it is interesting that the only significant 
endocrine relationships with BMD concerned SHBG (i.e., 
serum levels of SHBG,  or the free hormone est imates 
T/SHBG and E2/SHBG). Smoking did not interact with any 
endocrine variable in effects on BMD, indicating that the 
relationships we observed did not differ significantly be- 
tween the smokers and nonsmokers.  Our observations of 
strong inverse relationships between SHBG and all BMD 
regions save for L2-L4 arise perhaps as a result of the broad 
range of SHBG levels characterizing the entire sample. That 
smoking contributed to this broad range of values cannot be 
ignored, reflecting most certainly characteristics of the sam- 
ple, but neither can the highly significant inverse relation- 
ships between SHBG and BMD be ignored, especially as the 
relationship between these two variables was the same for 
both groups. Similar findings have been reported previously. 
Wild et al. [54], using computed tomography, found an in- 
verse relationship between vertebral BMD and SHBG bind- 
ing capacity in postmenopausal  women. Van Hemert  et al. 
[55] measured relat ive metacarpal  cort ical  area  and its 
change over 9 years in 746 postmenopausal  women, finding 
significant inverse relationships with SHBG and positive re- 
lationships with estradiol, and concluded that SHBG had a 
"bone wasting" effect. 

Though serum levels of estradiol and testosterone were 
not related to BMD at any region in the present study, esti- 
mated free levels of  these hormones were related to BMD at 
some regions. The ratio T/SHBG was positively related to 
BMD at the whole body and proximal femur regions, sug- 
gesting that free androgens have a favorable effect on BMD; 
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other investigations have also observed apparently protec- 
tive effects of testosterone on bone [4, 56]. Surprisingly, the 
ratio E2/SHBG was related (positively) only to whole body 
BMD. This may be due to the inverse relationship between 
SHBG and BMD, in that an effect of SHBG on bone metab- 
olism could be mediated indirectly by the negative influence 
of SHBG on bioavailable estrogen; SHBG could also inter- 
fere with estrogen recognition at the target tissue level. 
However,  different regions appeared to be influenced by dif- 
ferent factors. Excluding the generic whole body region, 
BMD at the proximal femur was related to the endocrine 
factors SHBG and T/SHBG, not body weight, whereas BMD 
at the lumbar spine was consistently related to body weight, 
not endocrine factors. These observations suggest that the 
factors regulating BMD differ throughout the body. 

In summary, we found no significant differences in BMD 
between smokers and nonsmokers for any region of the 
body. This may be due to the moderate level of smoking or 
to the lack of a difference in body weight between the 
groups. Smokers had significantly lower serum levels of es- 
timated free estradiol (unadjusted for fatness) and signifi- 
cantly greater serum SHBG levels (adjusted for fatness). 
There were no differences between groups in relationships 
between endocrine factors and BMD. For  the overall sam- 
ple, we observed an inverse relationship between SHBG and 
BMD. 
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