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Abstract. The aim of the present study was to
investigate whether current smoking, ex-smoking, or
amount of current smoking among postmenopausal
women was associated with plasma levels of testos-
terone, and rostenedione, and DHEAs. About
65,000 women in Sweden have participated in two
population-based prospective cohort studies where
blood samples were collected at baseline, and infor-
mation on life-style, reproductive history and an-
thropometrical measurements were available. The
present study was based on 407 control subjects from
a previous nested case—control study on the relation
between steroid hormone levels and risk of breast
cancer. A multivariate logistic regression analysis,
adjusted for potential confounders, was used in order
to obtain odds ratios (OR) with 95% confidence

intervals. There was a high risk of high testosterone
levels (above the median) in current vs. never
smokers, OR: 1.85 (1.06-3.23). Risk of high testos-
terone levels increased by amount of daily smoking
(increments of 10 cigarettes/day), OR: 1.55 (1.02—
2.37). Ex-smoking was associated with high testos-
terone levels, OR: 1.56 (0.98-2.47). Current smoking
and increasing amount of current smoking were
weakly associated with high androstenedione levels.
However, these associations did not reach statistical
significance. No association was seen between
smoking habits and DHEAs levels. We conclude that
current smoking, and increasing amount of
daily smoking, is associated with high testosterone
levels.

Key words: Androstenedione, DHEAs, Smoking, Testosterone, Women

Abbreviations: BMI = body mass index; CI = confidence interval; DHEAs = Dehydroepiandrosterone
sulphate; DL = detection limit; HRT = hormonal replacement therapy; MDCS = The Malmé Diet and
Cancer Study; MSP = The Mammary Screening Project; NSHDS = The Northern Sweden Health and Disease
Study; OC = oral contraceptives; OR = odds ratio; VIP = The Visterbotten Intervention Project

Introduction

High androgen levels have been associated with
increased risk of breast cancer [1], hyperinsulina-
emia [2], and diabetes mellitus [3]. It has also been
suggested that androgen levels are related to
conditions such as bone density [4] and arterio-
sclerosis [5]. Several studies have investigated
determinants for androgen levels in men, but few
large studies have included women. The potential
association between smoking and androgen levels in
postmenopausal women has been studied in at least
14 previous studies [6-19], but many of these
studies were performed in populations where
smoking was relatively uncommon, and most
studies were small, 8 including less than 50 smoking
exposed women (current or ex-smoker, i.e. ever
smokers) [6, 810, 12, 13, 15, 17]. Almost all
previous studies have used only two categories to

classify smoking exposure; current smokers and
non-smokers, the latter category including both
never and ex-smokers [6, 815, 17, 19]. Only two
studies have reported results related to different
amounts of current smoking [7, 12].

About 65,000 women in Sweden have participated
in two population-based prospective cohort studies
where blood samples were collected at baseline:
The Malmé Diet and Cancer Study (MDCS) [20],
and The Northern Sweden Health and Disease
Study (NSHDS) [21]. Smoking is common in the
background populations, about 30% of the popula-
tion were daily smokers in Malmo, and about 20% in
the north of Sweden [22].

The aim of the present study was to investigate
whether current smoking, ex-smoking or amount of
current smoking among postmenopausal women was
associated with plasma levels of testosterone, andro-
stenedione, and DHEAs.
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Materials and methods
Study cohorts

The Malmé Diet and Cancer Study (MDCS) and the
Northern Sweden Health and Disease Study
(NSHDS) are population-based cohorts from Sweden
including about 65,000 women [1, 20, 21, 23]. The
Northern Sweden Health and Disease Study consists
of three sub-cohorts: the Visterbotten Intervention
Project (VIP), the Umea component of the MONICA
study, and the Mammary Screening Project (MSP).
Both the MDCS and the NSHDS collected blood
samples at baseline, and assessed information on
anthropometry, life-style factors, and reproductive
history. Smoking habits were not assessed in the MSP
[1, 20, 21, 23].

Selection of subjects

This study included control subjects from a previous
nested case—control study on the relation between
steroid hormone levels and risk of breast cancer [1].
Ethical clearance was given by ethical committees at
Lund University and Umed University. Menopausal
definition, case retrieval, and matching of controls
have been previously described [1]. Altogether, 344
cases and 676 controls, postmenopausal at baseline,
were identified.

Control subjects can be regarded as a randomised
sample from the postmenopausal population, as there
were breast cancer cases of all ages in the postmen-
opausal period, and all breast-cancer free individuals
were eligible to be selected as a control. Among 676
control subjects, information on smoking had been
assessed in the 514 controls from the MDCS, the VIP
and the MONICA cohorts. Menopausal status was
confirmed using FSH and estradiol levels, as previ-
ously described, leaving 482 control subjects with
postmenopausal levels [1]. In order to get reliable
information on current use of hormonal replacement
therapy (HRT) at baseline, women with missing
information on this issue, and those affirming ever
use of HRT in the NSHDS (current use was not
assessed in this cohort), were excluded, leaving 408
women. One subject had no information on smoking
habits. Hence, a total of 407 control subjects were
available for the present study.

Laboratory analyses

Following venepuncture, blood was separated into
different components. Plasma samples were stored in
the biological bank at —80 °C[24]. Following extraction
with ether, radio-immunoassay (using '*I tracers) was
used in order to analyse testosterone (detection limit
(DL): 0.10 nmol/l), androstenedione (DL: 0.14 nmol/l),
and DHEAs (DL: 0.20 pmol/l) (Department of Clinical
Chemistry, Malmoé University Hospital, Malmo,

Sweden) [24]. Reference values among postmenopausal
women which were used in clinical practice were, for
testosterone: 0.3-2.5 nmol/l, for androstenedione:
1.0-8.0 nmol/l, and for DHEAs: 1.0-12.0 nmol/l.
Laboratory procedures have been previously
described in detail [1]. Inter-assay coeflicients of
variation were below 15% for all three hormones at
high and low levels, respectively. Corresponding
intra-assay coefficients for testosterone and andro-
stenedione were below 10%, and below 16% for
DHEAs. The amount of biological material was
limited in some subjects. Eventually, testosterone
levels could be determined in 387 women, and
androstenedione and DHEAs levels in 389 subjects.

Statistical methods

Levels of testosterone, androstenedione, and DHEAs
were dichotomised in order to define subjects with
high vs. low levels of these hormones. Cut-off points
(medians) were defined separately for the MDCS and
the NSHDS-cohorts, Table 2. A number of potential
confounders were investigated in relation to low vs.
high levels of the studied hormones. These factors
included standard demographic parameters such as
age at baseline and educational level, and informa-
tion relevant to the laboratory analyses, i.e. storage
time and sub-cohort. Sowers et al. [18] have reported
that testosterone levels are associated with BMI,
previous bilateral oophorectomy, use of oral contra-
ceptives (OC) and use of HRT. In addition, a weak,
not statistically significant, relation was seen between
alcohol consumption and testosterone levels [18]. A
large part of all testosterone, and a minor part of
androstenedione and DHEAs, in women is produced
by the ovary [7, 16, 18]. This study included infor-
mation related to previous and present ovary func-
tion, i.e. age at menarche, parity, age at first
childbirth and age at menopause.

Median and range (5th to 95th percentiles) were
given separately for the two centres. Levels of the
studied hormones in current, ex, and ever smokers
were compared to those in never smokers using the
Mann-Whitney test. This, and all other tests, was
two-tailed and p-values less than 0.05 were con-
sidered statistically significant.

The odds of high vs. low hormonal levels in cur-
rent, ex- and ever smokers was compared to corre-
sponding odds in never smokers yielding odds ratios
(ORs) with a confidence interval (CI) of 95%.
Unconditional logistic analysis was used to obtain
OR adjusted for age at baseline. A second model
included all potential confounders listed above. As
some strata had no or very few subjects who had
undergone bilateral oophorectomy, this factor was
not included in the multivariate analysis. Risk of high
hormonal levels in relation to amount of current
smoking was analysed accordingly. Amount of cur-
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rent smoking was expressed as both categorical and
continuous variables.

The relation between smoking habits and androgen
levels were further investigated using multiple linear
regression analysis. Androgen levels were approxi-
mately normally distributed. Continuous and dichot-
omous variables were entered as in the analyses above.
Variables for sub-cohort, education, age at first
childbirth, and alcohol consumption in addition
to categorical outcome variables were transformed
and entered as multiple categorical variables. Partial
regression coefficients (f;) were reported together
with a 95% confidence interval and corresponding
p-values.

Results

The distribution of known and potential risk factor
for breast cancer among women with low and high
levels of androgens respectively is given in Table 1.
Mean and range of the studied hormones is reported
in Table 2.

The multivariate analysis showed a statistically
significant risk of high testosterone levels in current
vs. never smokers, OR: 1.85 (1.06-3.23), Table 3.
Excluding HRT users (n = 60) from the analysis, the
result was similar, OR: 1.85 (1.00-3.44). Risk of high
testosterone levels increased by amount of daily
smoking (increments of 10 cigarettes/day), OR: 1.55
(1.02-2.37), Table 4. Excluding HRT users, the risk
was marginally lower, OR: 144 (0.91-2.28).

Ex-smoking was associated with high testosterone
levels, but this association did not reach statistical
significance, Table 3. These findings were confirmed
by the multiple linear analyses, Tables 3 and 4.

Androstenedione levels were higher in current
smokers as compared to never smokers (Table 2), and
the multiple linear regression analysis yiclded a statis-
tically significant association, (Table 3). However, this
association did not reach statistical significance when
outcome was defined as high androstenedione level,
Table 3, and there was no statistically significant dose—
response relation between amount of current smoking
and androstenedione levels, Table 4.

Discussion

Current smoking and increasing number of cigarettes
smoked per day were associated with high testoster-
one levels. The results also indicate that there may be
an association between ex-smoking and high testos-
terone levels, and between current smoking and high
androstenedione levels.

Several methodological issues have to be consid-
ered. One concerns the validity of a single value as a
measurement of mean hormonal levels. Short-time
variation seems to be small regarding sex-steroid
hormones in postmenopausal women [26], and sev-
eral studies have found that a single measurement of
sex steroid hormones reflects levels over long time
[27, 28]. The laboratory has a long experience with

Table 2. Means and values for the 5th and 95th percentiles, of androgens in relation to smoking habits

MDCS NSHDS
No. Median Compared No. Median Compared to
(5-95 to never (5-95 never smokers
percentiles) smokers percentiles) (p-value)

Hormone Smoking status (p-value)
Testosterone (nmol/l)

Never 162 1.10 (0.58-1.89) ref. 27 1.44 (0.74-3.00) ref.

Current 91 1.21 (0.49-2.21) 0.17 16 1.41 (0.90-2.58")  0.87

Ex 81 1.15 (0.67-1.83) 0.93 10 1.56 (1.14-2.25"  0.75

Ever (current + ex) 172 1.16 (0.59-1.89) 0.42 26 1.47 (0.92-2.55) 0.78

All 334 1.13 (0.59-1.89) - 53 1.44 (0.88-2.71) -
Androstenedione (nmol/l)

Never 163 2.08 (1.05-3.58) ref. 27 3.14 (0.99-9.41) ref.

Current 91 2.48 (1.05-5.17) 0.01 16 3.53 (1.34-7.31%)  0.56

Ex 82 2.01 (1.10-3.76) 0.27 10 3.45 (2.36-4.98")  0.30

Ever (current + ex) 173 2.13 (1.08-4.51) 0.33 26 3.45 (1.39-7.25) 0.34

All 336 2.12 (1.09-4.21) - 53 3.21 (1.24-7.18) -
DHEAs (umol/l)

Never 163 2.59 (0.69-7.06) ref. 27 2.75 (0.30-8.99) ref.

Current 91 2.85 (0.49-6.70) 0.51 16 2.96 (0.41-8.60")  0.86

Ex 82 2.07 (0.39-5.90) 0.22 10 3.88 (1.77-5.92%)  0.14

Ever (current + ex) 173 2.40 (0.47-6.52) 0.76 26 3.30 (0.45-8.56) 0.37

All 336 2.49 (0.51-6.49) - 53 2.84 (0.49-8.52) -

Presented separately for The Malmo Diet and Cancer Study (MDCS) and The Northern Sweden Health and Disease Study
(NSHDS). "Maximum value.
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Table 3. Crude and adjusted odds ratios (ORs), with confidence intervals (CIs) of 95%, for high vs. low androgen levels in

different smoking categories

Multiple regression analysis”

partial p-value
regression
Smoking Low High coefficient, f;
Hormone status levels N levels N Crude OR Adjusted OR” (95% CI)
Testosterone
Never 103 86 1.00 1.00 Baseline -
Current 48 59 1.47 (0.91-2.37) 1.85 (1.06-3.23) 0.13 (0.02-0.23) 0.02
Ex 43 48 1.34 (0.81-2.21) 1.32 (0.75-2.30) 0.004 (-0.10-0.11)  0.94
ever (current + ex) 91 107 1.41 (0.94-2.10) 1.56 (0.98-2.47) 0.07 (-0.02-0.16) 0.15
Androstenedione
Never 98 92 1.00 1.00 Baseline -
Current 41 66 1.71 (1.06-2.78) 1.42 (0.82-2.47) 0.33 (0.03-0.64) 0.03
Ex 55 37 0.72 (0.43-1.19) 0.65 (0.37-1.14) —-0.09 (-0.39-0.22) 0.58
ever (current + ex) 96 103 1.14 (0.77-1.70) 0.97 (0.61-1.53) 0.13 (=0.13-0.40) 0.33
DHEAs
Never 94 96 1.00 1.00 Baseline -
Current 50 57 1.12 (0.69-1.79) 0.84 (0.48-1.49) —-0.18 (-0.68-0.32) 047
Ex 50 42 0.82 (0.50-1.35) 0.65 (0.37-1.16) -0.30 (-0.80-0.21) 0.25
ever (current + ex) 100 99 0.97 (0.65-1.44) 0.74 (0.46-1.19) —-0.24 (-0.65-0.18)  0.26

Multiple linear regression analysis on the relation between smoking habits and androgen levels.
*Adjusted for age at baseline, storage time, sub-cohort, educational level, age at menarche, parity, age at first childbirth, age
at menopause, BMI, use of OC, use of HRT and alcohol consumption.

regard to analysis of the studied hormones, and we
consider the coefficients of variation to be acceptable.

Information on smoking habits has a high reli-
ability according to a previous report from the
MDCS [23]. Validity of information on smoking was
reported to be good in an earlier study from Malméo
where questionnaire information was compared to
plasma levels of carboxy-haemoglobin [29].

Subjects were selected from control subjects in a
previous case—control study nested within a popula-
tion-based prospective cohort. This ought to mini-
mize potential selection and detection bias. One
limitation of this study is, however, that only post-
menopausal women were studied. Whether the ob-
served association apply to premenopausal women
cannot be assessed by this material.

Potential confounders include age at baseline,
storage time, sub-cohort, educational level, BMI,
alcohol consumption and reproductive history. All
these factors were included in the multivariate anal-
ysis, and ought not to have affected the observed
associations. When restricted to women with no HRT
at baseline, results were similar, although confidence
intervals were broader, probably due to decreased
statistical power.

Current smoking was associated with high testos-
terone levels in this study. This relationship has been
investigated in at least eight previous studies among
postmenopausal women [6—10, 16—18]. Out of them, 3
found a statistically significant positive association [0,
16, 18], among them was the largest previous study
including 194 smoking exposed women [18]. One

study indicated a positive association [8], but this,
and 3 out of 4 studies that showed no association at
all, included less than 50 smokers. Hence, lack of
statistical power may have been a problem. A meta-
analysis based on 6 of these studies [6-10, 17],
including 150 smokers, showed slightly higher tes-
tosterone levels in smokers, but this association did
not reach statistical significance. We found a dose—
response relationship between the amount of current
smoking and testosterone levels. One previous study
has investigated this relationship, but it did not find
such a trend [7]. Previous studies often compare
current smoking with non-smoking, including
ex-smokers in the reference category [6, 8, 9, 17]. If
ex-smoking is positively associated with high andro-
gen levels, as our study suggests, this would obscure a
true risk associated with current smoking.

There was a slight increase in risk of high andro-
stenedione levels in current smokers, an association
that was stronger in heavy smokers. Smoking and
androstenedione levels have been assessed in at least
11 studies [6-11, 13—17]. All of them found a positive
association, statistically significant in five [6, 7, 11, 15,
16]. Three of these 5 were also the largest studies,
with at least 50 smokers in each. A meta-analysis
based on 10 of these studies [6-11, 13-15, 17] found
that smokers had statistically significantly higher
androstenedione levels as compared to non-smokers.
Our study indicated a dose-response relation between
amount of daily smoking and androstenedione levels,
in line with the only previous study investigating this
association [7].
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Table 4. Crude and adjusted odds ratios (ORs), with confidence intervals (CIs) of 95%, for high vs. low androgen levels in

different categories of daily smoking

Multiple regression analysis”

partial p-value
regression
Smoking status (number of Low High coefficient, f3;
Hormone cigarettes/day) levels N levels N Crude OR Adjusted OR™  (95% CI)
Testosterone
Never (0/day) 103 86 1.00 1.00 Baseline -
<14/day 26 28 1.29 (0.70-2.36) 1.63 (0.82-3.24) —0.05 (=0.13-0.03)  0.25
>15/day 22 25 1.36 (0.72-2.58) 2.05 (0.95-4.44) 0.05 (-0.03-0.14) 0.21
Continuous variable (per 10/day) - - 1.26 (0.89-1.77) 1.55(1.02-2.37) 0.11 (0.03-0.20)  0.01
Androstenedione
Never (0/day) 98 92 1.00 1.00 Baseline -
< 14/day 23 31 1.44 (0.78-2.64) 1.27 (0.64-2.53) =0.07 (-0.31-0.16) 0.53
>15/day 17 30 1.88 (0.97-3.64) 1.57 (0.71-3.47) 0.10 (-0.13-0.33) 0.39
Continuous variable (per 10/day) - - 1.41 (0.99-2.00) 1.23 (0.80-1.88) 0.18 (-0.05-0.42) 0.13
DHEAs
Never (0/day) 94 96 1.00 1.00 Baseline -
< 14/day 26 28 1.05 (0.58-1.93) 0.87 (0.43-1.80) —0.11 (=0.49-0.27) 0.56
>15/day 23 24 1.02 (0.54-1.93) 0.63 (0.29-1.40) 0.14 (-0.24-0.52) 0.48

Continuous variable (per 10 / day) - -

1.10 (0.78-1.54)  0.86 (0.56-1.32) —0.09 (—0.47-0.29) 0.64

Multiple linear regression analysis on the relation between smoking habits and androgen levels.
*Adjusted for age at baseline, storage time, sub-cohort, educational level, age at menarche, parity, age at first childbirth, age
at menopause, BMI, use of OC, use of HRT and alcohol consumption.

No association was seen in this study between
smoking and DHEAs levels. This relationship has
been investigated in at least seven studies [6, 7, 12, 13,
15-17]. Contrary to our study, most others found a
positive association between smoking and high
DHEAs levels [6, 7, 13, 15-17]. A positive association
between smoking and DHEA levels has also been
suggested by Trichopoulou et al. [19]. The relation
was statistically significant in three of these studies
[7, 15, 16] and also in one meta-analysis including a
total of six of these studies [6, 7, 12, 13, 15, 17]. A
dose response relation was observed in the only pre-
vious study investigating this relation [7].

Sowers et al. [18] have hypothesised that increased
levels of testosterone in smokers may be an effect of
decreased steroid hormone metabolism. One possible
mechanism is that testosterone and androstenedione
are degraded by enzymes that may be inhibited by
carbon monoxide present in tobacco smoke [8]. An
alternative explanation is that nicotine from tobacco
smoke induces ACTH production, which in turn
leads to higher levels of adrenal androgens (andro-
stenedione and DHEASs) [7]. As androstenedione and
DHEASs are precursors in steroid hormone synthesis,
it is possible that this may also affect plasma levels of
testosterone [12].

This study indicates that androgens may be part of,
or may modify, the association between smoking and
conditions such as breast cancer, osteoporosis, arte-
riosclerosis, and metabolic disturbances such as
hyperinsulinaemia.

We conclude that current smoking, and increasing
amount of daily smoking, is associated with high
testosterone levels.
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