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The effect of smoking on the response to raloxifene treatment in postmenopausal
osteoporosis

Sigara iciminin postmenopozal osteoporozda raloksifen tedavi yanitina etkisi

Savas Erdem, Ayse Filiz Yavuz Avsar, Hiiseyin Levent Keskin, Giilin Feykan Yegin Akgay, Elgin islek Secen

ABSTRACT

Objectives: The aim of this study was to examine the ef-
fect of smoking on the efficacy of raloxifene treatment in
postmenopausal osteoporosis.

Materials and methods: In this cross-sectional study,
raloxifene HCI (60 mg/day) and 600 mg ionized calcium
+ 400 IU vitamin D/day treatment were given to 63 cases
(nonsmoker group n= 39, smoker group n=24), who were
in the postmenopausal period and detected as having os-
teoporosis. At the end of the first year of the treatment, the
bone mineral densities (BMDs; g/cm?) were measured at
four regions, namely the femur neck, femur trochanter, to-
tal hip, and lumbar vertebrae between L1-4, and T-scores
were determined. The changes in BMDs were compared
between the two groups.

Results: Before starting the treatment, the mean ages
(55.8 £ 3.3 vs. 53.0 + 1.3 years), menopausal ages (49.3
+ 2.9 vs. 48.1 £ 2.1 years), postmenopausal periods (5.0
+ 1.3 vs. 7.0 £ 1.4 years), body mass indexes, and es-
tradiol levels were found to be significantly not different
between the two groups (p > 0.05). At the beginning of
treatment, the BMD values were not different for all mea-
sured regions in both groups (p > 0.05). At the end of the
first year of the treatment, statistically significant improve-
ments in BMD values and T-scores were detected for all
measured regions in the nonsmoker group (p < 0.05).
However, there were no significant differences in the
BMD values from the initial values in the smoker group
after treatment (p > 0.05).

Conclusions: The treatment efficacy of raloxifene in im-
proving BMD values in postmenopausal osteoporosis is
negatively influenced by smoking. J Clin Exp Invest 2012;
3(4): 457-462
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OzZET

Amag: Bu calismada amacimiz, postmenopozal osteo-
poroz tedavisinde raloksifen kullanan kadin-larda, sigara
iciminin tedavinin etkinligine olan etkisini incelemektir.

Gereg¢ ve yontem: Bu kesitsel ¢calismada, postmenopo-
zal déneminde olan ve osteoporoz saptanan 88 (sigara
icmeyen n= 54, sigara icen n= 34) olguya Raloksifen HCI
(60 mg/giin) + 600 mg iyonize kalsiyum/gin + 400 IU vit
D/gin tadavisi verildi. Tedavinin 1.yili sonunda 63 olgu-
da (Sigara igmeyen grup n= 39, Sigara i¢en grup n= 24)
DEXA yontemi kullanilarak L1-4 arasi lomber vertebra,
femur trokanter, femur boynu ve total kalga (hip) bolge-
lerinde kemik mineral yogunluklari (gr/cm?) élclldi ve T
skorlari hesaplandi. iki grup arasinda tedavi sonuglari
kargilastiriidi.

Sonuglar: Raloksifen tedavisine baglanmadan 6nce her
iki grubun ortalama yas (55,8 £3,3’e karsi 53,0 £1,3 yil),
menopoz yaslar (49,3 +2,9’a karsi 48,1 +2,1 yil) meno-
poz suresi (5,0 +1,3’e karsi 7,0 £1,4 yil), vucut kutle in-
deksleri (27,2 +3,7’e karsi 23,4 £0,2 kg/m2) ve estradiol
dizeyleri (26,0 £3,7’e karsi vs 23,4 +0,2) arasinda anlam-
Ii farklilik saptanmadi (p> 0,05). Tedavinin baslangicinda
BMD degerleri tim 6lcim bdlgelerinde iki grup arasinda
farkli degildi (p> 0,05).

Raloksifenin BMD Uzerine etkisi sigara icen ve icmeyen
gruplara goére karsilastirildiginda sigara igmeyen grupta
tum 6lgum bdlgelerinde BMD degerlerinde belirgin du-
zelme saptanirken (p< 0,05), sigara igen grupta ise tim
Olgcum bolgelerinde baglangi¢ degerlerine gore anlamli bir
dizelme olmadigi goruldi (p>0,05).

Sonug: Sigara igmek raloksifenin BMD Uzerine olan teda-
vi etkinligini olumsuz ydnde etkilemektedir.

Anahtar kelimeler: Raloksifen, postmenopozal osteopo-
roz, sigara
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INTRODUCTION

Osteoporosis and related bone fractures are a seri-
ous community health care problem in the geriatric
population. The most important risk factor for osteo-
porosis is estrogen deficiency, such as that which
occurs during menopause.' A variety of pharma-
cological options are available for the prevention
and treatment of osteoporosis including raloxifene.?
Raloxifene is a nonsteroidal selective estrogen-re-
ceptor modulator (SERM) with estrogen antagonist
activity on endometrial tissues and agonist effects
on the skeleton and lipid metabolism.® Raloxifene
can be recommended for the prevention of verte-
bral fractures in women with osteopenia/osteopo-
rosis who are not at high risk of nonvertebral frac-
tures and who do not have a past history of venous
thromboembolism.*

The SERMs bind to both alpha (activator) and
beta (inhibitor) estrogen receptors of coregulator
protein in target tissues. SERMs function as a par-
tial agonist when binding to the alpha receptors and
as a pure antagonist when binding to beta recep-
tor.® In postmenopausal women with osteoporosis,
raloxifene competes with endogenous estrogens for
binding to estrogen receptors, and it increases BMD
and reduces bone turnover and the risk of vertebral
fracture.® Raloxifene was shown to decrease the in-
cidence of vertebral fractures by 30-50%,” but there
was no evidence that raloxifene reduced the risk of
hip or other nonvertebral fractures.®®

Although a couple of studies did not observe
a relationship between smoking and osteoporo-
sis,*1° the incidence of osteoporotic fractures was
increased among postmenopausal smokers in
other studies.""? Like raloxifene, components of
tobacco bind to estrogen receptors and compete
with estradiol. Smoking has been associated with
negative effects, including early menopause,' low-
er body weight,'*"® decreased intestinal calcium
absorption,'®"” increased cortisol synthesis,'® and
direct toxic effects on bone cells due to increased
oxygen-derived free radicals.’ Also, in human cho-
riocarcinoma cell cultures, nicotine and other minor
components of tobacco were shown to inhibit an-
drostenedione conversion to estrogen by reducing
aromatization and inactivation through 2-hydroxyl-
ation of estradiol.?°

As smoking can directly affect estrogen re-
ceptors, it can influence the binding of raloxifene
to estrogen receptors. Therefore, the therapeutic
efficacy of raloxifene can be influenced by smok-
ing. In this study, our aim is to examine the effect of

smoking on the efficacy of raloxifene treatment for
postmenopausal osteoporosis in women.

MATERIALS AND METHODS

This cross-sectional study was approved by the
Local Ethics Committee. The study examined 141
cases who were admitted for routine postmeno-
pausal checkups and who were postmenopausal
for at least 2 years. The menopausal conditions of
all the cases were confirmed by amenorrhea and
measurements of the follicule-stimulating hormone
(FSH; >35 mlU/ml) and estradiol (E2; <37 pg/ml)
levels. The natural and surgical menopausal condi-
tions of the cases were not taken into account. The
BMDs (g/cm2) were measured with dual energy
X-ray absorptiometry (DEXA), and T-scores were
calculated. BMD measurements were recorded for
the femur neck, trochanter, total hip, and lumbar
vertebrae between L1-4. The cases with T-scores <
-2.5 on at least one region were confirmed as hav-
ing osteoporosis.

Cases were excluded from the study for the fol-
lowing criteria: use of regular calcium and vitamin D
preparations, previously took or were currently tak-
ing hormone replacement therapy or antiosteopo-
rotic therapy, had a disease that may lead to endo-
crinological or secondary osteoporosis (e.g., cases
with thyroid or parathyroid disorders, or insulin-de-
pendent diabetes mellitus, who were using heparin
or low molecular weight heparin), had urolithiasis,
renal, or liver disorders, had gynecological, breast,
or another history of malignancy, had detected en-
dometrial pathology or postmenopausal bleeding,
or had severe vasomotor symptom.

The ages, menopausal ages, and postmeno-
pausal durations of the cases were recorded, and
the body mass indexes were calculated. Pelvic
ultrasonographies, mammographies, endometrial
thickness measurements were recorded for all cas-
es. Cervical Pap smear examinations were carried
out for all cases with a uterus. Cases were exclud-
ed from the study if their endometrial thicknesses
were above 5 mm, if they were graded as BIRADS
(Breast Imaging Reporting and Data System ) 3 or
above by criteria in mammography, or if they had
an abnormal cytological finding in the Pap smear
examination.

The cases were asked about their smoking
habits and were divided into two groups on the ba-
sis of smoking. The first group (smokers) actively
smoked at least 5 cigarettes/day, and the second
group (nonsmokers) never smoked cigarettes. Sub-

J Clin Exp Invest

www.jceionline.org

Vol 3, No 4, December 2012



Erdem et al. Effect of smoking on the treatment of postmenopausal osteoporosis

459

jects who formerly smoked but had not smoked for
at least 2 years were considered nonsmokers and
were included in the nonsmoker group. The sub-
jects who actively smoked less than 5 cigarettes/
day were excluded from this study.

After applying the inclusion and exclusion cri-
teria listed above, there were 99 cases (nonsmoker
group n = 61, smoker group n = 38), who were in-
cluded in the study to take raloxifene HCI (60 mg/
day), 600 mg ionized calcium, and 400 IU vitamin D/
day for osteoporosis treatment. However, 11 of the
cases refused to use the drug and were excluded
from the study.

Therefore, 88 cases (nonsmokers group n =
54, smokers group n = 34) began the antiresorptive
treatment. The participants were called for follow
ups during the 3rd and 12th months of the treatment.
At the follow ups, we assessed their adaptation to
drug use, complaints related to the treatment, and
the side effects experienced. Ultrasonography was
used to repeat the endometrial thickness measure-
ments. Cases were excluded from the study during
the treatment period if the subject did not have ad-
aptation to drug use, had an endometrial thickness
>5 mm, had abnormal uterine bleeding, had severe
vasomotor symptoms, or were lost to follow up.

By the end of the 1%t year of the treatment, the
results were evaluated by remeasuring the BMDs
of the 24 cases in the smokers group and of the
39 cases in the nonsmokers group. These mea-
surements were then compared between the two
groups.

Statistical analysis

The statistical analyses were carried out by using
SPSS version 11.5. Before beginning the statistical
analyses, the distribution of the data were tested
using the Shapiro-Wilk normality test. The statisti-

cal comparisons of the data were carried out by us-
ing the paired sample t-test for continuous variables
and the Wilcoxon test for categorical variables. A
p-value < 0.05 was accepted as statistically signifi-
cant.

RESULTS

Prior to raloxifene treatment, the mean age (55.8
+ 3.3 years vs. 53.0 £ 1.3 years, p = 0.111), meno-
pausal age (49.3 £ 2.9 vs 48.1 = 2.1 years, p =
0.343), menopausal duration (5.0+1.3vs. 7.0+ 1.4
years, p = 0.095), BMD values (27.2 + 3.7 vs 23.4
1+ 0.2 kg/m2, p = 0.431) and estradiol levels (26.0
3.7 vs. 23.4 + 0.2 pg/ml, p = 0.380) of both groups
were similar. Prior to treatment, the BMD values
were similar for all of the measurement regions (L1-
4 lumbar vertebra, trochanter, femur neck, and total
hip) in both groups (p > 0.05) (Table 1).

At the end of the 1%t year of treatment, the pre-
treatment and post-treatment BMD values in all cas-
es (n = 63) were compared. When all of the cases
are taken into consideration, there was no signifi-
cant difference observed in the BMDs of the femur
neck region between the pre-treatment and post-
treatment groups (p = 0.204). In contrast, there was
a marked recovery in the BMD values and T-scores
for the L1-4 lumbar vertebras, femur trochanter, and
total hip after treatment (p < 0.05) (Table 2).

Next, the effect of raloxifene on BMD was
evaluated between the smoker and nonsmoker
groups. There was a marked improvement in the
BMD values for all of the measurement regions in
the nonsmoker group (p < 0.05) (Table 3). In con-
trast, there was no significant difference between
the pre-treatment and post-treatment values for any
of the measurement regions in the smoker group (p
> 0.05) (Table 4).

Table 1. Baseline bone mineral density of the groups before treatment (Mean + SD)

Smokers (n = 34) Nonsmokers (n = 54) P values

g/cm? T-score g/lcm? T-score g/lcm? T-score
Spine (L1-4) 730 + 46 -2.88+0.18 713+ 54 -2.95+0.24 0.353 0.460
Trochanter 405+ 43 -2.93+0.44 411 + 46 -2.89+0.45 0.835 0.988
Femur neck 537 + 53 -2.84 +0.49 530 + 57 -2.89 + 0.51 0.273 0.369
Total hip 580 + 53 -2.84+0.26 573 + 50 -2.87 £ 0.25 0.999 0.988
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Table 2. Comparison of bone mineral density before and after treatment among all patients (n = 63) (Mean + SD)

Before treatment After treatment P values

g/cm? T-score g/cm? T-score g/cm? T-score
Spine (L1-4) 731 + 41 -2.88+0.16 749 £ 40 -2.80£0.15 0.021 0.030
Trochanter 410 + 42 -2.91+£0.30 417 + 27 -2.85+0.18 0.017 0.028
Femur neck 535+ 29 -2.85+0.15 541 + 40 -2.82+0.20 0.351 0.204
Total hip 574 + 27 -2.87 £0.13 602 + 28 -2.73+0.13 0.007 0.009

Table 3. Comparison of bone mineral density before and after treatment among nonsmokers (n = 39) (Mean + SD)

Before treatment After treatment P values

g/cm? T-score g/cm? T-score g/cm? T-score
Spine (L1-4) 713 £ 54 -2.95+0.24 766 + 37 -2.73+£0.13 0.001 0.011
Trochanter 411 £ 46 -2.89+0.45 429 + 57 -2.78 £0.37 0.016 0.037
Femur neck 530 + 57 -2.89 £ 0.51 558 + 91 -2.73+0.44 0.030 0.017
Total hip 573 + 50 -2.87 £0.25 608 + 40 -2.71+£0.18 0.044 0.026

Table 4. Comparison of bone mineral density before and after treatment among smokers (n = 24) (Mean £ SD)

Before treatment After treatment P values
g/cm? T-score g/cm? T-score g/cm? T-score
Spine (L1-4) 730 + 46 -2.88+0.18 747 + 26 -2.81+0.10 0.281 0.243
Trochanter 405 + 43 -2.93+0.44 413 + 68 -2.87 £0.47 0.473 0.544
Femur neck 537 + 53 -2.84 +0.49 543 + 86 -2.81+0.41 0.217 0.315
Total hip 580 + 53 -2.84 +0.26 574 £33 -2.88+£0.15 0.801 0.760
DISCUSSION fene (60 mg/d), or given a placebo. The authors

We found that raloxifene does not influence BMD
values significantly in smokers after 1 year of treat-
ment. In contrast, there was a significant improve-
ment in the BMD values in nonsmokers after use
of raloxifene for 1 year. Smoking negatively affects
the therapeutic antiresorptive effect of raloxifene on
BMD.

In a study conducted by a group of Multiple Out-
comes of Raloxifene Evaluation (MORE) investiga-
tors, it was shown that administration of raloxifene
(60 and 120 mg/d) for 4 years decreased the cumu-
lative risk of new vertebral fractures in postmeno-
pausal women with osteoporosis. The decreased
vertebral fracture risk in year 4 alone was not differ-
ent between in the first 3 years and 4th year.®

In a randomized, double-blind, placebo- and
active-controlled study, healthy postmenopausal
women with osteoporosis (55-85 y of age) were
treated with bazedoxifene (20 or 40 mg/d), raloxi-

concluded that SERMs significantly reduced the
risk of new vertebral fractures in postmenopausal
women with osteoporosis and decreased the risk
of nonvertebral fractures in subjects with a higher
fracture risk.?’

Thinness and smoking were described as risk
factors for osteoporosis development in a random-
ized study of 153 early postmenopausal women, but
this risk was counteracted by hormone replacement
therapy. However, there was no difference with re-
gard to resorption markers and hormone status,
and the formation markers decreased approximate-
ly 10% in smokers. The BMD at baseline was 4%
lower in smokers than in nonsmokers. The smokers
and nonsmokers responded similarly to the placebo
and 2 mg estradiol, but the nonsmokers treated with
1 mg estradiol had a significantly larger response
than smokers.?

The effect of the frequency of smoking was also
examined. The mean total BMD was 4% lower and
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the total hip density was 6% lower in heavy smok-
ers (>1 pack/day) compared with nonsmokers. The
adjusted mean calcium absorption corrected for
weight was lower (13%) both in light (<1 pack/day)
and heavy smokers, but 25-hydroxyvitamin D was
significantly lower (16%) in heavy smokers.?

A previous wide-scale MORE study compared
changes in BMD and biochemical markers of bone
turnover and the incidence of new vertebral frac-
tures in postmenopausal wome.?* In this study,
7705 postmenopausal women with osteoporosis
were randomized into groups and given a placebo
or raloxifene (60 or 120 mg/dl). They concluded that
smoking does not influence the antiosteoporotic
effect of raloxifene. Of the participants, 17% were
smokers. The smokers had lower osteocalcin, se-
rum 25-hydroxyvitamin D, and parathormone val-
ues, and higher urinary type 1 collagen breakdown
products. The trochanteric and whole body BMD
values were lower in the smoker group than in the
nonsmoker group. The percent increases in femo-
ral neck, trochanter, lumbar spine, and whole body
BMDs due to raloxifene treatment were not signifi-
cantly different between smokers and nonsmok-
ers.?* The conclusion of that study did not support
our results.

The small number of participants in our study
is a limitation of this report. When all of the subjects
were taken into consideration, at the end of the first
year of raloxifene therapy, there was no significant
difference in the femur neck BMD values; however,
there was a significant improvement in the other
regions after treatment. When the BMD values of
the smokers and nonsmokers were compared, the
pre-treatment and post-treatment values were not
significantly different in the smokers group, but in
nonsmokers group there was a significant improve-
ment in the femur neck BMD value. In conclusion,
smoking negatively affects the therapeutic antire-
sorptive effect of raloxifene on BMD.
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