Oral contraceptive use and bone
mineral density in premenopausal
women: cross-sectional, population-
based data from the Canadian
Multicentre Osteoporosis Study

Jerilynn C. Prior,” Susan A. Kirkland,* Lawrence Joseph,*
Nancy Kreiger, "' Timothy M. Murray,” David A. Hanley,**
Jonathan D. Adachi,’$ Yvette M. Vigna,” Claudie Berger,*
Lucie Blondeau,* Stuart A. Jackson,¥Y Alan Tenenhouse,$
for the CaMOS Research Group

Abstract

Background: Positive and negative effects on bone mineral density (BMD) have
been described as a result of the premenopausal use of oral contraceptives
(OCs); increased fracture rates have also been reported. This study assessed the
relation between OC use and BMD in a population-based, 9-centre, national
sample of women aged 25-45 years.

Methods: Premenopausal women who had been enrolled in the Canadian Multi-
centre Osteoporosis Study were classified as having ever been OC users
(= 3 months) or as having never been OC users (0 to < 3 months). Data were ob-
tained through extensive questionnaires and measuring of participants” weight,
height and the BMD of lumbar vertebrae and the proximal femur.

Results: Of the sample of 524 women, whose mean age was 36.3 (standard
deviation [SD] 5.9) years, 454 had used OCs; their mean age when they started
using OCs was 19.8 (SD 3.5) years and the mean duration of use was 6.8 (SD
4.8) years. Women who had ever and those who had never used OCs showed
no differences in age, age at menarche, parity, current calcium intake, exercise,
body mass index (BMI), education, past irregular cycles or amenorrhea. OC
users reported more alcohol and cigarette use and more use of medications to
create regular cycles. Mean BMD values (adjusted for age, BMI and height)
were 0.02-0.04 g/cm? (that is, 2.3%—3.7%) lower in OC users, and were signifi-
cantly lower in the spine and trochanter. The BMD of the spine in OC users was
1.03 (SD 0.12) g/cm? versus 1.07 (SD 0.12) g/cm?(95% confidence interval [CI]
of difference —0.07 to —0.001) in those who had never used OCs. BMD was nei-
ther related to the duration of OC use nor to gynecological age at first use. Cur-
rent and past users had similar BMD values.

Interpretation: National, population-based data show lower BMD values for the
trochanter and spine in premenopausal women who have used OCs compared
with those who have never used OCs.

density (BMD) and risk of osteoporotic fracture are related remains contro-

versial. For example, controversy exists about whether or not OC use is posi-
tive for bone. Retrospective studies of past use in menopausal women'? and prospec-
tive studies in perimenopausal women suggest that OC use is beneficial for bone.**
Reviews of the effects of OCs on BMD are universally positive,** however, relatively
few cross-sectional studies of oral contraceptive use and bone density have focused on
premenopausal women. Studies by Fogelman and colleagues of 2 separate, selected

The way in which oral contraceptive (OC) use, premenopausal bone mineral
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populations of Caucasian women (57 retired professional
dancers and 102 nulliparous women respectively) detected
no effect of OC use or duration of use on dual-energy x-ray
absorptiometry (DXA) measurements of the BMD of the
lumbar spine or the proximal femur.”* Likewise, a study by
Lloyd and colleagues of 25 premenopausal women, 14 of
whom had used OCs for more than 5 years and 11 of whom
had never used OCs, showed no cross-sectional difference in
cancellous vertebral BMD by quantitative CT.? The study by
Lindsay and colleagues,” however, of 57 premenopausal
women showed significantly higher BMD by dual photon
absorptiometry in past users of OCs. A larger study in a se-
lected population of 186 premenopausal Finnish women
showed a small positive correlation between OC use and
age-adjusted DXA measurements of the BMD of the
femoral neck (= 0.189, p = 0.05)."

Only a few prospective studies of BMD in pre-
menopausal women have assessed OC use. One study
showed no difference in 3-year BMD change between users
and nonusers." Another study showed a positive effect on
BMD change in premenopausal women in their mid-
twenties who were described as “normally menstruating”
based on experiencing 6 or more menstrual cycles per year."”
However, prospective studies that lasted 5 years and one
year respectively in premenopausal women in their late
teens or early twenties found that OC use interferes with
achievement of peak bone mass.”'* Similar results were re-
ported from a large, 2-year randomized controlled study in
late-adolescent monkeys.” Furthermore, 2 very large,
prospective epidemiological studies of fracture in pre-
menopausal women showed a higher risk ratio for incident
fracture in women who had ever used OCs compared with
those who had never used OCs."*"” In the Royal College
General Practitioners Oral Contraception Study, OC users
experienced a 20% increase in relative risk of fracture (1.20,
95% confidence interval [CI] 1.08-1.34).1 A similar relative
risk of fracture (1.3, 95% CI 1.1-1.5) was reported in the
Oxford Family Planning Association Contraceptive Study;
this fracture risk increased with longer duration of OC use."”

The primary purpose of this study was to determine
whether there were differences in BMD between pre-
menopausal women aged 25-45 years who had ever taken
OCs and those who had never used OCs.

Methods

The present study used data from all women enrolled in the
Canadian Multicentre Osteoporosis Study (CaMOS) aged
25-45 years who had not undergone a bilateral ovariectomy.
Briefly, the objectives of CaMOS, which has been described in
detail elsewhere," were to ascertain the number of prevalent and
incident fractures, obtain clinical measures of BMD and describe
the distribution of proposed risk factors for osteoporosis in a pop-
ulation-based sample of 9423 noninstitutionalized adult Canadian
women and men. CaMOS is both a cross-sectional survey and a
longitudinal cohort study. The present study used data from the
baseline evaluation collected in 1995-1997.
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A stratified random sampling technique was employed to re-
cruit men and women aged 25 years or more in 7 geographic re-
gions across Canada. The sampling frame for recruitment con-
sisted of all residential telephone subscribers in postal code areas
within a 50-km radius of 9 urban centres located in 7 Canadian
provinces. Based on data from partial participants whose age and
sex were known, a participation rate of about 63% was achieved
for premenopausal women. All participants gave signed informed
consent. This study was approved by the ethics review boards at
McGill University and at the universities affiliated with each of
the 9 centres.

Data collected via an interviewer-administered questionnaire
(CaMOS Questionnaire 1995) included sociodemographic, lifestyle
and medical history information. Reproductive history included age
at menarche, number of pregnancies, parity, characteristics of initial
menstrual flow (regular or irregular), the occurrence and duration
of absence of menstrual flow, and whether the woman had been
treated to cause her periods to become regular. Information about
exercise within the last year (strenuous sports, vigorous work and
moderate activity) reported as kilojoules per week was obtained, as
well as information about exercise in comparison with peers during
childhood, the teen years and at the age of 30 years (scored from 1
to 5 for much less to much more than peers). A food frequency
questionnaire concerning calcium-rich food servings consumed,
plus current calcium and vitamin supplements, was used to assess
calcium intake (in mg per day) and whether or not vitamin D sup-
plements were taken. The questionnaire documented the use of
cigarettes in numbers of 20-unit packs per lifetime and the use of
alcohol in drinks per week during the past year.

Oral contraceptive use was documented by the age at which a
woman initiated use, her gynecological age at that time, her age at
discontinuing use and, if currently using OCs, the brand name.
Gynecological age at first use was calculated as the age at which
OC use was started minus age at menarche. Following criteria
used in epidemiological studies of hormonal effects from OC
use,” this study considered women who had used OCs for 3 or
more months to be OC ever users and those who had never used
OC:s (or had used OC:s for < 3 months) to be OC never users.

Clinical assessments included measurement of height, weight
(summarized as body mass index [BMI], calculated as mass [kg]
divided by height [m]*) and BMD by DXA of the lumbar verte-
brae (L1-4) and the proximal femur regions of the femoral neck,
trochanter and Ward’s area. A European spine phantom® was
measured systematically at least once per year in each centre,
which allowed researchers to assess the linearity of data from all
the centres and its adjustment to a common reference. Seven
centres used Hologic instruments and 2 used Lunar instruments;
all data were converted to Hologic values.” Because no method-
ology has been developed to convert Lunar data for the proximal
femur trochanter and Ward’s area into Hologic values, compara-
ble values at these sites were available for participants in only 7 of
the 9 centres.

Statistical analysis

The primary analysis of this study compared women who had
ever used OCs with those who had never used OCs. Descriptive
statistics are presented as means and standard deviations (SDs) for
continuous variables and as proportions for categorical variables.
A Pearson correlation matrix of all independent variables was con-
structed to assess possible colinearities. Logistic regression models
were fitted to assess whether OC use was associated with study



centre or with other potentially confounding variables (age,
height and BMI) or with alcohol and cigarette use and weight-
cycling behaviour. Differences in BMD levels were determined
using 95% confidence intervals.

Results

A total of 524 women met the criteria for inclusion; their
mean age was 36.3 (SD = 5.9) years. Eighty-seven percent of
women ( = 454) reported having ever used OCs, including
17% who were current users (z = 90) and 70% who were
past users (z = 364). The percentage of ever users was 89.9
in the 25-29-year age group and 85.5%, 87.2% and 85.2%
in the 30-34-year, 35-39-year and 40-45-year age groups
respectively. In this population, 13.4% of women (z = 70)
reported never having used OCs. The percentages of
women who had never used OCs, however, tended to be
lower in the 25-29-year age stratum (at 10.1%) than in the
40-45-year age stratum (at 14.8%). There were no clinically
important differences in OC use by region or centre.

The mean duration of OC use was 6.8 (SD 4.8) years,
with a median duration of 6.0 (interquartile range 2.5-10.0,
maximum 28.0) years. Twenty-nine percent of women
who used OCs (z = 130) had been doing so for 10 or more
years. The mean age at which OC use was started was 19.9
(SD 3.5) years. Gynecological age when starting OCs was
7.2 (SD 3.8) years. Women who had used OCs longer
tended to have started at a younger gynecological age.

Women who had ever used OCs did not generally differ
from those who had never used OCs (Table 1). The groups
were similar in terms of age at menarche, calcium intake, vi-
tamin D supplementation (data not shown), BMI and years
of education. However, women who were current and past
OC users reported greater consumption of alcohol, and past
users and those who had ever used OCs reported more
pack-years of smoking than those who had never used OCs.
Current OC users, as expected, were younger and had lower
parity than past users and those who had never used OCs.
Current levels of exercise did not differ between the groups
of women who had ever or never used OCs.

Women who had ever used OCs had numerically lower
mean BMD values at every measurement site compared
with those who had never used OCs. The unadjusted data
are shown in Table 1. After adjustment for the important
variables relating to BMD (age, BMI, and height), differ-
ences were important at the lumbar spine and trochanter
BMD sites (Fig. 1). BMD values in the lumbar spine were
1.03 (SD 0.12) g/cm’ versus 1.07 (SD 0.12) g/cm’ for OC
users and women who had never used OCs respectively and
0.70 (SD 0.09) g/cm’ versus 0.72 (0.09) g/cm’ respectively at
the trochanter. Point estimates of mean BMD values from
the femoral neck and Ward’s areas showed differences in a
similar direction that were not statistically significant.

Because lifestyle habits differed between the ever and
never users of OCs, the BMD data were further adjusted
for alcohol and cigarette use, although neither was signifi-
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cantly related to BMD in this data set. In addition, a history
of “weight cycling” (loss and regain of more than 10 Ib
[4.5 kg]), although it did not differ by OC use, was related
to BMD. Data adjusted for age, BMI, height, weight cy-
cling, alcohol and cigarette use are shown in Table 2. BMD
remained lower in women who had ever used OCs com-
pared with never users and became significantly lower in
current versus never users at the femoral neck and Ward’s
areas of the proximal femur.

Young age or reproductive immaturity when starting
OCs"" might explain the lower BMD values found in users
of OCs. Therefore, the relation between BMD and gyne-
cological age at first OC use was examined and found to
have no effect. Furthermore, there was no effect of dura-
tion of OC use on BMD. There was also no interaction be-
tween exercise and the effects of OC use on BMD, in con-
trast to previous suggestions.””

We postulated that the lower BMD in OC users might
be related to different reproductive histories in the 2
groups but found no differences in the regularity of the
menstrual cycle after menarche, experience of oligomenor-
rhea or amenorrhea, and no effect of these variables on
BMD. The only potentially important menstruation-
related difference between women who had ever used OCs
and those who had never used OCs was that more OC
users reported taking some medication to make their men-
strual cycles regular. Spine BMD (adjusted for age, BMI,
height and OC use) was 1.08 (SD 0.12) g/cm’ in those re-
porting medication use (commonly OCs) to create regular
cycles versus 1.04 (SD 0.12) g/cm’ in those who did not
take such medication (95% CI of difference —0.01 to 0.09).

Finally, if the menstrual cycle or ovulatory changes on
discontinuation of OCs were related to the lower BMD at
the spine and trochanter in women who had ever used OCs,
past users might be expected to have lower BMD levels than
current users. That postulate was not supported: past and
current OC users did not differ in BMD at any site.

Interpretation

Oral contraceptive use in this population-based national
sample of premenopausal women was associated with lower
BMD measurements in the lumbar vertebrae and trochanter,
and numerically lower levels were consistent across all mea-
surement sites. The difference is large enough between
groups to be clinically important (adjusted differences of
2.4% at the femoral neck to 4.3% at the trochanter). If a 1%
increase in BMD is related to a 7% decrease in vertebral
fractures (as controlled trial data of antresorptive therapies
in menopausal women suggest”), the lower BMD values in
OC users could translate into increased fracture risks of the
order of 20%-30%. Furthermore, these observations pro-
vide an explanation for the higher fracture rates in 2 large
epidemiological studies of premenopausal OC users com-
pared with those who had never used OC."*"" These negative
BMD effects are also congruent with the results of 2
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Table 1: Characteristics, including unadjusted bone mineral density (BMD) data, of premenopausal participants
in the Canadian Multicentre Osteoporosis Study (n = 524), grouped by their use of oral contraceptives (OCs)

OC use
Mean difference
Characteristic Never* Evert Current Past (and 95% CI)
Mean age (and 37.0(5.9) 36.2 (5.9) 32.3 (5.0) 37.1(5.7) -0.8 (-2.31t0 0.7)%
SD), yr n=70 n =454 n =90 n =364 -4.7 (-6.4 to -3.0)§
0.1 (-1.3t0 1.6)9
Mean BMI (and 26.8 (6.9) 25.5(5.7) 25.6 (5.2) 25.5(5.9) -1.3(-3.0t0 0.4)%
SD), kg/mZ n==68 n =438 n=2389 n =349 -1.2(-3.21t0 0.7)§
-1.3(-3.1t0 0.4)9
Mean age at 12.6 (1.5) 12.7 (1.5) 12.5(1.4) 12.8 (1.5) 0.1 (-0.3t0 0.5)t
menarche (and n=70 n =452 n=289 n=363 -0.1 (0.6 to 0.4)§
SD), yr 0.2 (-0.3t0 0.5)9
Mean no. of live 2.1(1.2) 1.9 (1.0) 1.3 (1.0) 1.9 (1.0) -0.2 (-0.6to 0.1)t
births (and SD) n=43 n =330 n=43 n=287 -0.8 (-1.3 to -0.4)§
-0.2 (-0.5t00.2)
Mean exercise 4469 (2928) 5136 (3969) 4463 (3845) 5411 (3988) 667 (=133 to 1466)t
taken (and SD), n==66 n=431 n=289 n=2342 -6 (-1072 to 1060)§
kJ/wk 942 (18.4 to 664)Y
Mean alcohol use 1.3 (2.1) 2.0 (3.5) 2.5 (5.0 1.9 (3.0) 0.7 (0.2 to 1.3)t
(and SD), n=70 n =454 n =90 n =364 1.2 (0.1 to 2.4)§
drinks/wk 0.6 (0.1t01.2)9
Mean no. (and SD) 1051 (2728) 1949 (2964) 1205 (2189) 2008 (3108) 898 (102 to 1492)t
of cigarette n=70 n =454 n=90 n =364 154 (-628 to 937)§
packs/lifetime 957 (242 t0o 1271)9
Mean current 1061 (660) 996 (577) 932 (509) 1013 (592) -65 (-231 to 102)%
intake of calcium n=67 n =435 n=287 n =348 -129 (=320 to 61)§
(and SD), mg/d -48 (-218to 121
Mean no. of years 15.0 (3.2) 14.8 (2.8) 15.4 (2.7) 14.6 (2.8) -0.2 (-1.1t0 0.5)t
of education (and n=70 n =454 n=90 n=364 0.4 (-0.5t0 1.3)§
SD) -0.4(-1.2t0 0.4)9
% weight 53.1 53.8 59.1 52.5 0.01 (-0.12 to 0.14)%
Cyc[ing** (34 of 64) (238 of 442) (52 of 88) (186 of 354) 0.06 (-0.10t0 0.22)§
-0.01 (-0.14t0 0.13)9
Mean lumbar 1-4 1.06 (0.13) 1.03 (0.13) 1.02 (0.13) 1.04 (0.13) -0.03 (-0.06 to 0.00)t
BMD (and SD), n==64 n=429 n=2388 n=341 —0.04 (-0.08 to 0.00)§
g/cmZ -0.02 (-0.05to 0.01)9
Mean femoral 0.84 (0.12) 0.82 (0.12) 0.82 (0.13) 0.82 (0.12) -0.02 (-0.05 to 0.01)t
neck BMD (and n=64 n=429 n=289 n =340 —0.02 (-0.06 to 0.02)§
SD), g/cm2 -0.02 (-0.05to0 0.01)9
Mean trochanter 0.72 (0.10) 0.70 (0.10) 0.69 (0.10) 0.70 (0.10) -0.02 (-0.05 to 0.01)t
BMD (and SD), n=>52 n=2336 n=62 n=274 -0.03 (-0.07 to 0.01)§
g/cm’ -0.02 (-0.05t0 0.01)9
Mean Ward's area 0.74 (0.14) 0.72 (0.13) 0.74 (0.13) 0.72 (0.12) —0.02 (-0.06 to 0.02)%
BMD (and SD), n=>52 n =336 n=62 n=274 0.00 (-0.05 to 0.05)§
g/cm’ -0.02 (-0.06 to 0.02)9

Note: CI = confidence interval, SD = standard deviation, BMI = body mass index.
*Never” refers to women who have never used OCA or used them for less than 3 months.
1”Ever” refers to women who have used OCA for 3 months or more.

FEver versus Never.

§Current versus Never.

q[Past versus Never.

**Refers to loss and regain of more than 10 Ib (4.5 kg).
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prospective studies in young women.*"

The observed association between OC use and lower
BMD does not appear to arise from features unique to this
national premenopausal population. The proportion of
premenopausal Canadian women who had used OCs for
3 or more months (87 %) is similar to the 86% use reported
in a recent study from California and Washington.” The
17% current use of OCs is also similar to other popula-

Oral contraceptive use and bone mineral density

tions, namely, 18.5% in Seattle’s Group Health Coopera-
tive,” 19% in the New England states’ and 23% in
France,” and identical to that in a previous population-
based study from Calgary.”” The 7-year mean duration of
OC use in Canadian premenopausal women is also similar
to that reported elsewhere.**

The results of this study confirm those of other studies
in showing that premenopausal women who ever or never

1.2
0 No OC use
B OC use
1.0
o
IS
o
.
<]
o 0.8-
=
[an)
c
o]
]
2 06-
0.4 n=64 n=427 n=64 n=427 n=>52 n=335 n=52 n=335
Spine Neck Trochanter Ward’s area
95% Cl of difference (-0.0656 to —0.0010)* (-0.0511 to 0.0037) (-0.0560 to ~0.0042)* (-0.0547 to 0.0123)

Fig. 1: Bone mineral density (BMD) of premenopausal women adjusted for age, body
mass index (BMI) and height at each BMD measurement site. OC use refers to women
who have used oral contraceptives (OCs) for 3 months or more, and no OC use refers to
women who have never used OCs or have used OCs for less than 3 months. *These confi-

dence intervals are statistically significant.

Table 2: Baseline BMD in premenopausal participants in the Canadian Multicentre Osteoporosis
Study, adjusted for age, height, BMI, weight cycling, and alcohol and cigarette use

OC use; mean baseline BMI (and SD), g/cm®

Mean difference

Bone site Never Ever Current Past (and 95% ClI)
Lumbar 1-4 1.07 (0.12) 1.03 (0.12) 1.02 (0.12) 1.03 (0.12)  -0.04 (-0.07 to =0.01)*
n=62 n=429 n=288 n =341 -0.05 (-0.09 to -0.01)t
-0.03 (-0.07 to -0.00)t
Femoral neck 0.84 (0.11) 0.82 (0.10) 0.81 (0.11) 0.81 (0.10)  —0.02 (-0.05 to 0.004)*
n=62 n=429 n=389 n =340 —-0.04 (-0.08 to —-0.00)t
-0.02 (-0.05 to 0.01)t
Trochanter 0.73 (0.09) 0.68 (0.08) 0.69 (0.09) 0.70 (0.09)  -0.03 (-0.06 to —0.00)*
n=50 n=2336 n=62 n=274 -0.05 (-0.08 to -0.01)t
-0.03 (-0.06 to -0.00)t
Ward's area 0.75 (0.12) 0.72 (0.11) 0.71 (0.12) 0.72 (0.12)  -0.03 (-0.06 to 0.01)*
n=50 n=2336 n=62 n=274 -0.05 (-0.10 to -0.01)t

—0.02 (-0.06 to -0.01)F

*Ever versus Never.
tCurrent versus Never.
tPast versus Never.
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use OCs differ regarding some lifestyle variables. More cig-
arette use” or more cigarette and alcohol use combined
have been reported in women who have ever used OCs."
In another study, women who had ever used OCs not only
smoked more cigarettes but also had lower BMI values and
higher educational and income levels than nonusers.”

Reviews that cite positive effects of OC use on bone
health™?* are probably based on evidence that combined
estrogen and progestin therapy is positive for BMD
in menopausal women. The largest studies of OC use and
bone have been retrospective studies of menopausal co-
horts. These data on OC use and BMD in menopausal
women are confounded, because OC use is a predictor of
menopausal ovarian hormone therapy,” which, in turn, is
associated with higher BMD values.

The reasons for lower BMD values in premenopausal
women who have ever used OCs are currently unclear.
These data did not confirm that women using OCs had
more menstrual cycle disturbances than those who had
never used OCs. There also was no significant relation be-
tween BMD and young gynecological age when starting
OCs. Because abnormal menstrual cycles are commonly
treated by OC use, it is possible that a higher percentage of
women using OCs would report that they had taken some
kind of medication to make their cycles regular. Eighty-
eight percent of current and 58% of past OC users com-
pared with 13% of women who had never used OCs gave
this history (95% CI of difference between ever and never
users 0.35-0.72). The robustness of this finding is ques-
tionable, however, because the group who had never used
OCs was small. Furthermore, this history did not signifi-
cantly relate to BMD at any site.

"T'wo further hypotheses cannot be tested using these data.
One is that in OC users the week-long withdrawal from
high-dose steroids every month triggers increased rates of
bone resorption similar to those documented within one
week following premenopausal ovariectomy.” The other
postulate is that, on discontinuing OC use, the 6-12 months
needed for the recovery of fertility” are a time of ovulatory
disturbances that have been associated with accelerated bone
loss.” If the latter were the case, current OC users should
have higher BMD values than past users; these data do not
show this.

This study suggests an important negative relation be-
tween OC use and BMD in cross-sectional data from over
500 premenopausal women who are part of a national, pop-
ulation-based sample. Furthermore, there was little differ-
ence between the 2 groups who had ever versus never used
OCs, and extensive questionnaire data allowed adjustment
for many potential covariates or confounders. This study
revealed no effect of the duration of OC use on BMD: that
fact makes a direct pharmacological effect of OC use on
BMD less likely. Finally, it is possible that unmeasured en-
vironmental or other variables accounted for the BMD dif-
ferences documented between women who had ever or
never used OCs.
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The Canadian Multicentre Osteoporosis Study, a 5-
year prospective study, is currently ascertaining rates of
BMD change and incident fractures and is documenting
OC use. The 5-year questionnaire will also determine the
reason for first OC use; that will allow differentiation of
contraceptive users from those using OCs as therapy for
gynecological problems. Eventually, the results of this
cross-sectional study may be confirmed in prospective
studies of the relations among OC use, BMD change and
incident fracture.
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