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Objectives: A retrospective cohort study was conducted to evaluate the effects of combination oral contraceptives (COCs) on bone
mineral density (BMD) and metabolism in perimenopausal Korean women.

Methods: The study subjects comprised two groups. The COC group included 55 women who took low-dose COC for at least one year
to control vasomotor symptoms. Another 55 women who had annual checkups without history of COC use served as controls. BMD and
bone turnover markers were assessed periodically.

Results: In the control group, 12-month BMD values at the lumbar spine (LS) and total hip (TH) significantly decreased with a greater
magnitude at LS, and bone resorption (BR) and formation (BF) markers increased concurrently with a larger change in BR. COCs increased
BMD at LS after 12 months and prevented BMD decline at TH. Multivariable linear regression revealed a significant difference in LS
BMD between groups at 12 months. In the COC group, there were significant negative correlations between baseline BMD and Z-score
at LS and corresponding changes at 12 months. COCs did not alter BR markers, whereas BF markers were significantly decreased at 3
months. Group comparison at 12 months, as tested with adjusted linear regression, disclosed significant differences in both BR and BF
makers.

Conclusions: Bone loss associated with activated bone turnover is evident during the menopausal transition, and COCs might prevent
BMD decrease and suppress bone turnover markers in perimenopausal Korean women. Significant increase in LS BMD and decreases in
BF makers suggest underlying mechanisms of greater impact on BF.
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INTRODUCTION

Osteoporosis is the most common metabolic bone
disease, and estrogen deficiency plays a key role in the
pathogenesis of postmenopausal osteoporosis [1]. Es-
trogen therapy prevents bone loss and fragility fractures
in postmenopausal women [2].

In 1986, Riggs et al. [3] reported different rates of
bone loss in the appendicular and axial skeletons of
women during their lifetimes, as assessed by photon

absorptiometry. Bone mineral density (BMD) at midra-
dius did not change before menopause and decreased
after menopause. In contrast, substantial bone loss at
the lumbar spine (LS) occurred before menopause,
strongly suggesting etiological factors other than es-
trogen deficiency, including progesterone insufficiency
[4]. The Study of Women’s Health Across the Nation
(SWAN) is a prospective cohort study of middle-aged
American women of multiple ethnicities to detail bone
loss across menopause during the five years before and
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the five years after the final menstrual period (FMP) [5].

Contraception is needed in perimenopausal women
to prevent unwanted pregnancy. Combination oral
contraceptives (COCs) provide highly effective contra-
ception and are used most commonly among women
younger than 30 years. COC use in women during
later reproductive years is increasing in the U.S. [6],
with improved safety due to decreases in estrogen dose
and introduction of newer progestins. In addition to
contraception, COCs alleviate climacteric symptoms
and might have a positive effect on BMD [7] Of note,
progestin is the dominant component over estrogen in
COCs.

Research into perimenopausal bone loss and poten-
tial roles of COC:s is lacking in Korea. This study was
designed to evaluate the effects of COCs on BMD and
metabolism in perimenopausal Korean women.

MATERIALS AND METHODS

Subjects and treatments

We conducted a retrospective cohort study includ-
ing 110 perimenopausal women older than 40 years
who visited Samsung Medical Center in Seoul, Korea
between January 1997 and June 2017. Women were
considered perimenopausal if their menstrual cycle was
irregular in cycle or flow and their duration of amenor-
rhea was shorter than 12 months with serum follicle-
stimulating hormone (FSH) level lower than 40 IU/L.
The study subjects comprised two groups. The COC
group included 55 women who took low-dose COC
(daily ethinyl estradiol dose of 30 pug or less or estradiol
valerate dose of 3 mg or less) at our Menopause Clinic
for at least one year to control vasomotor symptoms.
Another 55 women who were registered at the Center
for Health Promotion, participated in annual checkups,
and did not take COC served as controls. Subjects were
not eligible if they underwent surgical menopause or
had BMD below the expected range for age (Z-score <
2.0) at spine or hip. Women were excluded if they had
a history of certain diseases including hyperthyroidism
or hyperparathyroidism, were taking medications that
could affect bone metabolism, or were current or re-
cent user of female hormone (within six months before
study entry) or osteoporosis medications (within one
year). Women with contraindications for COC includ-
ing smoking, acutely impaired liver function, breast
cancer, and venous thrombosis were excluded. The
study protocol was approved by the Institutional Re-
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view Board of Samsung Medical Center (IRB No. 2019-
08-083) and the informed consent was waived by the
IRB.

Bone mineral density

Baseline BMD measurements were evaluated via dual-
energy X-ray absorptiometry (DXA) at the second to
fourth vertebrae of the LS and at the total hip (TH) (GE
Healthcare, Madison, WI, USA in the control group
and Hologic, Bedford, MA, USA in the COC group).
Follow-up BMD was measured at 12 months in the
control group, and at six and 12 months in the COC
groups.

Biochemical markers of bone turnover

Urinary deoxypyridinoline (DPD [reference value
3.0-7.4 nM DPD/mM creatinine]; Quidel, San Diego,
CA, USA) was assessed as a bone resorption (BR)
marker by enzyme immunoassay and corrected mea-
surements for creatinine level. Serum N-telopeptide
of type I collagen (NTX [reference value 6.2-19 nM of
bone collagen equivalents]; Alere Scarborough, Scar-
borough, ME, USA) and C-telopeptides (CTX [refer-
ence value 0.025-0.573 ng/mL]; Roche Diagnostics,
Mannheim, Germany) were measured via enzyme-
linked immunosorbent assay and electrochemilumi-
nescence immunoassay, respectively. DPD or CTX was
used in the control group, and DPD or NTX was used
in the COC group.

As bone formation (BF) markers, serum osteocalcin
(OC [reference value 11-43 ng/mL]; Roche Diagnos-
tics, Mannheim, Germany) and bone-specific alkaline
phosphatase (BSAP [reference value 5.4-14.3 ug/L];
Beckman Coulter, Chaska, MN, USA) were analyzed by
electrochemiluminescence immunoassay and chemi-
luminescent immunoassay, respectively. OC was used
in the control group, and OC or BSAP was used for the
COC group.

Bone markers were measured at baseline and 12
months in the control group, and at baseline, three, six
and 12 months in the COC group.

Hormone assay

Blood concentrations of FSH (DIASource, Ottignies-
Louvain-la-Neuve, Belgium) and estradiol (Beckman
Coulter, Prague, Czech Republic) were measured at
baseline, using radioimmunoassay.
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Statistical analysis

Statistical analyses were performed using SAS (ver. 9.4;
SAS Institute, Cary, NC, USA). Data are expressed as
mean + SD for continuous variables or number (%)
for categorical variables. Baseline clinical character-
istics were compared between the control and COC
groups by Students t-tests for continuous variables or
Wilcoxon rank-sum test after checking normality via
Shapiro-Wilks test, and by chi-square test or Fisher’s
exact test for categorical variables, as appropriate. To
ascertain percentage changes in BMD and bone turn-
over markers, one-sample t-test was applied for within-
group comparison. Multivariable linear regression was
used to investigate group differences in BMD, Z-scores,
and bone turnover markers with adjustment of baseline
characteristics. Time trends and differences at each
time point of Z-score and bone markers in the COC
group were analyzed using a generalized estimating
equation (GEE). Pearson correlation analysis was per-
formed in the COC group to determine the relation-
ships between basal BMD and percentage change at 12
months and between baseline Z-score and differences
measured at 12 months. Two-tailed P value less than
0.05 were considered statistically significant.

RESULTS

Baseline characteristics

The clinical characteristics of study subjects are sum-
marized in Table 1. Compared with the control group,
women in the COC group were significantly younger
and had shorter duration of exercise and more frequent
history of fall. After controlling for age, body mass
index (BMI), duration of exercise, and history of fall,
regression analysis revealed no significant difference in
bone density Z-scores at LS and TH between the two
groups (Table 1). However, the distribution of bone
turnover markers differed significantly, as examined
by chi-square test adjusted for age, BMI, duration of
exercise, and history of fall. Progestins used in COC
preparations are shown in Table 2. Levonorgestrel and
desogestrel were the major progestin component.

Bone mineral density

Figure 1A displays mean percentage changes from
baseline in BMD. In the control group, BMD signifi-
cantly decreased at both LS (-1.6%) and TH (-0.7%),
according to one-sample t-test. In the COC group,
however, spine BMD at 12 months was significantly in-

creased (2.2%). Multivariable linear regression adjusted
for age, BMI, duration of exercise, and history of fall
disclosed a significant difference at 12 months between

Table 1. Baseline characteristics, bone density Z-scores, and bone
turnover markers

Variable Control (n=55) COCs (n=55) Pvalue
Age (y) 48.4+29 46.8 £ 3.4 0.007
Age at menarche (y) 14413 14517 0.888
Parity 20+06 1.7+09 0.068
BMI (kg/m?) 224+ 3.1 224+25 0.943
FSH (mIU/mL) 13.7+10.5 13.5+122 0.660
Estradiol (pg/mL) 120.4 £105.6 119.3+117.6  0.964
Alcohol n=43
No 42 (76.4) 35 (81.4) 0.547
Yes 13 (23.6) 8 (18.6)
Duration of exercise (h/wk) 27+138 2014 0.046
Activity n=43
Below average 3(5.5) 2(4.7) 0.092
Average 45 (81.8) 28 (65.1)
Above average 7(12.7) 13 (30.2)
History of fall n=43
No 55 (100) 39(90.7) 0.034
Yes 0(0) 4(9.3)
Bone density Z-score
Lumbar spine, 2—-4 0.855+1.458 0.202 = 1.074 0.246°
Total hip 0.124+0.964 0.148+0.835  0.307°
Bone turnover marker
Resorption n=>54 n=48 0.012°
Increased 3(5.6) 9(18.8)
Normal 46 (85.2) 32 (66.7)
Decreased 5(9.3) 7(14.6)
Formation n =54 n=28 0.033
Increased 1(1.9) 8 (28.6)
Normal 53(98.1) 14 (50.0)
Decreased 0(0) 6(21.4)

Data are presented as mean + standard deviation or number (%).
Unadjusted P values in baseline characteristics according to Wilcoxon rank
sum test, Fisher’s exact test, chi-square test, or two-sample t-test, as ap-
propriate.

COCs: combination oral contraceptives, BMI: body mass index, FSH: folli-
cle-stimulating hormone.

’P value by linear regression adjusted for age, BMI, duration of exercise,
and history of fall.

°P value by chi-square test controlling for age, BMI, duration of exercise,
and history of fall.
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the two groups (P = 0.013). Further, there was a sig-
nificant negative correlation (r = -0.275, P = 0.042) be-
tween baseline BMD at LS and percentage change at 12
months in the COC group by Pearsons correlation test
(Fig. 1B). Hip BMD did not change during the study in
the COC group. No group difference was observed in
TH BMD at 12 months.

Z-score for bone density (Fig. 2A) did not change

Table 2. Progestins contained in low-dose combination oral contraceptives
(COCs)

Progestin Number
Levonorgestrel 30
Desogestrel 31
Gestodene 6
Drospirenone 5
Dienogest 3

Duplicate counts were recorded if COC preparation changed during the
study.
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at either LS or TH in the control group. In contrast,
GEE demonstrated that Z-score at LS was signifi-
cantly increased with time in the COC groups (P =
0.008). Compared with baseline, the lumbar Z-score
also showed significant increase at both six and 12
months. Moreover, Pearson’s correlation analysis (Fig.
2B) showed a significant negative correlation between
spine Z-score at baseline and change at 12 months in
the COC group (r = —0.396, P = 0.003). Z-score at TH
was not altered in the COC group and there was no dif-
ference at either LS or TS between the two groups at 12
months.

Biochemical marker of bone turnover

In the control group, percentage changes in both BR
(Fig. 3A) and BF (Fig. 3B) makers significantly in-
creased at 12 months. Conversely, no significant time
trend in bone markers was observed in the COC group.
Time trends, however, showed different patterns for
the two markers: BR markers did not change over time,
whereas BF markers at three months declined signifi-
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Fig. 1. (A) Mean percentage change in bone mineral density (BMD) during the study period. (B) Correlation analysis between basal BMD and
percentage change from baseline at 12 months. ?P < 0.05 versus corresponding basal values by one-sample t-test; "P < 0.05 versus control by
linear regression after controlling for age, body mass index, duration of exercise, and history of fall.
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Fig. 2. (A) Mean Z-score for bone density during the study period. (B) Correlation analysis between basal Z-score and change from baseline at 12
months. There was a significant time trend in Z-score at the lumbar spine in the combination oral contraceptive group according to the generalized
estimating equation (P = 0.008). °P < 0.05 versus baseline values.
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Fig. 3. Mean percentage change in bone turnover markers during the study period. (A) Bone resorption (BR) markers and (B) bone formation (BF)
markers. °P < 0.05 versus corresponding basal values by one-sample t-test; "P < 0.05 versus control by linear regression adjusted for age, body
mass index, duration of exercise, and history of fall.

cantly with COC. After controlling for age, BMI, dura-  the two groups in both BR (P < 0.001) and BF (P =

tion of exercise, and history of fall, linear regression  0.005) markers.
showed significant differences at 12 months between
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DISCUSSTION

Different patterns of bone loss had been reported in
women between the midradius with 99% cortical in
bone composition and LS with >70% trabecular [3].
Because areal BMD measured by DXA cannot differ-
entiate trabecular from cortical bone, volumetric BMD
was assessed by quantitative computed tomography
to delineate compartment-specific bone loss [8,9].
Cortical bone at the distal radius remained stable until
midlife, but slightly decreased over age 50, just before
menopause. In marked contrast, decline in trabecu-
lar bone at the vertebral body was observed in young
adulthood and was accelerated at perimenopause.

In the SWAN study [5], BMD was measured annually
using DXA at the femoral neck (FN) with 75% cortical
as well as LS. Apparent BMD decreases were observed
at one year before FMP at both LS and FN. Precipitous
bone losses continued through the two years after FMP,
and the rate of loss decelerated thereafter. Patterns of
bone loss were similar at the two sites, but magnitude
of early decline was greater at LS than FN, probably due
to the higher proportion of metabolically active trabec-
ular bone. In addition, serum FSH level was associated
with bone loss rate at both sites in the transmenopausal
phase [10].

Various kinds of menstrual disturbance associated
with shortened follicular phase, luteal phase defect, or
anovulation occur after reproductive age [11]. FSH in-
creases during early follicular phase are the first labora-
tory sign of perimenopause. Typical changes in ovarian
hormones include the progesterone insufficiency due
to the ovulatory dysfunctions mentioned above. Of in-
terest, serum estradiol level fluctuates widely but does
not decrease until the final stage of the menopausal
transition, about one year prior to the FMP.

Prospective studies further addressed changes in bone
metabolism during the menopause transition. When
measured during mid luteal phase of the menstrual
cycle, at the peak of progesterone level, OC began to
rise about two years before FMP, predating the de-
cline in estradiol [12]. Moreover, markers of BF but
not BR were correlated with perimenopausal loss of
trabecular bone [13]. In addition, cyclic therapy with
medroxyprogesterone acetate increased spinal BMD in
younger women (mean age, 32 years) with ovulatory
disturbance [14] and progesterone stimulates osteo-
blast proliferation in vitro [15]. These findings suggest
that progesterone insufficiency plays a causative role in

30 www.e-jmm.org

trabecular bone loss across the menopausal transition
by adversely affecting BF more than BR. Cortical bone
loss seems to be closely tied to estrogen deficiency. The
reason for the cortical bone loss observed just before
menopause is not known. Although not severe enough
to result in deficiency, abrupt decreases in estrogen
might be related.

The current study showed that BMD in the control
group was significantly decreased after one year at
both LS and TH compared with corresponding base-
line measurements. Greater bone loss was found at LS
compared with TH, in line with the SWAN reports [5].
In addition, parallel increases in biochemical markers
for both BR and BF were indicative of activated bone
turnover. Greater elevation of BR than BF suggests
remodeling imbalance. These findings support the hy-
pothesis that significant loss of axial bones associated
with increased bone turnover occurs before menopause
in Korean women.

COCs provide progestin as well as potent estrogen
and stabilize ovarian hormones by inhibiting follicular
activity. Therefore, COCs have been proposed to re-
verse BMD and metabolic changes at perimenopause.
Indeed, we found that COCs increased BMD at LS
and decreased bone loss at TH measured with DXA,
probably by preventing decrease in cortical as well as
trabecular bones. COCs also suppressed bone turnover.
These findings are consistent with those of previous
prospective Italian studies [16-18], in which low-dose
COCs increased LS BMD after one year of therapy [18]
and increased FN BMD after two years [17]. They also
reported that progestin type did not influence increase
in LS BMD with COCs [18]. In the present study, sev-
eral kinds of progestin were used, and COC prepara-
tion changed during follow-up if necessary. Hence,
statistical analysis did not consider progestin. Inter-
estingly, the present study also observed that COCs
did not alter BR markers, compared with baseline. In
contrast, COCs significantly decreased BF markers at
three months of treatment. Mechanistically, COCs are
assumed to exert greater impact on BF mainly medi-
ated by progestin, the dominant hormone component
of COC.

At baseline, Z-score at LS was higher (but not signifi-
cantly) and increases in bone turnover markers were
apparent in the COC group, which included individuals
complaining of vasomotor symptoms. These findings
are in accordance with those of the SWAN study, which
reported an association between vasomotor symptoms
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and lower BMD [19]. Erratic changes in estradiol level
during the menopausal transition might be attributable
to changes in BMD and metabolism as well as vasomo-
tor symptoms.

Ethnic differences were also noted in the SWAN study
with greater bone loss observed among women of East
Asian ancestry [5]. Oral contraceptive use in women of
reproductive age is low in Asia (estimated prevalence
< 10%, contraceptive use by method 2019, United Na-
tions). Furthermore, COC use after the reproductive
years is expected to be rare. To our knowledge, this is
the first study from Asia to assess the effects of COCs
on BMD and metabolism in perimenopausal women.
Number of women who took COC was greater in the
present study (n = 55) than the Italian studies (n < 30)
[16-18].

Low spine BMD in premenopausal or early perimeno-
pausal women is associated with higher fracture risk
across the menopausal transition [20]. Currently, no
osteoporosis medicine is approved in premenopausal
women. Recent retrospective studies [6,21] reported
that oral contraceptive use did not reduce fracture risk
around menopause. Because oral contraceptive use in
the late reproductive years has not been popular, the
numbers of recent and current users with long-term
use was very low in these studies. Of note, the fracture
risk in younger women aged 18 to 35 years was sig-
nificantly reduced by COC in a duration-dependent
manner [21]. Due to these limitations, we cannot draw
definitive conclusions regarding the effect of COC on
fracture risk in perimenopausal women. This study
showed significant negative correlations between
baseline BMD and Z-score at LS and corresponding
changes with COC at 12 months. These results indicate
that COCs might be a therapeutic option in perimeno-
pausal women with lower spine BMD.

This study is limited by its retrospective design and
short duration of COC therapy. Moreover, several
kinds of progestin and assay method for bone turnover
were used because of the long study period. Further
studies are warranted to elucidate the effects of COC
on BMD, metabolism, and fracture in women around
menopause.

In conclusion, BMD decreases at both LS and TH as-
sociated with activated bone turnover are evident dur-
ing the menopausal transition in Korean women. COCs
might prevent bone loss and suppress bone turnover in
perimenopausal Korean women. Significant increase in
BMD at LS and decreases in BF makers suggest under-

lying mechanisms of greater impact on BF than BR in
COCs.
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