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Abstract

Bone mineral density (BMD) changes during the life span, increasing rapidly during adolescence, plateauing in
the third decade of life, and subsequently entering a phase of age-related decline. In women, menopause leads to
accelerated bone loss and an increase in fracture risk. Between peak bone mass attainment and menopause,
BMD is generally stable and the risk of fracture is typically low. This time period is marked by life events such
as pregnancy and lactation, which transiently decrease BMD, yet their long-term effects on fracture risk are less
certain. BMD may also be altered by exposure to medications that affect bone metabolism (e.g., contraceptives,
glucocorticoids, antidiabetic medications, antiepileptic drugs). Although oral contraceptives are often believed
to be neutral with regard to bone health, depot medroxyprogesterone acetate (DMPA) and gonadotropin-
releasing hormone (GnRH) agonists have been associated with decreases in BMD. Development of newer
medical therapies, principally GnRH antagonists (e.g., ASP1707, elagolix, linzagolix, relugolix), for treatment
of endometriosis-associated pelvic pain and heavy menstrual bleeding due to uterine fibroids has renewed
interest in the short- and long-term impacts of changes in BMD experienced by premenopausal women. It is
important to understand how these drugs influence BMD and put the findings into context with regard to
measurement variability and naturally occurring factors that influence bone health. This review summarizes
what is known about the effects on bone health pregnancy, lactation, and use of DMPA, GnRH agonists, and
GnRH antagonists in premenopausal women and potential consequences later in life. ClinicalTrials.gov
identifier: NCT03213457.

Keywords: bone loss, densitometry, depot medroxyprogesterone, fracture risk, gonadotropin-releasing
hormone antagonist, osteoporosis

Introduction ges in bone mineral density (BMD) may occur before men-
opause during the ‘“‘plateau’’ period for a variety of reasons,

B ONE MASS PEAKS in a woman’s 20s,' with a subsequent including biological processes (pregnancy, lactation),” ad-
plateau until the mid-40s (Fig. 1). Menopause marks a  verse effects of certain diseases or conditions (e.g., hyper-
transition to accelerated bone loss; however, transient chan-  parathyroidism, hyperthyroidism, Cushing’s syndrome),®
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FIG. 1. Changes in BMD in women over time. BMD, bone

mineral density; DXA, dual-energy X-ray absorptiometry.

and use of pharmacologic therapies (e.g., glucocorticoids,
antidiabetic medications, antiepileptic drugs, antipsychotic
agents, selective serotonin reuptake inhibitors, chronic hepa-
rin, gonadotropin-releasing hormone [GnRH] agonists).>~
Use of such medications is common; for example, in a lon-
gitudinal community-based study, 16% of perimenopausal and
early postmenopausal women reported a history of medica-
tions associated with BMD changes.® In addition, a history of
contraceptive use or medications to treat gynecologic condi-
tions was high (oral contraceptives, 75%; sex steroid hormones
other than birth control pills, 37%).°® Although oral contra-
ceptives are generally believed to be neutral with regard to
bone health,”~” depot medroxyprogesterone acetate (DMPA)'®
and GnRH agonists’ are associated with decreases in BMD.
The influence of these drug-related reductions in BMD on risk
of fracture later in life has not been well established.'*'!

Given the increased risk with age at the population level,
the bulk of evidence regarding fracture likelihood relates to
older postmenopausal women.'> However, events during the
premenopausal years have the potential to influence BMD
trajectory throughout the life span' and could affect risk of
fracture later in life. Development of newer medical thera-
pies, principally GnRH antagonists (i.e., ASP1707, elagolix,
linzagolix, relugolix), for treatment of pelvic pain due to
endometriosis and heavy bleeding due to uterine fibroids has
renewed interest in the impact of changes in BMD experi-
enced by premenopausal women. Salient among the ques-
tions regarding these agents are the magnitude of effect on
BMD, the reversibility of changes, and if there is any impact
on risk of fracture later in life. It is also important to under-
stand these changes within the context of measurement var-
iability, duration of use of such medical therapies, and
naturally occurring factors that influence bone health. This
review summarizes the effects of premenopausal life events
such as pregnancy and lactation and use of DMPA, GnRH
agonists, and GnRH antagonists on bone health and later life
fracture risk to assist physicians and patients make informed
treatment decisions.

Search Methodology

We conducted a literature search using a multifile database
platform (Dialog Solutions, Ann Arbor, MI), which accessed
data from the Derwent Drug File, Embase, and MEDLINE.

1417

The initial broad search strategy was augmented by subse-
quent targeted MEDLINE searches to answer specific re-
search questions. Articles published in English from January
1987 (when dual-energy X-ray absorptiometry [DXA] was
first available) through September 2020 were reviewed for
relevance; articles selected for inclusion were related to
pregnancy, lactation, DMPA, GnRH agonists, or GnRH
antagonists and reported DXA-measured BMD data in pre-
menopausal women and/or bone fracture risk in premeno-
pausal or postmenopausal women. For inclusion, studies
must have specified BMD measurement or fracture location
and timing relative to the exposure of interest (i.e., life event
or medication use). Only fractures relevant to fragility/oste-
oporosis were considered (see ‘‘Evaluating fracture rele-
vance’’ below). Articles describing fracture risk related to
pregnancy or lactation were limited to large prospective
studies published within the past 10 years. Data extracted
from the identified articles included study design, patient
population, relevant inclusion/exclusion criteria, percent
change from baseline in BMD, odds ratios, hazard ratios, and
fracture rates.

Interpreting Measures of Bone Density

BMD measurements performed using DXA (expressed in
units of g/cm?) are often converted to T-scores or Z-scores
for interpretation. An individual’s T-score indicates how
many standard deviations (SDs) their BMD measurement
diverges from the mean BMD of a reference population (e.g.,
young Caucasian women)."* For premenopausal women,
imaging guidelines recommend use of Z-scores rather than
T-scores.”'” The Z-score reflects the number of SDs a BMD
measurement diverges from a mean BMD value derived from
individuals of the same sex, age, and race. Because of dif-
ferences in average BMD values among racial/ethnic
groups,'*!® the reference population used for Z-score cal-
culation is specific to the patient’s race/ethnicity.'> A Z-score
in the negative range does not signify that bone loss has
occurred; a score of —2.0 or lower is interpreted as below the
expected range for the patient’s age.>'”

Interpretation of BMD deviations from the norm or
changes over time are subject to the inherent limitation of
measurement variability. Duplicate DXA scans of the same
individual may yield slightly different results due to inherent
variability, generally 2%-3% for the spine and 3%—4% for
the femoral neck and total hip. Variability is greater when
looking at long-term changes compared with duplicate
measurements made at the same time.'” Additional vari-
ability may be introduced by use of different machines;'® for
example, GE Healthcare DXA systems are calibrated to read
BMD ~ 10% higher than Hologic DXA systems, but both
yield similar Z-scores and T-scores. Measurement accuracy
may also be compromised in those at extremes of body mass
index.®> Beyond the technical aspects of precision, there is
also the need to apply the appropriate reference standards
relative to the individual being assessed (i.e., use of Z-scores
vs. T-scores for premenopausal women and use of a Z-score
reference from a matching racial/ethnic group).

When assessing changes over time, group mean percent-
age change in BMD from baseline is generally reported in
clinical trials. A 1% change in BMD is roughly equivalent to
a 0.1-unit change in Z-score or T-score. Importantly, a group
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mean change from baseline in BMD of 1% may be reported in
a clinical trial, but such a difference is too small to measure at
the individual patient level. On an individual level, it is es-
sential to know the DXA facility’s least significant change to
determine if a noted BMD ““difference’ is real.'®

Evaluating Fracture Relevance

When assessing the influence of BMD decreases on
fracture risk, demographic factors, BMD relative to the
reference standard (i.e., T-score or Z-score, as appropriate),
and type of fracture inform possible associations. Although
fragility fractures are often defined as any fracture resulting
from low-energy trauma (e.g., a fall from standing height or
lower),lg’zo the likelihood that a fracture is related to oste-
oporosis must take into account the individual’s age and
BMD, as well as fracture location. Fractures associated with
osteoporosis are more likely to occur in older rather than
younger individuals, are more common among those with
lower versus higher BMD, and typically affect the humerus,
radius, spine, pelvis, or femur. Fractures of the ankles,
knees, elbows, shoulders, sternum, clavicle, or ribs have a
less certain relationship to osteoporosis,”’ whereas fractures
of the skull, face, fingers, toes, hands, or feet are unlikely to
be related to skeletal fragility.

Effects of Life Events on Bone Health
in Premenopausal Women

Pregnancy

Calcium metabolism and bone mineral status are markedly
affected during pregnancy, as physiologic adaptations ensure
that adequate mineral transfer is provided to the developing
fetus and for upcoming lactation.”> The resulting increase in
bone remodeling generates a BMD decline in early preg-
nancy, with subsequent gains postpregnancy. An estimated
BMD loss of <1%-9% occurs from before conception to
immediately postpartum, the magnitude of which varies by
study and skeletal location.”>° In prospective longitudinal
studies, the ranges of BMD decreases by skeletal location
were <1%-2% for forearm, 1% for total hip, 4% for tro-
chanter, 1%-8% for femoral neck, and 1%-9% for lumbar
spine.”®*° Salari and Abdollahi® describe the confounding
influences that contribute to disparate results among studies,
including differences in study design, populations, densi-
tometry, and bone sites measured.

The net influence of pregnancy-related BMD changes on
long-term bone health remains to be elucidated, as the
available evidence is mixed.” Studies evaluating the influ-
ence of pregnancy on BMD later in life generally report
minimal to modest positive effects of parity history on
BMD.***>! However, data are generally derived from ob-
servational cohort studies assessing historical reproductive
factors such as past pregnancy, parity, and breastfeeding as
contributing factors to current BMD. There is a lack of pro-
spective, long-term studies evaluating changes in BMD in
parous versus nulliparous women.

Lactation

As with pregnancy, lactation involves changes in bone
metabolism to facilitate mineral transfer to the growing in-
fant.>* The result is a net maternal calcium loss as it is ex-
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creted in breast milk. In addition, lactation suppresses the
hypothalamic-pituitary-ovarian axis, resulting in a hgr})oes—
trogenic state and consequent increased bone turnover.”*> In
longitudinal studies, decreases in BMD during lactation,
which are typically measured at ~6 months postpartum,
range from 1% to 5% for radius, 1% to 8% for lumbar spine,
3% to 6% for femoral neck, and 4% for total hip.23_25" 237
The dynamics of BMD changes during and after lactation
differ by skeletal location (Fig. 2).** In a 2009 longitudinal
study of lactating women, femoral neck and total hip BMD
decreased by 4% and lumbar spine BMD decreased by 1%
from 1 month (baseline) to 6 months postpartum.®” At 18
months postpartum, femoral neck BMD was 1% below
baseline, total hip BMD had returned to the baseline mean,
and lumbar spine BMD had increased by 6% relative to
baseline. The lumbar spine recovery data align with a pre-
vious report in which a 7% increase in BMD was observed
from ~3 days postpartum (baseline) to 18 months postpar-
tum in women who breastfed for an average of 6 months.>> At
3 to 4 months postpartum (during lactation), lumbar spine
BMD was 3% below baseline. Holmberg-Marttila et al.>*
also noted an increase relative to baseline in lumbar spine
BMD but an ongoing decrement in femoral neck BMD
(=1.1%) ~ 19 months postpartum in women who breastfed.

Data indicate that the recovery of lumbar spine and fem-
oral neck BMD is slower in women with a longer breast-
feeding duration.***> Consistent with the direct correlation
between duration of lactation and time to resumption of
menses after childbirth, women with a longer postpartum
duration of amenorrhea exgerience a lower BMD nadir and
slower recovery trajectory.***

Beyond the 18-month window of observation from longi-
tudinal studies, the data for long-term effects of lactation on
BMD are limited by a lack of prospective studies. Results from
observational cohorts assessing the influence of breastfeeding
history and duration on BMD are inconsistent.®>%¥0
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FIG. 2. Postpartum changes in BMD in women who
breastfed. Data were obtained from 36 lactating women
(mean age, 23.5 years) living in a socioeconomically dis-
advantaged region in India who had a history of prior
childbirth and were not receiving any medications known to
affect bone metabolism. Femoral neck and hip, lumbar
spine, whole body, and forearm measurements were avail-
able for 36, 35, 32, and 28 women, respectively. Data are
mean * standard error. Reproduced with permission from
Kulkarni et al.*
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Pregnancy, lactation, and fracture risk

The risk of fracture is generally low among premeno-
pausal women14; however, there are rare cases, estimated at
a prevalence of 4-8 per 1 million pregnancies, of preg-
nancy- and lactation-associated osteoporosis.*'*** Unlike
most premenopausal women, this small group of patients
are at increased immediate risk for fracture. As risk of
fracture naturally increases with age, most studies corre-
lating pregnancy and lactation with fracture risk do so in
postmenopausal women. Data from large, prospective ob-
servational studies do not indicate that pregnancy, parity,
lactation, or breastfeeding duration increases risk of frac-
ture later in life (Table 1). 4347 Indeed, there is evidence to
suggest that parity and breastfeeding may have a protective
effect, lowering the risk for hip fracture in postmenopausal
women,** ™

Overall, the evidence indicates that pregnancy and lacta-
tion result in transient decreases in BMD that do not worsen
risk of fracture later in life.

Effects of DMPA, GnRH Agonists,
and GnRH Antagonists on Bone Health

Depot medroxyprogesterone acetate

DMPA is a progestin-only contraceptive with a subcuta-
neously administered form that is used in the management of
endometriosis-associated pain. DMPA leads to greater sup-
pression of estradiol compared with other progestin-only
contraceptives, which results in a more pronounced effect on
bone metabolism.'® In premenopausal women aged 18 to 35
years who were first-time users of DMPA for contraception
(n=178), mean BMD decreases of 2.8% at the hip and 3.5%
at the spine were reported after 1 year of treatment and de-
creases of 5.8%—7.7% at the hip and 5.7%—6.4% at the spine
after 2 years of treatment.**** Although recovery of BMD
has been reported in some long-term studies,'® bone loss may
not be completely reversible.**>! Because of its effects on
BMD, prescribing information for DMPA recommends
limiting its use to 2 years.”® In a 2014 committee opinion
(reaffirmed in 2017), the American College of Obstetricians
and Gynecologists acknowledged BMD loss with DMPA and
noted that the effect on fracture risk later in life remains an
unanswered question; however, the committee concluded that
these observations ‘‘should not prevent practitioners from
prescribing DMPA or continuing use beyond 2 years.”>>

Multiple studies and meta-analyses have evaluated the
influence of DMPA on fracture risk; however, analyses that
include all skeletal fracture sites rather than those associated
with fragility provide little insight into the potential for
fracture related to low BMD. Among studies that focused on
osteoporosis-related fractures, there was a signal for a small
increase in fracture risk for DMPA users versus nonusers
(Table 2).>* Notably, data were derived predominantly
from younger populations, creating a skew toward premen-
opausal women. It remains to be determined what effect a
history of DMPA use has on fracture risk in postmenopausal
women.

The accumulated evidence suggests that decreases in BMD
observed with DMPA may translate into increased risk of
fracture in premenopausal women, a finding that necessitates
further study. As fracture risk appears to be greatest in current
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or recent DMPA users and declines with discontinuation of
therapy, exploration of fracture risk associated with past
DMPA use in postmenopausal women is warranted.

GnRH agonists

GnRH agonists are used in the treatment of multiple con-
ditions affecting premenopausal women, including endome-
triosis, uterine fibroids, and adenomyosis, as well as for
fertility preservation.'' After an initial flare of pituitary go-
nadotrophs, GnRH agonist administration profoundly re-
duces luteinizing hormone and follicle-stimulating hormone
levels, thereby suppressing estrogen and progesterone pro-
duction. This mechanism of action induces maximum
ovarian suppression, with associated side effects that in-
clude decreases in BMD.'! Sauerbrun-Cutler and Alvero''
reviewed the effects of GnRH agonists on bone loss and
fracture in 2019. They cite bone loss with GnRH agonists of
2%—-6% in total hip, lumbar spine, and proximal femur, with
partial to full recovery observed 1 year after treatment ces-
sation. Among GnRH agonists, differences have been ob-
served in the degree of effect on BMD. For example,
reductions in BMD during 6 months’ treatment with buser-
elin (=3.7%) in a small study of women with endometriosis or
uterine fibroids (N=27) were less than that observed with
leuprolide (-5.1%), a finding that is likely attributable to
differences in the extent of sex hormone suppression.’® To
mitigate the hypoestrogenic effects of GnRH agonists, in-
cluding reductions in BMD, they may be administered in
conjunction with add-back therapy to restore estrogen to a
level at which bone loss is prevented but endometrial tissue is
not stimulated.'’ Data from meta-analyses®’>® and recent
studies®”®° confirm that add-back therapy mitigates bone loss
associated with GnRH agonist treatment.

GnRH antagonists

GnRH antagonists, which offer the potential for partial
rather than complete suppression of the hypothalamic-
pituitary-ovarian axis, may differ from GnRH agonists with
regard to changes in BMD. The greatest body of evidence to
date for a GnRH antagonist used in the treatment of gyne-
cologic conditions in premenopausal women comes from
studies of elagolix. Over the course of treatment for 12
weeks to 24 months in randomized clinical trials, modest
(<1%—-4%), dose-dependent reductions in BMD at the total
hip, spine, and femoral neck have been observed with
elagolix at doses of 150 mg once daily/75 mg twice daily to
600 mg once daily/300 mg twice daily without add-back
therapy (Table 3).°'~%> As expected based on the mecha-
nism of action, the greatest reductions in BMD were ob-
served with the higher dose regimens. Further reductions in
BMD were observed in long-term extension studies;66
however, BMD was generally similar to or improved with
respect to on-treatment values in patients with post-
treatment measurements,®!-2-66-67

In head-to-head comparisons, changes in lumbar spine
BMD were similar during 24 weeks of treatment with ela-
golix 150mg once daily, elagolix 75mg twice daily, or
DMPA (104 mg/0.65 mL administered on weeks 1 and 12)°!
and greater during 12 weeks of treatment with monthly depot
leuprolide acetate 3.75 mg compared with elagolix 150 or
250mg once daily (Table 3).°® The difference in BMD
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TABLE 2. LISTING OF ARTICLES ASSESSING THE EFFECTS OF DEPOT MEDROXYPROGESTERONE
ACETATE ON OSTEOPOROTIC/FRAGILITY FRACTURE RiIsK

Study Population
Design Fracture type Effect on fracture risk
Meier et al.” Women aged 20-44 years with an Odds ratio for fracture (DMPA use vs. nonuse)
Matched incident fracture diagnosis between Current DMPA use
case—control 1995 and 2008 (N=17,527) and 1-2 prescriptions: 1.18 (95% CI 0.93 to 1.49)
stud matched controls (N=70,130)* 3-9 prescriptions: 1.36 (95% CI 1.15 to 1.60)
y Spi . . 210 prescriptions: 1.54 (95% CI 1.33 to 1.78)
pine, hip, wrist, or humerus fractures
Past DMPA use
1-2 prescriptions: 1.17 (95% CI 1.07 to 1.29)
3-9 prescriptions: 1.23 (95% CI 1.11 to 1.36)
210 prescriptions: 1.30 (95% CI 1.09 to 1.55)
Lanza et al.>* Women aged 15-50 years with >1 Fracture rates (per 1,000 person-years)
Observational prescription contraceptive record DMPA users: 0.2
cohort stud (N=312,395) DMPA nonusers: 0.2
y Axial fractures (vertebrae, hip Crude incident rate ratio: 0.95 (95% CI 0.74 to 1.23)
or pelvis)

Raine-Bennett et al.>> Women aged 12-45 years who initiated Fracture rates (per 1,000 person-years)

Retrospective DMPA (N=41,099), OCP

cohort study
Nontraumatic (fragility) fractures

(N=296,294), or an IUD (N=280,833)"

Overall: 5.5 (95% CI 5.4 to 5.6)
No DMPA use: 5.4 (95% CI 5.3 to 5.5)
Any DMPA use: 6.6 (95% CI 6.1 to 7.2)

Recent DMPA use
<2 years cumulative use: 6.7 (95% CI 6.1 to 7.4)
>2 years cumulative use: 7.8 (95% CI 6.0 to 10.0)

Past DMPA use
<2 years cumulative use: 6.1 (95% CI 5.2 to 7.2)
>2 years cumulative use: 5.0 (95% CI 1.8 to 11.0)

Any combined OCP use: 5.5 (95% CI 5.3 to 5.6)
Any progestin-only OCP use: 4.6 (95% CI 4.3 to 5.0)
Any IUD use: 5.7 (95% CI 5.4 to 5.9)

“Excluded women with conditions or history of medications known to affect bone metabolism.
DMPA, depot medroxyprogesterone acetate; IUD, intrauterine device; OCP, oral contraceptive pill.

reduction with leuprolide was attributed to greater estradiol
suppression; on-treatment estradiol concentrations were
significantly lower with leuprolide versus elagolix (median, 5
and 32 mg, respectively; p<0.001). In a multivariable re-
gression analysis, on-treatment concentration of estradiol
was significantly associated with changes in lumbar spine
BMD (p=0.019).

Add-back therapy has proved effective for mitigating hy-
poestrogenic effects associated with GnRH antagonists, in-
cluding changes in BMD (Table 3).°%%¢7% At month 6 in 2
identical, phase 3, randomized, placebo-controlled clinical tri-
als of elagolix in women with heavy menstrual bleeding and
uterine fibroids, differences in BMD reduction at most mea-
sured sites were statistically significant for elagolix 300 mg
twice daily alone compared with placebo (p <0.05), whereas
changes from baseline in mean BMD in patients receiving
elagolix 300 mg twice daily plus add-back therapy (1.0mg
estradiol/0.5 mg norethindrone acetate) were similar to the
placebo group.® Patients enrolled in these phase 3 trials had the
option of continuing treatment with elagolix or elagolix plus
add-back therapy in a 6-month extension study.®® After a total
of 12 months’ treatment, lumbar spine BMD decreased by 4.8 %
(95% confidence interval [CI] —5.4 to —4.1) with elagolix and
1.5% (95% CI —1.9 to —1.0) with elagolix plus add-back ther-

apy. Increases in BMD were observed 6 months post-treatment
in both groups and were maintained or further improved at 12
months post-treatment in patients who had received elagolix
without add-back therapy. An ongoing phase 3 clinical trial is
assessing the use of add-back therapy in conjunction with ela-
golix in women with endometriosis-associated pain.

One publication each was identified for the GnRH antag-
onists ASP1707, linzagolix, and relugolix (Table 3).°77" A
phase 2, dose-ranging clinical trial assessed the efficacy and
safety of ASP1707 3 to 15mg once daily compared with
placebo and monthly leuprolide acetate 3.75 mg in premen-
opausal women with endometriosis (N= 540).70 Decreases in
BMD at week 24 were observed in all active-treatment
groups; however, the magnitude of decrease in total hip and
spine BMD was significantly greater with leuprolide versus
ASP1707 (=1.2% to —2.3% vs. —3.9%; p <0.001). Notably,
median serum estradiol concentrations were lower in the
leuprolide treatment group than in any of the ASP1707 dose
groups. A phase 2b, dose-ranging clinical trial evaluated
linzagolix 50 to 200 mg/day in premenopausal women with
endometriosis.”" Modest, dose-dependent reductions in
lumbar spine BMD (1%-3%) were observed during the
24-week treatment period in patients who received linzagolix
doses of 75mg/day or higher. Two phase 3, randomized,
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1426 WATTS ET AL.
Vertebral Fractures Hip Fractures
30 T-score 30 T-score
-3.5
FIG. 3. Influence of age on Bj 25 1 25 1
fracture risk. Five-year ver- 2 20 . =30 -35
tebral (left panel) and hip e
(right panel) fracture risk 5 151 =23 4
with age and T-score based 8 20 -3.0
on data from the Study of L 10 15 10 - 25
Osteoporotic Fractures. 2 ; 2' 0
Reproduced with permission I 5 ~1.0 5 - 8
from Cummings et al. _____/_____________ A0
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Age, Years

placebo-controlled clinical trials compared relugolix 40 mg
once daily administered with add-back therapy (1.0 mg es-
tradiol/0.5 mg norethindrone) at the start of treatment (im-
mediate add-back) or initiated after 12 weeks of monotherapy
(delayed add-back) in premenopausal women with heavy
menstrual bleeding and uterine fibroids.®® During the first 12
weeks of treatment, total hip and lumbar spine BMD de-
creased by 1% and 2%, respectively, in the delayed add-back
therapy group, and minimal decreases in lumbar spine BMD
were observed in the immediate add-back therapy group.
Initiation of estradiol and norethindrone acetate halted fur-
ther BMD loss in the delayed add-back therapy group but did
not reverse prior BMD decreases. No data on the reversibility
of changes in BMD were reported for ASP1707, linzagolix,
or relugolix.

There is currently a lack of data on short- or long-term
fracture risk associated with GnRH antagonist use in pre-
menopausal women.

Age, Years

Clinical Perspective

Premenopausal women have a low baseline risk of fracture
(Fig. 3)."* Risk of fracture roughly doubles for every decade of
life after age 50 years.”” Therefore, when assessing the
downstream sequelae of reductions in BMD due to life events
or use of pharmacologic therapies, the premenopausal and
postmenopausal epochs warrant separate evaluation. For pre-
menopausal women, the available data indicate that although
pregnancy and lactation stress the calcium economy and reduce
BMD,** this appears to not translate into adverse skeletal
consequences in their younger years, except in exceedingly rare
cases (Table 4). Studies of DMPA users, however, suggest that
fracture risk is slightly elevated among premenopausal wom-
en.”>>> For GnRH agonists and GnRH antagonists, clinical
trials have not shown an increase in fracture risk, but the sample
size, duration of follow-up, and low baseline risk of the study
populations limit the ability to detect rare fracture events.

TABLE 4. SUMMARY OF EFFECTS ON BONE MINERAL DENSITY AND FRACTURE RISK

Exposure Change in BMD BMD recovery  Effect on fracture risk
Pregnancy®**2%+47 |l <1%-9% Full Does not increase fracture risk
Parity may have a protective effect on hip
fracture risk in postmenopausal women
Lactation®23-25:32-37.44-47 1 1%-8% Full Does not increase fracture risk

Breastfeeding may have a protective
effect on hip fracture risk in
postmenopausal women

DMPA use®-3153-53 | 3%—4% (1 year)

|l 6%—-8% (2 years)

Partial to full Signal for a small increase in
fragility/osteoporotic fracture risk in

premenopausal women
Data needed for postmenopausal women

11,57-60

GnRH agonist use 1 2%—6% Partial to full Insufficient data
Mitigated by add-back
therapy
GnRH antagonist | <1%—-4% Partial to full Insufficient data
use® 7! (6 months) Longer term

1l 1%-5% (1 year)
Dose dependent; mitigated
by add-back therapy

data needed
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Moreover, clinical trials typically excluded women with
T-scores or Z-scores less than —1.5 or who had conditions than
can be associated with decreased BMD, thus omitting patients
who may have a baseline elevated risk.

In postmenopausal women, data indicate no increased
fracture risk associated with prior pregnancy or lactation and
are insufficient for DMPA and GnRH agonists or antagonists.
To assess the potential for later life fracture risk associated
with GnRH antagonist use, a recent modeling study used data
from phase 3 clinical trials of elagolix to simulate treatment
effects in women ages 50 to 79 years of age.”> Results of
this modeling analysis revealed only a minimal effect of
treatment on the 10-year risk of major osteoporotic fracture
or hip fracture and a slight increase in the projected propor-
tion of women reaching risk-based thresholds for anti-
osteoporotic treatment. Based on these findings, we would
not anticipate that modest on-treatment changes in BMD
warrant concern regarding later life fracture risk. Notably, the
studies on which the fracture risk model was based did not
include add-back therapy. With the mitigating effects of add-
back therapy on BMD reductions, the combination of GnRH
agonists or antagonists with add-back therapy would be ex-
pected to have an even smaller effect on fracture risk.

Given the observations described in this review, is BMD
monitoring necessary in premenopausal women who have
experienced pregnancy or lactation or used medications as-
sociated with bone loss? Professional societies do not currently
recommend BMD testing for premenopausal women without
risk factors.'>"*7> As a population, the risk of fracture is low in
premenopausal women, even in subgroups with risk factors
such as medication use.>*>> Moreover, percent changes from
baseline in BMD observed with DMPA and GnRH antagonist
use are modest, particularly during short-term treatment, and
may not be detectable at the individual level due to the innate
variability of densitometry (Table 4). Post-treatment group
level data also indicate at least partial BMD recovery after
treatment cessation. In addition, the amount of drug-induced
bone loss that is tolerable without reaching treatment thresh-
olds later in life varies at the individual level due to differences
in starting bone mass (i.e., the impact of bone loss will be less
for patients with higher peak bone mass)."

Osteoporosis screening with BMD measurement is re-
commended in the United States for postmenopausal women,
beginning at age 65 years,*'>"’* as BMD measurement has its
greatest prognostic value for short-term osteoporotic fracture
risk in older women. Earlier BMD assessment (at menopause
or perimenopause) is suggested for women with risk factors
such as family history of osteoporosis, low body mass, prior
fracture, current smoking, excessive alcohol use, loss of
height, and use of high-risk medications associated with re-
ductions in BMD (e.g., glucocorticoids [risk by dose and
duration discussed by Leib et al.”], antiepileptic drugs, ar-
omatase inhibitor therapy, chronic heparin). Women found to
be at high risk of fracture due to a BMD T-score of —2.5 or
less, a BMD T-score of —1 to —2.5 with a calculated 10-year
risk of 23% for hip fracture or 220% for major osteoporosis-
related fracture, or a recent fracture thought to be related to
osteoporosis are candidates for pharmacologic therapy to
reduce fracture risk.”’~’® Repeat DXA for monitoring would
be indicated for women who are nearing an intervention
threshold but is probably not necessary for those with BMD
that is average or well above average.
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Conclusions

Pregnancy, lactation, and exposure to agents that may affect
bone (e.g., contraceptives, glucocorticoids, antidiabetic medi-
cations, antiepileptic drugs) are a common experience among
premenopausal women. The reductions in BMD associated
with pregnancy, lactation, or medications, including GnRH
agonists or GnRH antagonists, are modest, transient, and un-
likely to increase fracture risk in premenopausal women.
However, modest increases in fracture risk with current or past
DMPA use have been observed in premenopausal women. As
fracture risk in premenopausal women is low, the absolute risk
remains small. At the individual level, monitoring BMD via
DXA would generally not be informative because the magni-
tude of change is within the range of measurement variability
and there is no established threshold for defining a BMD de-
crease that signals elevated fracture risk in premenopausal
women. Further studies are needed to determine the effect of
premenopausal changes in BMD on fracture risk later in life.

Authors’ Contributions

All of the authors were involved in the conception and
design of the article and in the interpretation of the data. The
authors reviewed and revised article drafts, approved the
article version that was submitted for publication, and take
responsibility for the accuracy and integrity of the work.

Author Disclosure Statement

N.B.W. served as a consultant for AbbVie and ObsEva and is
a speaker for Amgen and Radius. A.A. has received research
support from the National Institutes of Health and has served as
a consultant for AbbVie, Myovant, Bayer, ObsEva, and No-
vartis. N.B. has received research support from Radius and GE
Healthcare and has served as a consultant for Amgen. C.D.O.
and M.S. are employees of AbbVie. E.E.P. has received re-
search support from AbbVie, Bayer, and ObsEva and has
served as a consultant for Femasys. J.A.S. has received research
support from AbbVie, Bayer Healthcare LLC., Myovant, Ob-
sEva SA, Sebele Pharmaceuticals, Inc., and Viveve Medical.
He has served as a consultant for Bayer HealthCare Pharma-
ceuticals, Inc., Camargo Pharmaceutical Services, LLC, Cov-
ance, Inc., Dare’ Bioscience, DEKA M.E.L.A S.r.1., Femasys,
Inc., KaNDy/NeRRe Therapeutics Ltd., Madorra Pty Ltd.,
Mitsubishi Tanabe Pharma Development America, Inc., Se-
bela Pharmaceuticals, Inc., and Sprout Pharmaceuticals,
Inc. He has also served on speakers’ bureaus for Ther-
apeuticsMD and is a stockholder in Sermonix Pharmaceu-
ticals. W.D.S. has received research support from AbbVie and
has served as a consultant for AbbVie, including the Uterine
Disorders National Steering Committee.

Funding Information

Medical writing support for development of this article
was funded by AbbVie, Inc., and was provided by Crystal
Murcia, PhD, and Kersten Reich, MPH, CMPP, of JB Ashtin.

References

1. Zemel BS, Kalkwarf HJ, Gilsanz V, et al. Revised reference
curves for bone mineral content and areal bone mineral
density according to age and sex for black and non-black



1428

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

children: Results of the bone mineral density in childhood
study. J Clin Endocrinol Metab 2011;96:3160-3169.

. Salari P, Abdollahi M. The influence of pregnancy and

lactation on maternal bone health: A systematic review.
J Family Reprod Health 2014;8:135-148.

. American College of Radiology. ACR-SPR-SSR practice

parameter for the performance of dual-energy X-ray ab-
sorptiometry (DXA). 2018. Available at: https://www.acr
.org/-/media/ ACR/Files/Practice-Parameters/DXA.pdf; ac-
cessed February 11, 2021.

. Watts NB. Adverse bone effects of medications used to

treat non-skeletal disorders. Osteoporos Int 2017;28:2741—
2746.

. Nguyen KD, Bagheri B, Bagheri H. Drug-induced bone

loss: A major safety concern in Europe. Expert Opin Drug
Saf 2018;17:1005-1014.

. Mori T, Ishii S, Greendale GA, et al. Parity, lactation, bone

strength, and 16-year fracture risk in adult women: Find-
ings from the Study of Women’s Health Across the Nation
(SWAN). Bone 2015;73:160-166.

. Jeng CJ, Chuang L, Shen J. A comparison of progestogens

or oral contraceptives and gonadotropin-releasing hormone
agonists for the treatment of endometriosis: A systematic
review. Expert Opin Pharmacother 2014;15:767-773.

. Nieves JW, Ruffing JA, Zion M, et al. Eating disorders,

menstrual dysfunction, weight change and DMPA use
predict bone density change in college-aged women. Bone
2016;84:113-119.

. Lopez LM, Chen M, Mullins Long S, Curtis KM, Hel-

merhorst FM. Steroidal contraceptives and bone fractures
in women: Evidence from observational studies. Cochrane
Database Syst Rev 2015;8:CD009849.

Isley MM. Progestin-only contraception and bone health.
Curr Obstet Gynecol Rep 2017;6:94-99.

Sauerbrun-Cutler MT, Alvero R. Short- and long-term im-
pact of gonadotropin-releasing hormone analogue treatment
on bone loss and fracture. Fertil Steril 2019;112:799-803.
Langdahl BL. Osteoporosis in premenopausal women. Curr
Opin Rheumatol 2017;29:410-415.

Binkley N, Besuyen R, Fuerst T, Skillern L, Hans D. Is
drug-induced bone loss acceptable in premenopausal
women? A practical fracture risk modeling exercise. Os-
teoporos Int 2017;28:3501-3513.

Cummings SR, Bates D, Black DM. Clinical use of bone
densitometry: Scientific review. JAMA 2002;288:1889—
1897.

The International Society for Clinical Densitometry
(ISCD). 2019 ISCD Official Positions, 2019. Available at:
www.ISCD.org Accessed May 18, 2020.

Walker MD, Bilezikian JP. Racial differences in bone
density and fracture risk in the United States. Int J Rheum
Dis 2008;11:341-346.

Rajamanohara R, Robinson J, Rymer J, Patel R, Fogelman
I, Blake GM. The effect of weight and weight change on
the long-term precision of spine and hip DXA measure-
ments. Osteoporos Int 2011;22:1503-1512.
Gillette-Guyonnet S, Andrieu S, Nourhashemi F, Cantet C,
Grandjean H, Vellas B. Comparison of bone mineral den-
sity and body composition measurements in women ob-
tained from two DXA instruments. Mech Ageing Dev
2003;124:317-321.

World Health Organization. Guidelines for preclinical
evaluation and clinical trials in osteoporosis. Geneva,
Switzerland: World Health Organization, 1998.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

WATTS ET AL.

National Clinical Guideline Centre. Osteoporosis: fragility
fracture risk. NICE short clinical guideline—CG146.
London, United Kingdom: National Clinical Guideline
Centre, 2012.

Gehlbach S, Saag KG, Adachi JD, et al. Previous fractures
at multiple sites increase the risk for subsequent fractures:
The Global Longitudinal Study of Osteoporosis in Women.
J Bone Miner Res 2012;27:645-653.

Salles JP. Bone metabolism during pregnancy. Ann En-
docrinol (Paris) 2016;77:163—-168.

Matsumoto I, Kosha S, Noguchi S, et al. Changes of bone
mineral density in pregnant and postpartum women.
J Obstet Gynaecol (Tokyo 1995) 1995;21:419-425.
Kolthoff N, Eiken P, Kristensen B, Nielsen SP. Bone
mineral changes during pregnancy and lactation: A longi-
tudinal cohort study. Clin Sci (Lond) 1998;94:405-412.
More C, Bettembuk P, Bhattoa HP, Balogh A. The effects
of pregnancy and lactation on bone mineral density. Os-
teoporos Int 2001;12:732-737.

Fiore CE, Pennisi P, DiStefano A, Riccobene S, Caschetto
S. Pregnancy-associated changes in bone density and bone
turnover in the physiological state: Prospective data on
sixteen women. Horm Metab Res 2003;35:313-318.

Kaur M, Pearson D, Godber I, Lawson N, Baker P, Hosking
D. Longitudinal changes in bone mineral density during
normal pregnancy. Bone 2003;32:449-454.

Ulrich U, Miller PB, Eyre DR, Chesnut CH, III, Schlebusch
H, Soules MR. Bone remodeling and bone mineral density
during pregnancy. Arch Gynecol Obstet 2003;268:309-316.
Carlin AJ, Farquharson RG, Quenby SM, Topping J, Fraser
WD. Prospective observational study of bone mineral
density during pregnancy: Low molecular weight heparin
versus control. Hum Reprod 2004;19:1211-1214.

Tsvetov G, Levy S, Benbassat C, Shraga-Slutzky I, Hirsch
D. Influence of number of deliveries and total breast-
feeding time on bone mineral density in premenopausal and
young postmenopausal women. Maturitas 2014;77:249—
254,

Song SY, Kim Y, Park H, Kim YJ, Kang W, Kim EY.
Effect of parity on bone mineral density: A systematic re-
view and meta-analysis. Bone 2017;101:70-76.

Kulkarni B, Shatrugna V, Nagalla B, Ajeya Kumar P, Usha
Rani K, Chandrakala Omkar A. Maternal weight and lean
body mass may influence the lactation-related bone chan-
ges in young undernourished Indian women. Br J Nutr
2009;101:1527-1533.

Honda A, Kurabayashi T, Yahata T, Tomita M, Takakuwa
K, Tanaka K. Lumbar bone mineral density changes during
pregnancy and lactation. Int J Gynaecol Obstet 1998;63:
253-258.

Holmberg-Marttila D, Sievanen H, Tuimala R. Changes in
bone mineral density during pregnancy and postpartum:
Prospective data on five women. Osteoporos Int 1999;10:
41-46.

Akesson A, Vahter M, Berglund M, Eklof T, Bremme K,
Bjellerup P. Bone turnover from early pregnancy to post-
weaning. Acta Obstet Gynecol Scand 2004;83:1049-1055.
Costa ML, Krupa FG, Rehder PM, Sousa MH, Costa-Paiva
L, Cecatti JG. Forearm bone mineral density changes dur-
ing postpartum and the effects of breastfeeding, amenor-
rhea, body mass index and contraceptive use. Osteoporos
Int 2012;23:1691-1698.

Kajale NA, Khadilkar VV, Mughal Z, Chiplonkar SA,
Khadilkar AV. Changes in body composition of Indian


https://www.acr.org/-/media/ACR/Files/Practice-Parameters/DXA.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/DXA.pdf
http://www.ISCD.org

BMD CHANGES IN PREMENOPAUSAL WOMEN

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

lactating women: A longitudinal study. Asia Pac J Clin
Nutr 2016;25:556-562.

Chowdhury R, Sinha B, Sankar MJ, et al. Breastfeeding and
maternal health outcomes: A systematic review and meta-
analysis. Acta Paediatr 2015;104:96-113.

Lebel E, Mishukov Y, Babchenko L, Samueloff A, Zimran
A, Elstein D. Bone mineral density in gravida: Effect of
pregnancies and breast-feeding in women of differing ages
and parity. J Osteoporos 2014;2014:897182.

Lima NP, Bassani DG, Silva B, et al. Association of
breastfeeding, maternal anthropometry and body composi-
tion in women at 30 years of age. Cad Saude Publica 2019;
35:¢00122018.

Kovacs CS, Ralston SH. Presentation and management of
osteoporosis presenting in association with pregnancy or
lactation. Osteoporos Int 2015;26:2223-2241.

Gehlen M, Lazarescu AD, Hinz C, et al. Long-term out-
come of patients with pregnancy and lactation-associated
osteoporosis (PLO) with a particular focus on quality of
life. Clin Rheumatol 2019;38:3575-3583.

Kauppi M, Heliovaara M, Impivaara O, Knekt P, Jula A.
Parity and risk of hip fracture in postmenopausal women.
Osteoporos Int 2011;22:1765-1771.

Bjornerem A, Ahmed LA, Jorgensen L, Stormer J, Joa-
kimsen RM. Breastfeeding protects against hip fracture in
postmenopausal women: The Tromso study. J Bone Miner
Res 2011;26:2843-2850.

Crandall CJ, Liu J, Cauley J, et al. Associations of
parity, breastfeeding, and fractures in the Women’s
Health Observational Study. Obstet Gynecol 2017;130:
171-180.

Shimizu Y, Sawada N, Nakamura K, et al. Menstrual and
reproductive factors and risk of vertebral fractures in
Japanese women: The Japan Public Health Center-based
prospective (JPHC) study. Osteoporos Int 2018;29:2791—
2801.

Cooke-Hubley S, Gao Z, Mugford G, et al. Parity and
lactation are not associated with incident fragility fractures
or radiographic vertebral fractures over 16 years of follow-
up: Canadian Multicentre Osteoporosis Study (CaMos).
Arch Osteoporos 2019;14:49.

Clark MK, Sowers MR, Nichols S, Levy B. Bone mineral
density changes over two years in first-time users of depot
medroxyprogesterone acetate. Fertil Steril 2004;82:1580—
1586.

Clark MK, Sowers M, Levy B, Nichols S. Bone mineral
density loss and recovery during 48 months in first-time
users of depot medroxyprogesterone acetate. Fertil Steril
2006;86:1466—1474.

Depo-SubQ provera 104 (medroxyprogesterone acetate)
[prescribing information]. New York, NY: Pharmacia &
Upjohn Co, 2019.

Kaunitz AM, Miller PD, Rice VM, Ross D, McClung MR.
Bone mineral density in women aged 25-35 years receiving
depot medroxyprogesterone acetate: Recovery following
discontinuation. Contraception 2006;74:90-99.

American College of Obstetricians and Gynecologists.
Committee Opinion No. 602: Depot medroxyprogesterone
acetate and bone effects. Obstet Gynecol 2014;123:1398—
1402.

Meier C, Brauchli YB, Jick SS, Kraenzlin ME, Meier
CR. Use of depot medroxyprogesterone acetate and
fracture risk. J Clin Endocrinol Metab 2010;95:4909—
4916.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

1429

Lanza LL, McQuay LJ, Rothman KJ, et al. Use of depot
medroxyprogesterone acetate contraception and incidence
of bone fracture. Obstet Gynecol 2013;121:593-600.
Raine-Bennett T, Chandra M, Armstrong MA, Alexeeff S,
Lo JC. Depot medroxyprogesterone acetate, oral contra-
ceptive, intrauterine device use, and fracture risk. Obstet
Gynecol 2019;134:581-5809.

Makita K, Ishitani K, Ohta H, Horiguchi F, Nozawa S.
Long-term effects on bone mineral density and bone me-
tabolism of 6 months’ treatment with gonadotropin-
releasing hormone analogues in Japanese women: Com-
parison of buserelin acetate with leuprolide acetate. J Bone
Miner Metab 2005;23:389-394.

Farmer JE, Prentice A, Breeze A, et al. Gonadotrophin-
releasing hormone analogues for endometriosis: Bone
mineral density. Cochrane Database Syst Rev 2003;4:
CD001297.

Wu D, Hu M, Hong L, et al. Clinical efficacy of add-back
therapy in treatment of endometriosis: A meta-analysis.
Arch Gynecol Obstet 2014;290:513-523.

Agarwal SK, Daniels A, Drosman SR, et al. Treatment of
endometriosis with the GnRHa deslorelin and add-back
estradiol and supplementary testosterone. Biomed Res Int
2015;2015:934164.

Seo JW, Lee DY, Kim SE, Yoon BK, Choi D. Comparison
of long-term use of combined oral contraceptive after
gonadotropin-releasing hormone agonist plus add-back
therapy versus dienogest to prevent recurrence of ovarian
endometrioma after surgery. Eur J Obstet Gynecol Reprod
Biol 2019;236:53-57.

Carr B, Dmowski WP, O’Brien C, et al. Elagolix, an oral
GnRH antagonist, versus subcutaneous depot medrox-
yprogesterone acetate for the treatment of endometriosis:
Effects on bone mineral density. Reprod Sci 2014;21:1341—
1351.

Diamond MP, Carr B, Dmowski WP, et al. Elagolix
treatment for endometriosis-associated pain: Results from a
phase 2, randomized, double-blind, placebo-controlled
study. Reprod Sci 2014;21:363-371.

Taylor HS, Giudice LC, Lessey BA, et al. Treatment of
endometriosis-associated pain with elagolix, an oral GnRH
antagonist. N Engl J Med 2017;377:28-40.

Carr BR, Stewart EA, Archer DF, et al. Elagolix alone or
with add-back therapy in women with heavy menstrual
bleeding and uterine leiomyomas: A randomized controlled
trial. Obstet Gynecol 2018;132:1252-1264.

Schlaff WD, Ackerman RT, Al-Hendy A, et al. Elagolix for
heavy menstrual bleeding in women with uterine fibroids.
N Engl J Med 2020;382:328-340.

Surrey E, Taylor HS, Giudice L, et al. Long-term out-
comes of elagolix in women with endometriosis: Results
from two extension studies. Obstet Gynecol 2018;132:
147-160.

Simon JA, Al-Hendy A, Archer DF, et al. Elagolix treat-
ment for up to 12 months in women with heavy menstrual
bleeding and uterine leiomyomas. Obstet Gynecol 2020;
135:1313-1326.

Ettinger B, Dmowski WP, O’Brien C, et al. The effect of
elagolix, a novel, orally active GnRH antagonist, on bone
mineral density (BMD) in women with endometriosis.
Endocr Rev 2012;33:11-11057.

Al-Hendy A, Lukes AS, Poindexter AN, 3rd, et al. Treat-
ment of uterine fibroid symptoms with relugolix combina-
tion therapy. N Engl J Med 2021;384:630-642.



1430

70.

71.

72.

73.

74.

75.

76.

D’Hooghe T, Fukaya T, Osuga Y, et al. Efficacy and safety
of ASP1707 for endometriosis-associated pelvic pain: The
phase II randomized controlled TERRA study. Hum Re-
prod 2019;34:813-823.

Donnez J, Taylor HS, Taylor RN, et al. Treatment of
endometriosis-associated pain with linzagolix, an oral
gonadotropin-releasing hormone-antagonist: A randomized
clinical trial. Fertil Steril 2020;114:44-55.

Bonafede M, Shi N, Barron R, Li X, Crittenden DB,
Chandler D. Predicting imminent risk for fracture in pa-
tients aged 50 or older with osteoporosis using US claims
data. Arch Osteoporos 2016;11:26.

Kilpatrick RD, Chiuve SE, Leslie WD, et al. Estimating the
effect of elagolix treatment for endometriosis on post-
menopausal bone outcomes: A model bridging phase III
trials to an older real-world population. JBMR Plus 2020;4:
e10401.

US Preventive Services Task Force, Curry SJ, Krist AH,
et al. Screening for osteoporosis to prevent fractures: US
Preventive Services Task Force recommendation statement.
JAMA 2018;319:2521-2531.

Committee on Gynecologic Practice, American College of
Obstetricians and Gynecologists. ACOG committee opin-
ion #270. Bone density screening for osteoporosis. Obstet
Gynecol 2002;99:523-525.

Leib ES, Saag KG, Adachi JD, et al. Official Positions for
FRAX® clinical regarding glucocorticoids: The impact of

7.

78.

79.

WATTS ET AL.

the use of glucocorticoids on the estimate by FRAX® of the
10 year risk of fracture from Joint Official Positions De-
velopment Conference of the International Society for
Clinical Densitomet%r and International Osteoporosis
Foundation on FRAX™. J Clin Densitom 2011;14:212-219.
Watts NB. Postmenopausal osteoporosis: A clinical review.
J Womens Health (Larchmt) 2018;27:1093—-1096.

Eastell R, Rosen CJ, Black DM, Cheung AM, Murad MH,
Shoback D. Pharmacological management of osteoporosis
in postmenopausal women: An Endocrine Society* clinical
practice guideline. J Clin Endocrinol Metab 2019;104:
1595-1622.

Shoback D, Rosen CJ, Black DM, Cheung AM, Murad
MH, Eastell R. Pharmacological management of osteopo-
rosis in postmenopausal women: An Endocrine Society
guideline update. J Clin Endocrinol Metab 2020;105:
dgaa048.

Address correspondence to:

Nelson B. Watts, MD

Mercy Health Osteoporosis and Bone Health Services
4760 East Galbraith Road, Suite 212

Cincinnati, OH 45236

USA

E-mail: nelson.watts @hotmail.com



	Bone Mineral Density Changes Associated With Pregnancy, Lactation, and Medical Treatments in Premenopausal Women and Effects Later in Life.
	Let us know how access to this document benefits you
	Authors

	Bone Mineral Density Changes Associated With Pregnancy, Lactation, and Medical Treatments in Premenopausal Women and Effects Later in Life

