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ABSTRACT

Rapid bone loss and substantial deterioration of bone microarchitecture occur during late perimenopause and early
postmenopause, an interval termed transmenopause, contributing significantly to the development of postmenopausal
osteoporosis. Low body weight and low bone mineral density at the onset of perimenopause accurately identify women
at high risk of developing osteoporosis. Screening women as they enter perimenopause allows identification of those
high-risk patients for whom therapy with either estrogen or low-dose bisphosphonates should be considered to prevent
menopause-related bone loss. Each of these options has advantages and limitations, and the choice must be individu-
alized. Following therapy to prevent rapid transmenopausal bone loss, a lifelong strategy to preserve bone density and
prevent the development of osteoporosis and high fracture risk is necessary.
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Introduction

Estrogen is an important regulator of bone metabolism !
and is required for the large increase in bone mass that occurs
at puberty in both sexes 1. Estrogen deficiency in women is
associated with an upregulation of RANK ligand and a reduc-
tion in osteoprotogerin, resulting in increased bone remodeling,
dominated by increased osteoclastic bone resorption. An inter-
val of rapid bone loss related to the menopausal decline in
estrogen levels occurs across menopause stages, beginning in
perimenopause and extending variably in individuals for sever-
al years after the final menstrual period (FMP). We will define
this general interval of rapid bone loss as transmenopause. It
is this transmenopausal bone loss that may ultimately result in
osteoporosis and high fracture risk .

Is preventing transmenopausal
bone loss important?

During transmenopause, greater bone loss and damage to
bone structure occur than at any other time in a woman’s life,
making this a unique opportunity to decrease the risk of oste-
oporosis. The effects of natural menopause on skeletal health
were characterized by the Study of Women’s Health Across the
Nation (SWAN) in which 3302 American premenopausal or
early perimenopausal women aged 42-52 years were followed
before and for several years after the FMP. Bone mineral den-
sity (BMD) of the lumbar spine (LS) and proximal femur was
measured by dual-energy X-ray absorptiometry (DXA) annual-
ly at 5 of the 7 study sites *#. Bone loss began 2—3 years before
the final menstrual period (FMP) and accelerated during the
interval from 1 year before until 2 years after the FMP. Over the
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interval of 5 years before until 5 years after the FMP, the aver-
age decreases in LS and femoral neck (FN) BMD were 10.8%
and 9.1%, respectively, corresponding to T-score decreases of
1.0 at the LS and 0.83 at the FN. Moreover, by the time the
diagnosis of menopause was made (12 months after the FMP),
half of the bone loss recorded in the LS by 5 years post-FMP,
and one-third of that in the FN, had already occurred. These
results are consistent with the observed rapid loss of 3.3% and
1.9% in LS and FN BMD, respectively, over 12 months in a co-
hort of perimenopausal women ). When estrogen deficiency is
acute, due to oophorectomy, chemotherapy, disease, or anti-es-
trogen therapy, bone loss may be even more rapid—as much as
2.6% in 6 months and >6% over 24 months %1,

Rapid deterioration of trabecular bone microarchitecture
during transmenopause has been demonstrated by bone biopsy
and trabecular bone score (TBS). BMD measurement by DXA
and transiliac biopsies were performed at baseline and at 1 year
in a placebo group of women (mean age 52 years) at 2.8 years
post-FMP Pl LS BMD decreased by 3.3% while trabecular
bone volume and trabecular connectivity decreased by 20.3%
and 13.1%, respectively. In SWAN, TBS, an indirect measure
of trabecular microarchitecture, decreased by 6.3% from 5
years before until 5 years after the FMP %, These transmen-
opausal changes in BMD and TBS, accounting for 40-50% of
the total changes observed between premenopause and age 80
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years, are important contributors to the development of post-
menopausal osteoporosis and related fractures.

Based on the SWAN and the US National Health and Nu-
trition Examination Survey, American women who approach
menopause with an average total hip (TH) BMD value (T-score
= 0) would be predicted to meet the BMD criteria for osteo-
porosis (T-score -2.5) at a mean age of about 82 years, after
losing 28-30% of their bone mass. In contrast, women with a
peak bone mass 1 standard deviation below average (T-score
-1.0) would be predicted to meet the criteria for osteoporosis
at about age 64 years, after a decrease of only 18%. Consistent
with these predictions, 13.1% of American women aged 50-64
had osteoporosis based on BMD testing "',

Can transmenopausal bone loss
be prevented?

For more than 30 years, estrogen, tibolone, and low-dose
bisphosphonate therapy have been known to prevent postmen-
opausal bone loss, and both estrogen and bisphosphonates are
also recognized to prevent perimenopausal bone loss #1217,
Drugs approved in North America for preventing postmeno-
pausal bone loss are listed in Table I. Note that doses of alen-
dronate and zoledronate approved for prevention of bone loss
are half the doses used for treating osteoporosis.

Treatment options to prevent
transmenopausal bone loss

General measures

Medical societies emphasize the roles of good nutrition (es-
pecially adequate intakes of calcium and vitamin D), regular
physical activity, and avoidance of unhealthy habits such as
smoking in the prevention of osteoporosis but rarely discuss
the use of drugs to prevent bone loss. Although general health
measures are appropriate for all postmenopausal women, they
do not prevent the rapid transmenopausal bone loss related to
estrogen deficiency. BMD is not associated with calcium intake
in women aged 40-60 "8l In SWAN, average dietary calcium
intake was about 750 mg daily, and taking at least 300 mg of
a calcium supplement daily was not associated with either less
bone loss or fewer fractures in early perimenopausal women
(201, Tn young postmenopausal women, rates of bone loss over 2
years were not influenced by daily calcium intake *'!. A system-
atic review found that Tai Chi, endurance training, and strength
training did not prevent loss of BMD in perimenopausal wom-
en 2. In SWAN, vigorous leisure time activity reduced the rate
of FN BMD decline from 1.5% to 1.3% per year but did not
prevent transmenopausal bone loss 1.

Estrogen(s)

Both oral and transdermal estrogen prevent postmenopausal
bone loss in a dose-dependent manner 322 In early post-
menopausal women, BMD increased with daily doses up to 2.0
mg of oral estradiol and 0.1 mg of transdermal estradiol with
progressively smaller proportions of women experiencing bone
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loss as doses increased **?%1. These larger estrogen doses may
be required during the period of rapid transmenopausal bone
loss or in the presence of acute estrogen deficiency, after which
smaller doses appear capable of maintaining BMD. Conjugat-
ed estrogen given alone or with either medroxyprogesterone
acetate or micronized progesterone induced similar changes in
BMD, whereas the androgenic progestin norethindrone acetate
provided small additional BMD benefits when given with es-
tradiol ">, In the low-fracture-risk population of the Wom-
en’s Health Initiative, conjugated estrogen, with or without a
progestin, reduced clinical fracture risk by more than 24% with
reductions in hip and spine fracture of about 35% 278,

In perimenopausal women, combined continuous oral con-
traceptives preserve BMD while providing contraception, inhi-
bition of ovarian hormone production, and control of irregular
bleeding Y. The BMD response was similar with oral contra-
ceptives containing 20 mcg ethinyl estradiol and different pro-
gestins . When contraception is no longer needed, switching
to standard menopausal hormone therapy is appropriate.

Bone protection persists as long as estrogen is given, but
bone density and fracture protection are quickly lost when
therapy is discontinued P**!J. Women who discontinue estrogen
therapy should transition to low-dose alendronate or zoledro-
nate for 2-3 years to maintain the skeletal benefit %!,

Previous breast cancer is the most common contraindica-
tion to estrogen therapy. A two-fold increased risk of venous
thrombosis and very rare pulmonary embolism occur with oral
but not transdermal estrogen therapy 1**. The overall benefit/risk
profile of estrogen begun within 10 years of menopause in the
Women'’s Health Initiative studies was favorable P#. For women
over the age of 60 or more than 10 years postmenopause, an
individualized evaluation of risks and benefits is appropriate.

Selective estrogen receptor modulators (SERMs)
Raloxifene and bazedoxifene have weak estrogen-like effects
on bone while inhibiting estrogen action in the breast and en-
dometrium. Raloxifene 60 mg daily and a combination treat-
ment—bazedoxifene 20 mg/conjugated estrogen 0.45 mg—are
both approved for preventing postmenopausal bone loss in the
United States. These drugs induce small increases (1-2%) in
bone density over 1-3 years >l However, neither treatment
has been evaluated in perimenopausal women. Because ralox-
ifene may increase vasomotor symptoms and SERMs do not
provide contraception or suppression of ovarian hormone se-
cretion, they are not appropriate for preventing perimenopausal
bone loss but may have roles in the long-term management of
postmenopausal women.

Bisphosphonates

Four nitrogen-containing bisphosphonates are available for os-
teoporosis prevention, based on studies showing a 5-6% im-
provement in LS BMD over 24 months of therapy compared
with placebo in early postmenopausal women (Table I). No di-
rect comparisons have been made among the bisphosphonates
when used for prevention. Postmenopausal use of alendronate
5 mg daily was compared to menopausal hormone therapy
(conjugated estrogen 0.625 mg or oral estradiol 2 mg daily,
with a progestin in the women with a uterus). After 4 years of
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alendronate, LS and TH BMD increased by 3.5% and 2.9%,
respectively, while women in the placebo group experienced
losses of 2.9% at the LS and 1.5% at the TH ’!. In women ran-
domized to conjugated equine estrogen or estradiol, increases
in LS BMD were 5.1% and 7.5%, respectively, while increases
of 2.9% and 4.8% were seen at the TH. BMD changes after
6 years of continuous alendronate were similar to the 4-year
results 8. Intravenous zoledronate given every 2 years or less
frequently prevents postmenopausal bone loss 122401,

Oral bisphosphonates are contraindicated in women with
swallowing disorders, including esophageal stricture and acha-
lasia, while zoledronate is contraindicated in women with se-
riously impaired renal function 1. Continuous oral bisphos-
phonate use for more than 5 years is associated with rare but
important adverse events including osteonecrosis of the jaw
and atypical femoral fracture.

When should screening occur?

If transmenopausal bone loss is to be prevented, interven-
tion should begin in perimenopause, before the onset of rapid
bone loss. Consequently, assessment must occur at the onset of
perimenopause to identify the subset of women at high risk of
developing osteoporosis. In SWAN, the strongest predictors of
developing osteoporosis by the 10-year follow-up visit were
low body weight and low BMD at study entry . These factors
are related since low body weight is strongly correlated with
low BMD in premenopausal and young postmenopausal wom-
en 1. Bone density testing at the onset of perimenopause is,
then, appropriate in women with low body weight, a family his-
tory of osteoporosis, or medical problems associated with de-
creased BMD . American guidelines recommend bone den-
sity screening in all peri- and postmenopausal women whose
weight is <58 kg 445 (Table II). Based on a systematic review
of the literature, Canadian experts recommend BMD testing for
those weighing <70 kg ["81.

The objective of BMD screening at perimenopause is to
identify women at high risk of osteoporosis despite a low cur-
rent fracture risk. In such cases, preventive therapy would aim
to maintain bone mass and strength, prevent the development
of high fracture risk, and reduce the risk of future fractures.
This contrasts with the strategy for osteoporosis treatment,
which focuses on identifying individuals at high current frac-
ture risk who require therapy to reduce that risk.

Who should receive therapy to prevent
transmenopausal bone loss?

Since all women experience estrogen deficiency-relat-
ed bone loss, they would all likely benefit from therapy de-
signed to prevent bone loss and structural deterioration during
the transmenopausal interval. Treatment would be especially
useful in women at high risk of developing osteoporosis. Most
osteoporosis guidelines either do not address or do not endorse
the use of drugs for osteoporosis prevention “*4’l. An exception
is the Osteoporosis Position Statement of the North American
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Menopause Society (now The Menopause Society) “4. Their
recommendation, found in Table III, is that estrogen therapy
is appropriate to prevent transmenopausal bone loss in women
who approach menopause with risk factors for osteoporosis,
even in the absence of vasomotor symptoms.

How long should therapy be taken?

Both the prevention and the treatment of postmenopausal
osteoporosis require long-term if not lifelong management.
While there is no fixed limit to the duration of estrogen ther-

Table I Drugs approved in North America for preventing postmenopausal
osteoporosis.

ESTROGEN AGONISTS BISPHOSPHONATES

Drug Approved dose Drug Approved dose
Estrogen, oral and . 35mg
transdermal Multiple doses Alendronate PO weekly
Conjugated
0.45 mg ) 35mg
estrogen plus . Risedronate
bazedoxifene + 20 mg daily PO weekly
. . 150 mg
Raloxifene 60 mg daily Ibandronate PO monthly
Tibolone* 2.5 mg daily Zoledronate 5mg IV every
’ 2 years
*Tibolone is not approved in the United States

Table Il Indications for bone density testing.

ESTROGEN AGONISTS BISPHOSPHONATES

Bone density should be measured
in postmenopausal women with risk
factors for osteoporosis or fracture
where knowing the result will
influence clinical management.

This includes postmenopausal

USPSTF recommends screening for

osteoporosis to prevent osteoporotic

fractures in postmenopausal women

e aged 65 years and older

e younger than 65 years with 1 or
more risk factors for osteoporosis

women:

e with a history of fracture since
menopause

e with one or more of these risk
factors:

- body weight less than 127 Ib (57.7
kg) or BMI less than 21 kg/m2

- history of hip fracture in a parent

- current smoker

- aged 65 years and older

o with medical causes of bone loss
or fracture

e discontinuing estrogen

Table IlI Indications for the use of drugs to prevent bone loss (adapted
from the NAMS Osteoporosis Position Statement) (",

Pharmacological therapy to prevent bone loss is indicated
in peri- or postmenopausal women with

e Premature menopause, at least until the average age of natural menopause

e L ow BMD (T-score< 1.0), especially if they are experiencing relatively rapid
bone loss because of acute estrogen deficiency in perimenopause or upon
discontinuing ET

o Low BMD with other risk factors for bone loss or fracture (e.qg., family history)
but who do not meet the criteria for osteoporosis treatment
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apy, discontinuation should be followed by at least 2 years of
alendronate or at least one dose of zoledronate to preserve bone
density.

The optimal duration of bisphosphonate therapy begun in
perimenopause has not been evaluated. The period of rapid
transmenopausal bone loss lasts for 5-6 years . Continuous
bisphosphonate therapy for more than 5 years at a time is not
recommended as its benefits plateau and the risk of atypical
femoral fracture increases “¥. In young postmenopausal wom-
en, BMD benefits persist, remaining well above pre-treatment
levels for at least 2-3 years after discontinuation of alendronate
[49.301 With zoledronate, two doses, perhaps two years apart,
would be appropriate for preventing bone loss in perimenopau-
sal women.

Following bone loss prevention therapy with either estro-
gen or a bisphosphonate, long-term maintenance of bone den-
sity is required. After a relatively short course of alendronate
or zoledronate in patients who discontinue estrogen, or after
3-5 years of bisphosphonate begun during perimenopause, pa-
tients at low fracture risk could be transitioned to intermittent
bisphosphonate therapy to maintain BMD. Based on studies in
young postmenopausal women, alendronate could be given in
cycles of two years on and three years off therapy . Alter-
natively, zoledronate once every 5 years could be used . If
breast cancer risk reduction is desired in addition to prevention
of bone loss, raloxifene could also be considered between the
perimenopausal or post-estrogen bisphosphonate use and the
maintenance therapy phase 1%,

Which therapy to prevent osteoporosis
during perimenopause?

Choosing between estrogen and bisphosphonate therapy is
an individualized decision. For most women, estrogen thera-
py, beginning in perimenopause, is the best treatment option.
Managing perimenopause involves multiple components: pre-
venting bone loss, managing vasomotor symptoms, controlling
abnormal vaginal bleeding, and providing contraception. Con-
tinuous estrogen/progestin contraceptives offer therapy for
all four concerns and, in early perimenopause, when estrogen
levels may vary chaotically, suppress ovarian production and
provide stable hormone levels. For women who cannot take
estrogen, low-dose bisphosphonate therapy for 3—-5 years be-
ginning in perimenopause is an excellent alternative, although
additional therapy to provide contraception and control of men-
opausal symptoms may be required.

Summary

The rapid bone loss and damage to bone structure that
occur during transmenopause transition are significant con-
tributors to the development of postmenopausal osteoporosis
but can be prevented with estrogen or bisphosphonates. This
strategy should be considered in all women as they enter pe-
rimenopause, especially those at increased risk of developing
0Steoporosis.

82

References

1. Emmanuelle NE, Marie-Cécile V, Florence T, et al. Critical role of
estrogens on bone homeostasis in both male and female: from physiol-
ogy to medical implications. Int J Mol Sci. 2021;22(4):1568.

2. Soyka LA, Fairfield WP, Klibanski A. Clinical review 117: hormonal
determinants and disorders of peak bone mass in children. J Clin En-
docrinol Metab. 2000;85(11):3951-63.

3. Finkelstein JS, Brockwell SE, Mehta V, et al. Bone mineral density
changes during the menopause transition in a multiethnic cohort of
women. J Clin Endocrinol Metab. 2008;93(3):861-8.

4. Greendale GA, Sowers M, Han W, et al. Bone mineral density loss in
relation to the final menstrual period in a multiethnic cohort: results
from the Study of Women's Health Across the Nation (SWAN). J Bone
Miner Res. 2012;27(1):111-8.

5. Khan A, Dubois S, Khan AA, et al. A randomized, double-blind, pla-
cebo-controlled study to evaluate the effects of alendronate on bone
mineral density and bone remodelling in perimenopausal women with
low bone mineral density. J Obstet Gynaecol Can. 2014;36(11):976-
82.

6. Hibler EA, Kauderer J, Greene MH, Rodriguez GC, Alberts DS. Bone
loss after oophorectomy among high-risk women: an NRG oncology/
gynecologic oncology group study. Menopause. 2016;23(11):1228-
32.

7. Hadji P, Kauka A, Ziller M, et al. Effects of zoledronic acid on bone
mineral density in premenopausal women receiving neoadjuvant or
adjuvant therapies for HR+ breast cancer: the ProBONE II study. Os-
teoporos Int. 2014;25(4):1369-78.

8. Taylor HS, Giudice LC, Lessey BA, et al. Treatment of endometrio-
sis-associated pain with elagolix, an oral GnRH antagonist. N Engl J
Med. 2017;377(1):28-40.

9. Dufresne TE, Chmielewski PA, Manhart MD, Johnson TD, Borah
B. Risedronate preserves bone architecture in early postmenopausal
women in | year as measured by three-dimensional microcomputed
tomography. Calcif Tissue Int. 2003;73(5):423-32.

10.  Greendale GA, Huang M, Cauley JA, Harlow S, Finkelstein JS, Karla-
mangla AS. Premenopausal and early postmenopausal trabecular bone
score (TBS) and fracture risk: Study of Women's Health Across the
Nation (SWAN). Bone. 2020;140:115543.

11.  Sarafrazi N, Wambogo EA, Shepherd JA. Osteoporosis or low bone
mass in older adults: United States, 2017-2018. NCHS Data Brief.
2021;(405):1-8.

12.  Gambacciani M, Spinetti A, Taponeco F, Cappagli B, Piaggesi L,
Fioretti P. Longitudinal evaluation of perimenopausal vertebral bone
loss: effects of a low-dose oral contraceptive preparation on bone min-
eral density and metabolism. Obstet Gynecol. 1994;83(3):392-6.

13.  The Writing Group for the PEPI Trial. Effects of hormone therapy on
bone mineral density: results from the postmenopausal estrogen/pro-
gestin interventions (PEPI) trial. JAMA. 1996;276(17):1389-96.

14.  Gambacciani M, Ciaponi M, Cappagli B, Benussi C, Genazzani AR.
Longitudinal evaluation of perimenopausal femoral bone loss: effects
of a low-dose oral contraceptive preparation on bone mineral density
and metabolism. Osteoporos Int. 2000;11(6):544-8.

15.  Gallagher JC, Baylink DJ, Freeman R, McClung M. Prevention of
bone loss with tibolone in postmenopausal women: results of two
randomized, double-blind, placebo-controlled, dose-finding studies. J
Clin Endocrinol Metab. 2001;86(10):4717-26.

16.  McClung M, Clemmesen B, Daifotis A, et al. Alendronate prevents
postmenopausal bone loss in women without osteoporosis. A dou-
ble-blind, randomized, controlled trial. Alendronate Osteoporosis Pre-
vention Study Group. Ann Intern Med. 1998;128(4):253-61.

17.  Prasad TN, Sharma LR, Bhansali A, et al. Efficacy of zoledronic acid
in peri-menopausal women with osteopenia. ] Bone Miner Metab.
2026:;44(1):106-113.

18.  Waugh EJ, Lam MA, Hawker GA, et al.; Perimenopause BMD Guide-
lines Subcommiittee of Osteoporosis Canada. Risk factors for low bone

Int J Bone Frag. 2026; 6(2):79-83



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

mass in healthy 40-60 year old women: a systematic review of the
literature. Osteoporos Int. 2009;20(1):1-21.

Harter DL, Busnello FM, Dibi RP, Stein AT, Kato SK, Vanin CM.
Association between low bone mass and calcium and caffeine intake
among perimenopausal women in Southern Brazil: cross-sectional
study. Sao Paulo Med J. 2013;131(5):315-22.

Bailey RL, Zou P, Wallace TC, et al. Calcium supplement use is asso-
ciated with less bone mineral density loss, but does not lessen the risk
of bone fracture across the menopause transition: data from the Study
of Women's Health Across the Nation. JBMR Plus. 2020:4(1):e10246.
Hosking DJ, Ross PD, Thompson DE, et al. Evidence that increased
calcium intake does not prevent early postmenopausal bone loss. Clin
Ther. 1998;20(5):933-44.

Whitman PW, Alexander CJ, Kaluta L, Burt LA, Gabel L. Does exer-
cising during peri- or early post-menopause prevent bone and muscle
loss: a systematic review. Bone. 2025;201:117650.

Greendale GA, Jackson NJ, Shieh A, et al. Leisure time physical ac-
tivity and bone mineral density preservation during the menopause
transition and postmenopause: a longitudinal cohort analysis from
the Study of Women's Health Across the Nation (SWAN). Lancet Reg
Health Am. 2023;21:100481.

Delmas PD, Pornel B, Felsenberg D, et al. A dose-ranging trial of a
matrix transdermal 17beta-estradiol for the prevention of bone loss
in early postmenopausal women. International Study Group. Bone.
1999;24(5):517-23.

Greenwald MW, Gluck OS, Lang E, Rakov V. Oral hormone therapy
with 17beta-estradiol and 17beta-estradiol in combination with nore-
thindrone acetate in the prevention of bone loss in early postmenopau-
sal women: dose-dependent effects. Menopause. 2005;12(6):741-8.
Ettinger B, Genant HK, Steiger P, Madvig P; New Collective Author.
Low-dosage micronized 17 beta-estradiol prevents bone loss in post-
menopausal women. Am J Obstet Gynecol. 1992;166(2):479-88.
Cauley JA, Robbins J, Chen Z, et al.; Women's Health Initiative In-
vestigators. Effects of estrogen plus progestin on risk of fracture and
bone mineral density: the Women's Health Initiative randomized trial.
JAMA. 2003;290(13):1729-38.

Jackson RD, Wactawski-Wende J, LaCroix AZ, et al.; Women's Health
Initiative Investigators. Effects of conjugated equine estrogen on risk
of fractures and BMD in postmenopausal women with hysterectomy:
results from the Women's Health Initiative randomized trial. J Bone
Miner Res. 2006;21(6):817-28.

Gambacciani M, Cappagli B, Lazzarini V, Ciaponi M, Fruzzetti F,
Genazzani AR. Longitudinal evaluation of perimenopausal bone loss:
effects of different low dose oral contraceptive preparations on bone
mineral density. Maturitas. 2006;54(2):176-80.

Wasnich RD, Bagger YZ, Hosking DJ, et al.; Early Postmenopausal
Intervention Cohort Study Group. Changes in bone density and turn-
over after alendronate or estrogen withdrawal. Menopause. 2004;11(6
Pt 1):622-30.

Heiss G, Wallace R, Anderson GL, et al.; WHI Investigators. Health
risks and benefits 3 years after stopping randomized treatment with
estrogen and progestin. JAMA. 2008;299(9):1036-45.

Ascott-Evans BH, Guanabens N, Kivinen S, et al. Alendronate pre-
vents loss of bone density associated with discontinuation of hormone
replacement therapy: a randomized controlled trial. Arch Intern Med.
2003;163(7):789-94.

LaVasseur C, Neukam S, Kartika T, Samuelson Bannow B, Shatzel J,
DeLoughery TG. Hormonal therapies and venous thrombosis: consid-
erations for prevention and management. Res Pract Thromb Haemost.
2022;6(6):e12763.

Manson JE, Chlebowski RT, Stefanick ML, et al. Menopausal hor-
mone therapy and health outcomes during the intervention and extend-
ed poststopping phases of the Women's Health Initiative randomized
trials. JAMA. 2013;310(13):1353-68.

Delmas PD, Bjarnason NH, Mitlak BH, et al. Effects of raloxifene
on bone mineral density, serum cholesterol concentrations, and
uterine endometrium in postmenopausal women. N Engl J Med.

Int J Bone Frag. 2026; 6(2):79-83

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Preventing transmenopausal bone loss

1997;337(23):1641-7.

Lindsay R, Gallagher JC, Kagan R, Pickar JH, Constantine G. Efficacy
of tissue-selective estrogen complex of bazedoxifene/conjugated es-
trogens for osteoporosis prevention in at-risk postmenopausal women.
Fertil Steril. 2009;92(3):1045-52.

Ravn P, Bidstrup M, Wasnich RD, et al. Alendronate and estrogen-pro-
gestin in the long-term prevention of bone loss: four-year results from
the early postmenopausal intervention cohort study. A randomized,
controlled trial. Ann Intern Med. 1999;131(12):935-42.

McClung MR, Wasnich RD, Hosking DJ, et al.; Early Postmenopausal
Intervention Cohort Study. Prevention of postmenopausal bone loss:
six-year results from the Early Postmenopausal Intervention Cohort
Study. J Clin Endocrinol Metab. 2004;89(10):4879-85.

McClung M, Miller P, Recknor C, Mesenbrink P, Bucci-Rechtweg
C, Benhamou CL. Zoledronic acid for the prevention of bone loss in
postmenopausal women with low bone mass: a randomized controlled
trial. Obstet Gynecol. 2009;114(5):999-1007.

Bolland MJ, Nisa Z, Mellar A, et al. Fracture prevention with infre-
quent zoledronate in women 50 to 60 years of age. N Engl J Med.
2025;392(3):239-48.

McClung M, Harris ST, Miller PD, et al. Bisphosphonate therapy
for osteoporosis: benefits, risks, and drug holiday. Am J Med 2013;
126(1):13-20.

Zeitlin J, Parides MK, Lane JM, Russell LA, Kunze KN. A clinical pre-
diction model for 10-year risk of self-reported osteoporosis diagnosis
in pre- and perimenopausal women. Arch Osteoporos. 2023;18(1):78.
Ravn P, Cizza G, Bjarnason NH, et al. Low body mass index is an im-
portant risk factor for low bone mass and increased bone loss in early
postmenopausal women. Early Postmenopausal Intervention Cohort
(EPIC) study group. J Bone Miner Res. 1999;14(9):1622-7.

North American Menopause Society. Management of osteoporosis in
postmenopausal women: the 2021 position statement of The North
American Menopause Society. Menopause. 2021;28(9):973-97.

US Preventive Services Task Force; Nicholson WK, Silverstein M,
Wong JB, et al. Screening for osteoporosis to prevent fractures: US
Preventive Services Task Force recommendation statement. JAMA.
2025;333(6):498-508.

ACOG. Osteoporosis prevention, screening, and diagnosis: ACOG
Clinical Practice Guideline No. 1. Obstet Gynecol. 2021;138(3):494-
506.

US Preventive Services Task Force; Mangione CM, Barry MJ, Nichol-
son WK, et al. Hormone therapy for the primary prevention of chronic
conditions in postmenopausal persons: US Preventive Services Task
Force recommendation statement. JAMA. 2022;328(17):1740-6.
McClung MR. Sequential and long-term therapy for osteoporosis.
Curr Osteoporos Rep. 2025;23(1):15-25.

Ravn P, Weiss SR, Rodriguez-Portales JA, et al. Alendronate in ear-
ly postmenopausal women: effects on bone mass during long-term
treatment and after withdrawal. Alendronate Osteoporosis Prevention
Study Group. J Clin Endocrinol Metab. 2000;85(4):1492-7.

Bagger YZ, Tanké LB, Alexandersen P, Ravn P, Christiansen C.
Alendronate has a residual effect on bone mass in postmenopau-
sal Danish women up to 7 years after treatment withdrawal. Bone.
2003;33(3):301-7.

83



