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Timing of postmenopausal estrogen for
optimal bone mineral density
D. L. Schneider and D.J. Morton

INTRODUCTION

Estrogen therapy has been the mainstay for the
prevention and treatment of osteoporosis in
postmenopausal women15. A large body of data
shows that estrogen either maintains bone or
slows bone loss, and thereby prevents osteo
porotic fractures3-12. In addition, recent studies
suggested that lifetime estrogen replacement
would be necessary to prevent osteoporosis.
However, the majority of women who begin
estrogen therapy discontinue use after an
average of 5 years13.

For many years, the standard recommenda
tion has been that estrogen therapy should
begin at the time of menopause, when rapid
bone loss is known to occur. It was thought that
estrogen taken for the first 10 years after the
menopause would delay bone loss sufficiently to
reduce a woman's risk of osteoporotic fractures
in old age. Estrogen therapy initiated at older
ages (more than 10 years posimenopause) was
not expected to be effective as the rapid bone
loss 'window of opportunity' would be past, and
bone loss in older women was thought to be due
to age, not estrogen deficiency14,15.

Recent studies have challenged these
assumptions. This paper will review the evidence
that (1) estrogen therapy begun after age 60 can
preserve and even increase bone density'6-2S;
(2) estrogen therapy discontinued 5-10 years
after the menopause carries no long-term bene
fit in term of bone density in old age24"29; and
(3) estrogen begun after age 60 may be as effec

tive in preserving bone as estrogen begun at the
time of menopause and continued into late
life30. These data are shown to be compatible
with the estimated bone density model des
cribed by Ettinger and Grady31.

SHORT-TERM STUDIES
Studies of women who began estrogen therapy
at age 60 and older have shown significant in
creases in bone density after 1 or 2 years of use
(Table l)16"23. After 1 year of therapy, increase
in bone mass ranged from 4.5 to 9.9% at the
spine, 1.4 to 3.2% at the femoral neck and 3.1 to
11.7% at the ultradistal radius. In those studies
that extended to a second year, there were
further increases in bone mass at all sites with
total changes from baseline ranging from 3.6
to 13.1%. The two studies22-23 utilizing the
newer bone mass measurement technique, dual
energy X-ray absorptiometry (DXA), demon
strate results similar to those of the earlier
studies.

During the first 1 or 2 years of estrogen
therapy, the increases in bone mass in women
who are late starters are thought to be due to the
decrease of bone resorption more than bone
formation, and a reduction in activation fre
quency of new bone remodeling cycles. Beyond
2 years of estrogen therapy, there is thought to
be stabilization of bone mass followed by a slow
decline.
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Table 1 Summary of selected skeletal studies of bone mineral density in women who began estrogen therapy at age 60 and older
First author
(year)

Study design and
subject source

Subject number and
estrogen type

Mean age Years Bone density
(years) of use method Sites

% bone mass
increase at 1 year

Steiniche (1989)'6 RCT: osteoporosis patients
with fractures

Christiansen (1990)" RCT: osteoporosis patients

Lindsay (1990),H RCT: osteoporosis patients

Birkenhager (1992)19 randomized matched pairs;
osteoporosis patients withfractures

Lufkin (1992)20 RCT: osteoporosis patients
with fractures

Szejnfeld(1994)21

Grey (1994)**

Kohrt(1995)M

retrospective chart review;
osteoporosis patients

retrospective chart review;
estrogen therapy patients
prospective case-control;
osteopenic patients

n=14,17BE2 + NETA;
n s 14, calcium
n = 16,17BE2 + NETA;
n = 15, calcium

n = 22, CEE 0.625;
n= 18, calcium
w=18, 17BE2 + MPA;
n=18,17BE2 + MPA + ND

n = 36,17BE2 patch + MPA;
n = 39, placebo

n = 24, CEE 0.625 +MPA;
n= 18, control

n = 44, CEE 0.625 + MPA;
n= 19, control
n= 12, CEE 0.625 +MPA;
n = 12, control

66 1 DPA spine 5.6

63.6 1 (2 for n = 7DPA;SPA spine 4.5
on ERT) ultradistal radius

proximal radius
11.7
2.0

62.3 2 DPA spine
femoral neck

10.6*
5.5*

60.7 2 DPA; SPA spine
ultradistal radius
proximal radius

9.9
3.1
2.2

65.5 1 DPA; SPA spine
trochanter
femora] neck
mid-radius

5.3
7.6
2.6
1.0

62 1 DPA spine
trochanter
Ward's area
femoral neck

4.7
4.9
3.6
1.4

64 1 DXA spine
femoral neck

7.0
3.0

66 1 DXA spinefemoral neck
trochanter
Ward's area

5.0
3.2
3.2
6.6

s>z>am
2
p i
ZH
O
••5
H
Sm
2mzo
-o>c
CR

•increase over 2 years; 17BE2-esiradiol; CEE, conjugated equine estrogens; DXA, dual energy X-ray absorptiometry, DPA, dual photon absorptiometry;
ERT, estrogen replacement therapy; MPA, medroxyprogesterone acetate; ND, nandrolone decanoate; NETA, norethisterone acetate; RCT, randomized
controlled trial; SPA, single photon absorptiometry
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TIMING OF ESTROGEN FOR OPTIMAL BMD

These short-term studies clearly and consist
ently show that women who start estrogen ther
apy 10 or more years after the menopause can
maintain or increase bone density. Therefore,
estrogen therapy can be considered for preven
tion as well as treatment of osteoporosis in older
women who have been postmenopausal for
many years.

STOPPING ESTROGEN THERAPY
Accelerated rates of bone loss have been
observed after estrogen treatment has been dis
continued, which is known as 'catch-up loss'.
Erdlsicck and associates24 observed rapid loss of
bone mineral density (BMD) at the ultradistal
radius and lumbar spine, 1 year following cessa
tion of estrogen treatment that had been given
for 3 years. Tremollicres and colleagues25
observed a rapid phase of vertebral bone loss
averaging 2.4% in the first 2 years after with
drawal of estrogen treatment (mean duration
4.4 years) that was similar to bone loss in un
treated women during the first 2 years of meno
pause. The rate of bone loss was not related to
the duration of estrogen therapy. A similar rate
of 2.6% bone loss at the distal forearm was
reported by Quigley and co-workers26 for estro
gen users who stopped estrogen after age 65 and
lost bone more rapidly than women of similar
age who had never taken estrogen. Moreover,
Christiansen and colleagues27 observed an
annual decrease of 2.3% in bone mineral con
tent al the distal forearm after withdrawal of
estrogen treatment, a rate identical to the bone
loss of untreated women.

Women who start estrogen at menopause
then stop after 7 or 8 years may lose all bone
benefit by age 75 because of this 'catch-up loss'
phenomenon. Large population-based studies
have demonstrated that discontinuing estrogen
therapy may not preserve bone density late in
life nor protect against osteoporotic fractures.
In the Framingham study, Fclson and associ
ates28 found preservation of bone density in
women less than 75 years old who had taken
estrogen for 7 years or more, but little residual
effect on bone density in women 75 years and
older. In the Study of Osteoporotic Fractures,

Caulcy and co-workers29 observed no decreased
risk for hip, wrist or non-spinal fractures in past
users of estrogen (mean duration of use 4.8
years).

LATE START OF ESTROGEN
THERAPY
We examined the past and current use of estro
gen in 740 community-dwelling older white,
postmenopausal women (Rancho Bernardo,
California), over two-thirds of whom had used
oral estrogen al some time30. Estrogen use was
classified as never, past or current and stratified
by time of initiation, either early after the meno
pause or after age 60. Age 60 was chosen to
reflect the usual recommendation to lake estro
gen at or soon after the menopause for no more
than 10 years. Five patterns of estrogen use were
identified:

(1) Ncvcr-users;
(2) Past early-users (started before age 60 with

no current use);

(3) Past laic-users (started age 60 or older with
no current use);

(4) Current late-users (started age 60 or older
with current use);

(5) Current continuous-users (started before
age 60 with current use).

Current continuous-users began estrogen an
average of 2 years after the menopause and had
used estrogen for an average of 20 years. Current
late-users began estrogen 18 years after the
menopause for an average of 9 years of use. As
shown in Figure 1, currcntcontinuous-uscrshad
the highest BMD levels at all four sites, inde
pendent of duration of use. However, current
late-users who had started cslrogcn after age
60 had BMD levels thai were not statistically
significantly different from those of current
continuous-users. The BMD levels of the past
early-users, who had taken estrogen for an aver
age of 10 years and had discontinued it 17 years
previously, were similar lo those of never-users.

Ettinger and Grady31 estimated the effect on
BMD of rates of bone loss in women who did and
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Estrogen use status

D Never D Past early Q Past late ■ Current late ■ Current continuous
users users u s e r s u s e r s users

0.30 -,

39 0.25 -

Ultradistal radius 0.70 -i Midshaft radius

0.70 0.80

Figure I Mean bone mineral density (g/cnr) (95% confidence interval) by estrogen use groups adjusted
for age, body mass index, total calcium intake, bilateral oophorectomy, current smoking, alcohol use, exercise,
and current use of thiazide diuretics, thyroid hormone and oral contraceptives. Reproduced from reference
30 with permission. Copyright 1997, American Medical Association

g 1oes

did not use estrogen. Assuming that all skeletal
sites had similar rates of bone density change,
the following estimates were made:

(1) An untreated woman loses 2% of bone
density per year for the first 5 years after the
menopause and 1 % per year thereafter;

(2) A woman treated with long-term estrogen
therapy loses 0.5% of bone density per year;

(3) A woman who stops taking estrogen loses
2% of bone density per year for 5 years and
1 % per year thereafter;

(4) An older postmenopausal woman starling
estrogen gains an additional 5-10% of bone

density during the first 2 years of therapy
and then loses 0.5% per year.

These estimates were used to predict the bone
mineral density between ages 50 and 85 for four
possible scenarios:

(1) Never-users of estrogen;
(2) Continuous-users (starting estrogen at

menopause and continuing indefinitely);
(3) Early-users (starting estrogen at menopause

and slopping al age 65);

(4) Late-users (starting estrogen al age 65 and
continuing indefinitely).
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As shown in Figures 2 and 3, at age 85 the
estimated BMD was highest for continuous-us
ers with only a small difference in comparison
with late-users (2% assuming a 10% gain or 6%
assuming a 5% gain). The estimated BMD

difference was also small between never- users
and early-users who had slopped after 15 years
of use. The estimated BMD levels predicted by
this model are similar lo those BMD levels al
four skeletal sites observed in the Rancho Ber
nardo cohort.

50 55 00 65 70 75 HO H5
Age (years)

-•- Never users -O- Continuous users
-»- Early users

Figure 2 Estimated bone density by age in women
who never used estrogen (never users), those who
used continuously beginning at menopause (pre
sumed to occur al age 50) (continuous users), and
those who began al menopause and stopped at age
65 (early users). Reproduced from reference 31 with
permission

60 65 70
Age (years)

-•- Never users -O- Continuous users
-•- talc users 1 -*- tale users 2

Figure 3 Estimated bone density by age in women
who never used estrogen (never users), those who
used continuously beginning at menopause (pre
sumed to occur at age 50) (continuous users), and
those who began at age 65 (laic users). Calculations
assume a 5% (laic users, 1) or a 10% (late users, 2)
increase in bone density al the time estrogen was
started. Reproduced from reference 31 with permis
sion

L IM ITAT IONS

The number of studies available for the present
review is small and the available data have
limitations. The prospective studies of starling
estrogen therapy after age 60 arc of short dura
tion (1 to 2 years). The Rancho Bernardo study
is cross-sectional; however it did substantiate the
estimated BMD predicted by Ettinger and
Grady's model. In addition, the present review
encompassed the effect of liming of estrogen
use on BMD levels not osteoporotic fractures,
although BMD is considered the best predictor
of fracture risk. To the knowledge of the present
authors, there has been only one study of dura
tion and liming of estrogen use in relation to
fractures. Caulcy and associates29 found current
estrogen use begun at any age reduced the risk
of hip, wrisl and all non-spinal fractures, but
estrogen was most effective if initialed within 5
years of the menopause and used for longer
than 10 years.

OTHER CONSIDERATIONS

In addition lo the positive effects on bone, other
benefits and risks of short- and long-term estro
gen therapy need to be considered in helping to
make the decision when lo start and whether or
not to slop estrogen therapy. Unfortunately, the
studies of the major potential risk of estrogen
therapy, that of breast cancer, and ihe major
potential benefit, lo coronary heart disease, arc
inconclusive. Women needing treatment for
menopausal symptoms should not wait until
later, while others who arc asymptomatic may be
able to delay initiation of therapy. However,
women al high risk for osteoporosis or heart
disease should consider estrogen therapy at the
lime of the menopause. On the other hand,
women who arc nol at high risk for osteoporosis
or heart disease may want to wail for 10 or 15
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years beyond the menopause before making a
decision to start estrogen therapy.

CONCLUSIONS

Based on the evidence that (1) women aged 60
and older demonstrate significant increases in
bone mass alter I or 2 years of estrogen use, (2)
past use provides no long-term bone effects, and
(3) women who start taking estrogen after age
60 or 65 have similar bone density to that of
women who start immediately after the meno
pause, starting estrogen early may not be neces
sary and ii may never be loo late to achieve
beneficial effects on bone.

Use of estrogen has been ihe mainstay for
prevention of bone loss in postmenopausal
women. Estrogen therapy has clearly been
shown to maintain bone mass and to reduce
postmenopausal bone loss, thereby lowering the
risk of osteoporotic fractures. The studies re
viewed confirm what clinicians have believed for
several years: (1) current estrogen use is better
than past use for maintenance of bone density;
and (2) current estrogen therapy begun 10 or
more years after the menopause might be as
beneficial as continuous treatment begun at the
time of menopause.

KEY POINTS FOR CLINICAL
PRACTICE

(1) Women who had started taking estrogen at
ihe menopause and continued into late life
had the highest bone mineral density.
Therefore, when a woman siarts estrogen
therapy at the menopause il should be con
tinued indefinitely.

(2) Women who started taking estrogen after
age 60 and continued taking it had surpris
ingly similar bone levels to those of women
who had started estrogen at the meno
pause. Therefore, it may never be too late
to start estrogen therapy for the beneficial
hone effects. If a women has reached age 60
without estrogen therapy, she should be
considered for starling estrogen.

(3) Women who started taking estrogen at ihe
menopause and llicn stopped after an
average of 10 years of use had only slightly
better bone mineral density than those who
had never taken it. Therefore, past use
provides Hide or no long-term benefit for
bone density. Once estrogen therapy is
begun il should be continued indefinitely.

(4) If a woman is al high risk Tor osteoporosis
or heart disease when she reaches the
menopause, estrogen therapy should be
considered immediately.

(5) If a woman is not experiencing vasomotor
symptoms and is not al high risk for
osteoporosis or heart disease, she may wait
beyond early menopause before making a
decision to start estrogen therapy.

(6) If a woman is known to be at high risk for
breast cancer, it may be prudent for her to
wail 10 years or more after the menopause
before initialing estrogen therapy.

ACKNOWLEDGEMENT
The study of the Rancho Bernardo Cohort was
supported by grant AG 07181 from the National
Institute on Aging.

6.

References
Christiansen C Hormone replacement therapy
and osteoporosis. Mitluritas ll)9();23:S7l-6
Rosen C.|, Kessenidi CR. The pathophysiology
and treatment of postmenopausal osteoporosis.
An evidence-based approach to estrogen

replacement therapy. Endocrinol Metab ('.tin North
Am 1997;26:295-311
Lindsay R, I Ian DM, Aitken |M, rt al. Long-term
prevention of postmenopausal osteoporosis by
oestrogen. Evidence for an increased bone mass

140



TIMING OF ESTROGEN FOR OPTIMAL HMD

after delayed onset of oestrogen treatment. Imu-
cet 1976;1:1038-41
Aitken JM, Hart DM, Lindsay R. Ocslrogcn
replacement therapy for prevention or osteo
porosis after oophorectomy, Br Mnl J 1973;3:
515-18
Nachtigall LE, Nachtigall RH, Nachtigall RD,
el al Estrogen replacement therapy I: a 10-ycar
prospective study in die relationship lo osteo
porosis. OAtld Gynewl 1979;53:277-81
Hutchinson TA, Polansky SM, Fcinstcin AR.
Posl-mcnopausal oestrogens protect against
fractures or hip and distal radius. A casc-conirol
study. Lancet 1979;2:705-9
Lindsay R, Hart DM, Forrest C, el al. Prevention
of spinal osteoporosis in oophorcctomiscd
women. UnctX 1980;2:1151-4
Weiss NS. Urc CI, BalladJH, rlaL Decreased risk
of fractures or ihe hip and lower forearm with
postmenopausal use of estrogen. N Engl J Med
1980;303:1195-8

, Kreigcr N, Kclsey JL, Holford TR, el al. An
epidemiologic study of hip fracture in post
menopausal women. Am J Epidemiol 1982; 116:
141-8

. Ettinger B, Bcnant HK, Cann CE. Long-term
estrogen replacement therapy prevents bone
loss and fractures. Ann Intern Med 1985; 102:
319-34
Maxim P. Ettinger B, Spitalny CM. Fracture pro
tection provided by long-term estrogen therapy.
Osteoporosis Int 1995;5:23-9
Kiel DP, Felson DT, Anderson JJ, et aL Hip frac
ture and the use oestrogens in postmenopausal
women: the Framingham study. N Engl J Med
1987;317:1169-74
Utian WH, Schiff I. NAMS-Gallup survey on
women's knowledge, information sources, and
attitudes to menopause and hormone therapy.
Menopause 1994;1:39-48

14. Riggs BL, Wahner HW, Socman E, et al Changes
in bone mineral density of the proximal femur
and spine with aging: differences between posy
menopausal and osteoporotic syndromes. J Chn
Invest 1982;70:716-23
Richclson LS. Wahner HW, Mellon LJ III, et aL
Relative contributions of aging and estrogen
deficiency to postmenopausal bone loss. NEngl
f Med 1984;311:1273-5
Stcinichc T, Hasling C. Charles P, et aL A ran
domized study on the effects of estrogen/
gestagen or high dose oral calcium on trabecular
bone remodeling in postmenopausal osteo
porosis. Bone 1989;10:313-20
Christiansen C. Riis BJ. l7(J-estradiol and con
tinuous norcthisterone: a unique treatment for
established osteoporosis in elderly women./ Clin
Endocrinol Metab 1990;71:836-41

10

11

12

13

15

16

17.

18. Lindsay R, Tohmc JF. Estrogen treatment or
patients with established postmenopausal
osteoporosis. Obstel Gynecol 1990;76:290-5

19. Birkcnhagcr |C. Erdlsicck RJ, Zcclcnbcrg |, et al.
Can namltolonc add to the effect <>r hormonal
replacement therapy in postmenopausal osteo
porosis? Bone Miner 1992;18:251-65

20. Lufkin EG. Wahner HW, O'Fallon WM, et aL
Treatment or postmenopausal osteoporosis with
transdermal estrogen. Ann Intern Med 1992;
117:1-9

21. Szejnfcld VI, Soucn JS, Baracat EC, el al. Do
estrogens improve bone mass in osteoporotic
women over len years of menopause? Siio Paulo
MedJ 1994-.112:517-20

22. Grey AB, Cundy TF, Rcid IR. Continuous com
bined oestrogen/progestin therapy is well toler
ated and increases bone density at ihe hip and
spine in posl-mcnopausal osteoporosis. CMn
Endocrinol 1994;40:671-7

23. Kohrt WM, Birgc SJ. Differential effects of estro
gen treatment on bone mineral density of the
spine, hip, wrisl and total body in laic post
menopausal women. Oslecjmrosis Int 1995;5:
150-5

24. Erdlsicck RJ, Pols HAP, Van Kuijk C, et al. Course
orboncmassduringand after hormonal replace
ment therapy with and without addition or
nadronlonc decanoate. J Bone Miner Res 1994;
9:277-283

25. Tremollicrcs F. PouillesJ-M, Ribot C. Cessation
of estrogen replacement therapy is associated
with a significant vertebral bone loss. J Bone Miner
/tal997;12:S103

26. Quiglcy MET, Martin PL, Burnicr AM, el aL
Estrogen therapy arrests bone loss in elderly
women. AmJObsUt Gynecol 1987;156:1516-23

27. Christiansen C, Christensen MS, Transbol I.
Bone mass in postmenopausal women after
withdrawal or ocslrogcn/gcslagcn rcplaccmcnl
iherapy. Lancet 1981;1:459-61

28. Felson DT, Zhang Y, Hannan MT, etal. The effect
of postmenopausal estrogen iherapy on bone
density in elderly women. N Engl J Med 1993;
329:1141-6

29. Caulcy JA. Scelcy DC, Ensrud K, el aL Estrogen
rcplaccmcnl therapy and fractures in older
women. Ann Intern Med 1995;122:9-16

30. Schneider DL, Barrett-Connor EL, Morton DJ.
Timing of postmenopausal estrogen for optimal
bone mineral density. The Rancho Bernardo
Study.7 Am Med Assoc 1997; 277:543-7

31. Ellingcr B, Grady D. Maximizing ihe benefit of
estrogen therapy for prevention of osteoporosis.
Menopause 1994;1:19-24

141


