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58-year-old menopausal woman presented

with concerns about osteoporosis. The patient
recounted that a friend’s recent diagnosis of
osteopenia caused her to wonder about her own
skeletal health. The patient had not experienced
fractures and had no family history of osteoporosis.
She did not exercise regularly and did not have a
history of falls. Her dietary calcium intake was esti-
mated to be 500 mg/d. Each day she took an addi-
tional 300 mg of calcium but did not take a multivi-
tamin. She went through natural menopause at age
48 and took estrogen for 3 years to control hot
flushes and vaginal dryness that did not recur when
she discontinued therapy. She had no other recog-
nized medical conditions.

On examination, the patient weighed 142 b and
was 66 in tall, her maximal adult height. Her phys-
ical examination was unremarkable, with no evi-
dence of bone deformity or tenderness, muscle
weakness, or neuromuscular impairment. Results
of her recent blood count and routine serum chem-
istry tests (including serum calcium, creatinine, and
alkaline phosphatase) were normal. Because of the
patient’s concern about her skeletal health, a bone
density test was ordered. By dual-energy x-ray
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Series learning objectives: After completing this series of case
studies, the reader should be able to:

® Recognize the connection between estrogen deficiency and
metabolic syndrome

e Regard HT as an option in patients with both vasomotor symptoms
and features of the metabolic syndrome

e Screen for bone loss in patients without vasomotor symptoms or
osteoporosis and determine fracture risk, if appropriate®

® Recognize when transdermal HT may be an alternative to
nonhormonal agents used to prevent bone loss
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absorptiometry (DXA), the T-score value in the
lumbar spine was —1.6 and in the total hip
region, —1.4. The patient was told that she had
moderate osteopenia and was at increased risk
for fracture. She responded to the diagnosis
with questions about the severity of her bone
problem and what steps could be taken to pre-
vent osteoporosis.

FEATURES OF OSTEOPOROSIS
Osteoporosis is a disorder characterized by
increased fracture risk due to impaired bone
strength.! This usually is the result of bone loss
that causes reduced bone mass and a destruc-
tion of bone tissue. Bone density remains quite
stable in healthy premenopausal women, but
bone loss ensues with the onset of estrogen
deficiency.*> In the first few years after
menopause, bone loss occurs as a result of
cytokine-induced activation of osteoclastic
bone resorption.* The rates of loss are greatest
during the first few years of estrogen deficiency
but then slow to much lower levels (TABLE 1).
Bone loss averages 1% to 2% per year in
women who are within 5 years after
menopause. Rates of loss of less than 1% per
year are observed in women who are more
than 5 years postmenopausal. At this rate,
bone mineral density (BMD) changes of 1 T-
score unit would occur over 10 to 15 years (1
T-score = 10% to 12% of peak bone mass).

Risk factors for more rapid bone loss
include low body weight, extended bed rest,
alcohol consumption, and smoking.’” Assays
showing higher levels of biochemical markers of
bone turnover are predictive of more rapid bone
loss in certain patients.*” However, the variabili-
ty of these assays limits their effectiveness in
managing individual patients in clinical practice.
In one widely quoted study, the average of 4
measurements of urinary N-telopeptide, a mark-
er of bone resorption, was correlated with rates
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Rates of bone loss at the lumbar spine in
healthy calcium-replete postmenopausal women

Years since | Lumbar spine
Years of +t SD | menopause =  BMD # = SD Years of Decrease in
Reference (Range) SD (Range) | [T-score = SD] follow-up BMD (%) + SD
Less than 5 years since menopause
Mosekilde' 50 £ 3 0.8+0.7 1.04 £ 0.11 B 4
-1 +1.2]
McClung? 51 +0.4* 2.3 £ 0.4* 0.93 +£0.01* 3 3
(45 - 59)
Mortensen® 51 +4 3+ 1 0.96 + 0.11 2 4.3
(45 - 61) (0.5-3)
Gallagher* 53 + 3 2+ 1 [-0.5] 2 22+03
Nielsen® h3l+ 2 2314 0.96 + 0.09* 2 3.2
(40 — 65)
More than 5 years since menopause
Delmas*® b5+ 3 b+ 2 0.94 + 0.1 2 0.8
(45 - 60) (2-8) [(1.0 £ 1.0]
PEPI’ 56 + 6 0.98 + 0.1* 3 1.8
(0.3%) (6)
McClung® 54 £ 3 6+6 0.95 + 0.11 6 3.2
(45 - 59) [[0.9 +1.0]
McClung® 58 + 9 8+8 1.01 £0.14 2 1.2+05

*Data are from placebo- or calcium-treated groups of large prospective clinical trials.
Variables expressed as mean +standard deviation (SD) when available except where marked as * =mean +SE # BMD in gm/cm?

REFERENCES

1. Mosekilde L, Beck-Nielsen H, Sorensen OH, et al. Hormonal
replacement therapy reduces forearm fracture incidence in
recent postmenopausal women—result of the Danish
Osteoporosis Prevention Study. Maturitas. 2000;36:181-193.

2. McClung M, Clemmesen B, Daifotis A, et al. Alendronate
prevents postmenopausal bone loss in women without
osteoporosis. Ann Intern Med. 1998;128:253-261.

3. Mortensen L, Charles P, Bekker PJ, et al. Risedronate
increases bone mass in an early postmenopausal popula-
tion: two years of treatment plus one year of follow-up.
J Clin Endocrinol Metab. 1998;83:396-402.

4. Gallagher JC, Baylink DJ, Freeman R, McClung M.

Prevention of bone loss with tibolone in postmenopausal 7. The Writing Group for the PEPI Trial. Effects of hormone

women: results of two randomized, double-blind, placebo-
controlled, dose-finding studies. J Clin Endocrinol Metab.
2001;86:4717-4726.

5. Nielsen TF, Ravn P, Bagger YZ, et al. Pulsed estrogen thera-

py in prevention of postmenopausal osteoporosis. A 2-year
randomized, double blind, placebo-controlled study.
Osteaporos Int. 2004;15:168-174.

6. Delmas P, Bjarnason NH, Mitlak BH, et al. Effects of ralox-

ifene on bone mineral density, serum cholesterol concen-
trations, and uterine jum in p |
women. N Engl J Med. 1997,337:1641-1647.

therapy on bone mineral density. Results from the
Postmenopausal Estrogen/Progestin Interventions Trial.
JAMA.  1996;276:1389-1396.

. McClung M, Wasnich R, Hosking DJ, et al. Prevention of

postmenopausal bone loss: Six-year results from the Early
Postmenopausal Intervention Cohort Study. J Clin
Endocrinol Metab. 2004;89:4879-4885.

. McClung MR, Wasnich RD, Recker R, et al. Oral daily iban-

dronate prevents bone loss in early postmenopausal
women without osteoporosis. J Bone Miner Res.
2004;19:11-18.

BONE DENSITY AND FRACTURE RISK

of bone loss in early postmenopausal women,
but the value of any single test was not predic-
tive of changes in bone density.® With advancing
age, bone loss progresses, the skeleton becomes
less strong, and fractures of the spine and hip
begin to increase in frequency.'

Bone mineral density-testing measures the
amount of mineral in the skeleton but pro-
vides little information about bone structure
or bone strength. At any age, women with
low T-scores are at greater risk of fracture
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Relationships between BMD T-scores and the 10-year probability of postmenopausal
women of different ages experiencing a vertebral hip fracture
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Adapted with permission from Kanis JA, Johnell O, Oden A, et al. Ten year probabilities of osteoporotic fractures according to BMD and

and diagnostic thresholds. Osteoporos Int. 2001;12:989-995.

than women with higher values." When
BMD testing is adjusted for age, it is an
important determinant of fracture risk in
postmenopausal women. For each standard
deviation (SD) decrease in age-adjusted bone
density, fracture risk approximately doubles.
This means that a woman with a Z-score of
-1 (one standard deviation below age- and
gender-matched controls) is twice as likely to
have a fracture as a woman with average
bone density for her age (Z-score = 0).
However, when postmenopausal women are
stratified by decades of age, important differ-
ences in the relationships between bone densi-
ty and fracture risk are observed'? (FIGURE 1).
For any bone density value, younger women
are at substantially lower risk for fracture
than older women. Another major risk factor

for fractures in postmenopausal is a history
of prior fragility fracture since menopause,
and this risk is independent of BMD values."
Therefore, if bone density testing is not
adjusted for age and prior fracture history,
the resulting T-score value tells us very little
about bone strength and fracture risk.

Few studies have evaluated risk factors for
fracture in women who are aged 50 to 60
years."'¢ Such a study would prove to be dif-
ficult since fracture rates, especially of the hip
and spine, are very low in healthy young post-
menopausal women, in spite of the bone loss
that is already occurring. Fractures at sites
other than the hip and spine occur more com-
monly in young postmenopausal women but
are of much less clinical consequence. In a
group of 87,594 women aged 50 to 64 years
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(average age 57), the overall incidence of frac-
ture was 8.4/1000 women-years, and the com-
bined incidence of hip and spine fracture was
0.2% per year." In a cohort of 3068 peri-
menopausal women, risk factors for fracture
included low bone density, history of previous
fracture, maternal history of hip fracture, and
having other medical problems.”* Many com-
monly perceived risk factors, including age at
menopause, years since menopause, calcium
or caffeine intake, use of alcohol, smoking,
and body size, were not predictive of fracture.

DIAGNOSING OSTEOPOROSIS

The diagnosis of osteoporosis in post-
menopausal women is based solely on bone
density values, although fracture risk is esti-
mated on the basis of bone density and other
clinical risk factors.” A diagnostic threshold
of 2.5 SDs below the average value in young
women (T-score —2.5 or lower) now defines
osteoporosis in postmenopausal women. This
diagnostic threshold was chosen by a task
force of the World Health Organization
(WHO) based on epidemiological considera-
tions, and it effectively identifies women at
moderate to high fracture risk." However,
many women whose bone density values do
not meet the criteria for osteoporosis are at
moderate or even high risk for fracture
because of age, prior fracture, or other risks,
and most fragility fractures occur in women
whose BMD values are not consistent with
osteoporosis.'*

The diagnosis of osteopenia, meaning low
bone mass, was also defined by the WHO for
epidemiological purposes and was not meant
to be a clinical diagnosis. Osteopenia in post-
menopausal women includes those with T-
score values by DXA between -1 and -2.5. In
healthy young women, the normal range of
bone density values (mean + 2 SDs) expressed
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Recommendations for
bone density testing

Based on evidence from prospective clinical trials, the
United States Preventive Services Task Force has rec-
ommended that bone mineral density (BMD) be meas-
ured in all women 65 years of age and older.' They also
recommend testing for women between ages 60 and
65 who have other risk factors for low bone density
including low body weight and estrogen deficiency.
Because of lack of evidence that bone density testing
or treatment of young postmenopausal women is of
value, they made no recommendations about bone
density testing for postmenopausal women younger
than age 60. The National Osteoporosis Foundation, in
collaboration with organizations such as the American
Academy of Orthopedic Surgeons, the American
College of Obstetricians and Gynecologists, and The
North American Menopause Society, have recommend-
ed that bone density testing be performed routinely in
women 65 years of age and older and in younger post-
menopausal women with important risk factors for low
bone density, including being in the lowest quartile of
body weight (less than 127 lb) and having a personal or
family history of fragility fracture.>?
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as a T-score is =2 to +2. Thus, many women
with osteopenia actually have low-normal
bone density values.

The use of this diagnosis in bone density
reports has resulted in substantial confusion,
for it is a diagnosis with little clinical mean-
ing. A diagnosis of osteopenia does not nec-
essarily mean that bone loss has occurred,
that bone strength is significantly impaired,
that the patient is at high fracture risk, or that
pharmacologic treatment is warranted.” Both
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a 52-year-old woman with a T-score of -1.2
and an 80-year-old woman with a T-score of
—2.4 can be categorized as having osteopenia,
but the risk of having any fracture varies by
more than 4-fold between these 2 women,
and the probability of having a hip fracture is
about 15 times greater in the older woman.
The WHO criteria for postmenopausal
osteoporosis do not apply to premenopausal
women in whom the relationship between
bone density and fracture risk has not been
defined, and they apply only to measures made
by DXA of the proximal femur and, in the
United States, of the lumbar spine. T-scores
derived from other bone-density testing
devices (quantitative CT, ultrasonography) or
in other skeletal sites, such as the finger or
heel, do not have the same meaning in terms of
age-related fracture risk as DXA results.”?
However, some of these measurements have
been to predict
Additionally, the relationship between bone
and fracture risk may be different in secondary
causes of osteoporosis such as that associated
with glucocorticoids.” As a result, the WHO
criteria do not apply to those conditions.

shown fracture risk.

PREVENTING BONE LOSS

AND FRACTURES
The primary objective of treating patients with
osteoporosis or those who are at risk for the
disorder is to reduce the likelihood of frac-
tures.” The means of accomplishing this objec-
tive include methods that preserve or improve
bone strength and reduce the likelihood of
falls and injuries that lead to fractures.

Calcium and Vitamin D

In elderly women with osteoporosis, very low
calcium intake or malabsorption of calcium due
to vitamin D deficiency or intestinal disease that
results in secondary hyperparathyroidism and

accelerated bone loss is commonly observed.”
In early menopausal women, the increased bone
resorption that occurs with estrogen deficiency
is not associated with increased levels of
parathyroid hormone.* Thus, it is no surprise
that increasing calcium intake has little effect on
bone density values in early postmenopausal
women except for those with marked calcium
deficiency.”” Recommending a total daily calci-
um intake of 1200 to 1500 mg daily and 400 to
800 units of vitamin D daily is appropriate to
prevent significant calcium malabsorption.
Calcium and vitamin D therapy protects older
adults from fractures, but this effect has not
been observed in younger postmenopausal
women who have a lower fracture risk.?*

Exercise

Impact-loading exercise may have important
effects on bone mass in growing animals and
children.’® 3" The results of prospective exer-
cise interventions on BMD values in post-
menopausal women have been mixed, but
even the most dramatic responses are quite
small.*** In women beyond the menopausal
transition, regular exercise may slow the rate
of bone loss.*

Pharmacologic agents

Three classes of drugs—estrogen, selective
estrogen receptor modulators (SERMs), and
bisphosphonates—are approved for the pre-
vention of bone loss in postmenopausal
women without osteoporosis (TABLE 2). By
reducing bone turnover to levels seen in healthy
premenopausal women, these agents prevent
bone loss and preserve skeletal structure.*
Estrogen therapy prevents bone loss in almost
all women, even at lower dosages.”* No dif-
ferences in effect are apparent between oral
and transdermal estrogen preparations. Upon
discontinuation of estrogen, the bone gains
observed with therapy are quickly lost.**
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Therapies approved for preventing bone loss in
postmenopausal women without osteoporosis

Contraindications

Drug Dosage or precautions Side effects
Estrogen Variable dosages Unexplained uterine Breast tenderness
and routes bleeding Vaginal bleeding
of administration Known breast cancer (with combined estrogen-
Active or previous progestin)
venous thrombosis Stroke
Venous thrombosis
Raloxifene 60 mg daily Active or previous venous Hot flushes

thrombosis

Muscle cramps
Venous thrombosis

Bisphosphonates
Alendronate

Risedronate

|Ibandronate

5 mg daily or 35 mg
once weekly

5 mg daily or 35 mg
once weekly

2.5 mg daily or 150
mg once monthly

Hypocalcemia

Inability to remain upright
after dosing

Renal insufficiency

Disorders of esophageal
motility (alendronate)

Bone and muscle pain
Abdominal pain

Raloxifene prevents bone loss, at least in
older women with osteoporosis, and preliminary
information suggests a reduced incidence of
breast cancer in those adherent to this therapy.**
Because the skeletal effect of raloxifene is medi-
ated by the estrogen receptor, it is anti-cipated
that skeletal protection would wane quickly
upon discontinuation.

In studies of 2 to 6 years’ duration, bispho-
sphonates induce modest increases in bone den-
sity and preserve skeletal structure.***° Bone
loss ensues upon discontinuation of bisphos-
phonate therapy, but the rapid “catch-up” loss
observed with estrogen is not seen.**! There is
little advantage in combining inhibitors of bone
remodeling except possibly in the addition of a
bisphosphonate when very low dosages of
estrogen used to control menopausal symptoms
are not effective in preventing bone loss or
where vaginal estrogens are used primarily for

local symptoms and the impact of these estro-
gen dosages are not known.”

Neither raloxifene nor bisphosphonates
have been observed to reduce fracture risk in
younger postmenopausal women without
osteoporosis, although none of the studies have
been large enough to evaluate the effect on
fracture risk adequately. In perimenopausal
women, estrogen therapy significantly reduced
the incidence of wrist fractures by 57% (confi-
dence interval, 15%-78%; P = .01).® The
absolute risk reduction was 2.5% (from 3.9%
in the control group to 1.4% in the treated
group). No effect on the occurrence of other
fractures was observed.

In the Women’s Health Initiative studies,
estrogen with or without progestin reduced the
incidence of clinical fractures and fractures of
both the hip and the spine in low-risk popula-
tions.”** The annualized incidence of spine and
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hip fractures was reduced by about 5/10,000
women, resulting in number-needed-to-treat of
about 2000 per year. Importantly, the frequen-
cy of experiencing a venous thrombotic event
with hormone therapy was as great as was the
likelihood of preventing a fracture of the hip or
spine.” Since the risk of venous thrombosis
with raloxifene is similar to that seen with
estrogen, a similar risk/benefit ratio would be
expected with that treatment of women at low
risk for fracture.”**’

Even if these agents reduce fracture risk in
younger postmenopausal women without
osteoporosis to the same extent as seen in older
women with osteoporosis, treatment would
not be cost-effective unless there was very long-
term residual skeletal protection upon discon-
tinuation. Treatment with alendronate of post-
menopausal women between the ages of 55
and 75 years who had BMD T-scores between
-1.6 and -2.4 but no other risk factors was
shown to be not cost-effective.”*

Fall prevention

Multifaceted fall prevention programs, which
should include weight-bearing and resistance
exercises, may be effective in reducing the
incidence of falls by 30% in elderly adults,
but they have not been demonstrated to
reduce fracture risk.” Because the risk of
falling and fractures is low in healthy young
menopausal women, it is unlikely that exer-
cise would reduce fracture risk. However,
remaining physically active will help
maintain muscle strength and balance and
might be of benefit in reducing fracture risk
in later life.

Overall, lifestyle factors have modest but
important effects in preventing bone loss in
healthy postmenopausal women. Bone loss
can be effectively prevented with any of sever-
al pharmacologic agents; however, the clinical
impact of fracture risk reduction in women at

low risk for fractures is small, and with some
agents this benefit may be offset by important
side effects.

DISCUSSION OF THE CASE

Although this patient does not meet the cri-
teria for bone density testing, measurement
of bone density was the only way to address
her concerns about her bone health. The
results, with values that are best described as
being in the low-normal range for young
women, are not unexpected for her age and
do not imply that excessive or even signifi-
cant bone loss has occurred. Given her age
and lack of other risk factors, the patient’s
current risk of experiencing a fracture of the
hip or spine is very low. Calculated from the
data by Kanis, the probability that this
patient will experience either a spine fracture
or hip fracture over the next 10 years is
about 4% (FIGURE 1). In the absence of
osteoporosis, height loss, or clinical evidence
of medical problems that adversely affect
skeletal health, no further laboratory or
imaging studies are warranted.

CASE RESOLUTION
After a discussion with the patient in which the
physician reviewed the patient’s risk factors,
explained the meaning of her bone density test
results, and discussed the treatment options,
the patient was relieved to know that her cur-
rent risk of experiencing a fracture was quite
low. She understood that bone loss in women
her age occurs very slowly and that general
measures would be helpful in preventing bone
loss. She increased her calcium intake to 1500
mg/d, began taking a multivitamin containing
vitamin D, and began walking for exercise. Plans
were made to re-evaluate her skeletal status,
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including a repeat bone density study, in 2 or 3
years. If the patient had been very anxious
about her skeletal health and not reassured by
the information provided regarding her fracture
risk, therapy with raloxifene or a bisphospho-
nate would have been considered in an effort to
provide peace of mind and confidence in her
daily routine if she had no residual menopausal
symptoms. If she also suffered from persistent
menopausal symptoms (ie hot flashes, night
sweats, and vaginal dryness), in keeping with
ACOG guidelines hormone therapy at the small-
est effective dose for the shortest possible time
might have been considered as well to provide
symptom relief and prevent bone loss.®
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CME POSTTEST

SUPPLEMENT

QBG

To obtain 1 AMA category 1 credit for this course of study, circle the correct responses below and complete
the CME credit application and program evaluation on page 12. Mail or fax pages 11 and 12 to: Estrogen
deficiency during menopause: Case 2, University of Wisconsin Medical School Office of Continuing Medical
Education, 2701 International Lane, Suite 208, Madison, WI 53074. Fax: 608.240.2151. No fee is required
for this CME program. This test is valid through August 2006; no credit will be given after this date. You
must correctly answer 7 of the 10 (70%) questions to receive credit.

1. Bone density remains stable in healthy

premenopausal women, but

a. Diminishes with increasing levels
of estrogen

b. Bone loss occurs as a result of cytokine-
induced activation of osteoclastic bone
resorption in early menopause

c. Is solely dependent on genetic factors

2. In women who are within 5 years after
menopause, bone loss averages
a. 1% to 2% per year
b. 5% to 7% per year
. More than 10% per year

3. In postmenopausal women, osteoporosis is
now defined by the World Health Organization
(WHO) as
a. A diagnostic threshold of 2.5 standard
deviations below the average value in young
women (T-score —2.5 or lower)

b. AT-score that is double the score for an older
menopausal woman

c. Based on a combination of bone density
values and fracture risk

4. The United States Preventive Services Task
Force has recommended that bone mineral
density (BMD) be measured
a. In all women beginning at menopause
b. Only in women aged 65 years and older who

weigh less than 120 b and have a history of
fracture
c. In all women aged 65 years and older.

5. The WHO criteria for postmenopausal

osteoporosis apply only to

a. Postmenopausal women in whom bone
fracture risk has not been assessed

b. Measures made by DXA of the proximal
femur and the lumbar spine

c. T-scores derived from CT scan or
ultrasonography.

6.

10.

Calcium and vitamin D therapy, which
protects older adults from fractures, has
been proven to be highly effective in younger
postmenopausal women.

a. True

b. False

What 3 classes of drugs are approved

for the prevention of bone loss in post-

menopausal women without osteoporosis?

a. Estrogen, selective estrogen receptor
modulators, and bisphosphonates

b. Estrogen, selective estrogen receptor
blockers, and calcium channel blockers

c. Estrogen, statins, and cathepsin K inhibitors

. The bone gains that were observed with therapy

for osteoporosis are very quickly lost upon
discontinuation of which agent(s)?

a. Estrogen

b. Estrogen and raloxifene

c. Estrogen, raloxifene, and bisphosphonates

Hot flushes, muscle cramps, and venous
thrombosis are side effects of which therapy
for preventing bone loss?

a. Bisphosphonates

b. Estrogen

c. Raloxifene

Results from the Women’s Health Initiative
found that estrogen with or without
progestin reduced the incidence of clinical
fractures and fractures of both hip and spine
in low-risk populations.

a. True

b. False
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APPLICATION FOR CME CREDIT

To obtain 1 AMA category 1 credit for this course of study, complete the CME posttest on page 11, as well as
the CME credit application and program evaluation on this page. Mail or fax both pages to the address below.
No fee is required. This CME program is valid through August 2006; no credit will be given after this date.

Name

Specialty Institution

Address

City State Zip

Telephone
Please check one: (JMD [1DO [1 Other
I claim credit(s) of category 1 AMA PRA credit (up to 1 credit).

Signature

PROGRAM EVALUATION

The University of Wisconsin Medical School values your opinion. Please check the box that best reflects your
views on the following statements about this educational activity.

Yes No
1. Learning objectives were met. d ]
2. Content was relevant to my practice. d )
3. Presentation was clear and organized. a a
4. Author demonstrated expertise in topic. a 0
5. Content was fair, balanced, and free of commercial bias. a )

If no, please explain.

Estrogen deficiency during menopause: Case 2

University of Wisconsin Medical School

Office of Continuing Medical Education

2701 International Lane

Suite 208

Madison, Wl 53074 Fax: 608.240.2151
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