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Note: The level of evidence indicated for
each study is based on a grading system that
evaluates the scientific rigor of the study
design as developed by the U.S. Preventive
Services Task Force. A synopsis of the levels
is presented at the end of these items.

Stopping Hormone Therapy Reverses
Most Beneficial Effects on Bone

Gallagher JC, Rapuri PB, Haynatzki G, Detter
JR. Effect of discontinuation of estrogen, cal-
citriol, and the combination of both on bone
density and bone markers. 7 Clin Endocrinol
Metab 2002;87:4914-4923.

Elderly women who discontinue
therapy
and/or calcitriol therapy lose much of
the bone mineral density (BMD) gains

postmenopausal  hormone

from treatment, according to this 5-
year, randomized, prospective, placebo-
controlled trial. A total of 489 women
(aged 65-77) were randomized to one of
four treatment groups: hormone thera-
py (HT) alone, calcitriol alone, HT plus
calcitriol, or placebo. Hormone recipi-
ents received estrogen (0.625 mg/day
conjugated equine estrogens) either
alone or with 2.5 mg/day of medrox-
yprogesterone acetate. Calcitriol, a syn-
thetic vitamin D analog, was dosed at
0.25 pg twice daily. The treatment phase
lasted 3 years and was followed by a 2-
year follow-up off drug. Compared with
placebo, all treatment groups at year 3
had statistically BMD

increases in the spine, total body and

significant

total hip; femoral neck and trochanter
BMD increased in all three groups but
was significant only for the HT recipi-

ents. During years 4 and 5 (years 1 and
2 posttherapy follow-up),
. femoral neck, trochanter, total body and
total hip BMD decreased in all three
. treatment groups, with the exception of

spinal,

spinal BMD which increased during
. year 5 in the calcitriol group. Statistical
significance persisted at year 5 for all
. three groups for total body BMD, but
- only the HT plus calcitriol group had
. statistically significant differences for
spinal and total hip BMD. Compared
with baseline, only spinal BMD in the
. combination group was significantly
.~ higher at 5 years. Treatment withdrawal
. reversed the increase in calcium absorp-
tion and the decrease in serum parathy-
. roid hormone levels in the calcitriol
groups, and it reversed the decrease in
. bone markers in the hormone-treat-
. ment groups.

Level | evidence

Comment. This well-designed study is
. extremely timely given the number of
women who are discontinuing hormone .
. therapy following the termination of the
estrogen-progestin arm of the Women’s
. Health Initiative. It has previously been
well-established by numerous studies
.~ that the cessation of hormone therapy in
. carly postmenopausal women results in
either an accelerated or normal rate of
. bone loss. The effect of discontinuation
of calcitriol therapy on BMD has not
. been as widely studied. This study
specifically evaluated elderly (late) post-
. menopausal women. Discontinuation of
all treatments resulted in rapid bone loss
- at all sites, with the majority of the loss
during the first year. Despite this rapid
. bone loss, there was still some benefit
even 2 years after discontinuation of
treatment, especially in the combination
. therapy group. Nevertheless, this report
reinforces the need for clinicians to
| monitor women after discontinuing
hormone therapy and to provide treat-
. ment alternatives for the prevention or
treatment of bone loss in women at risk.

bo-controlled

Risa Kagan, MD

Co-Medical Director

Foundation for Osteoporosis Research
and Education

Oakland, CA

Associate Clinical Professor
Department of Obstetrics and Gynecol-
ogy and Reproductive Sciences
University of California at San Francisco

Estrogen Alone Does Not Increase

Secondary Cardiovascular Risk

i The ESPRIT team. Oestrogen therapy for pre-
¢ vention of reinfarction in postmenopausal
i women: a randomised placebo controlled trial.
¢ Lancer 2002;260:2001-2008.

Estradiol valerate does not reduce

the overall risk of additional cardiac

events in postmenopausal women who

. have suffered a myocardial infarction,
i according to data from the estrogen in
. the prevention of reinfarction trial

(ESPRIT). In this randomized, place-

trial, 1,017  post-

. menopausal women (aged 50-69 years)
. who had survived a first myocardial
infarction received either estradiol
. valerate (2 mg) or placebo daily for 2
years. Women with a uterus did not
. receive concomitant progestogen thera-
py. Primary outcomes were reinfarction
. or cardiac death as well as all-cause
mortality. At 24 months, the frequency
of reinfarction or cardiac death did not

differ between the two groups (risk
ratio for estrogen recipients, 0.99; 95%
CI, 0.70-1.41). All-cause mortality was

also statistically similar between the two
. groups (risk ratio, 0.79%; 95% CI,
0.50-1.27). Among the secondary end-
points (stroke or other embolic event,

endometrial cancer, breast cancer and

i fracture), no outcome reached statistical
| significance.

Level | evidence

Comment. This study adds to the
growing body of randomized clinical

(continued on page 25)
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Does Bone Densitometry
Predict Mechanical Competence

Throughout the Skeleton?

Eva-Maria Lochmiiller, MD
Ralph Miiller, PhD
Felix Eckstein, MD

Several methodologies are available today for diagnosing osteoporosis and evaluating the risk of bone fracture.

These methods display substantial differences in physical background, anatomical measurement location, X-ray

exposure, reproducibility and costs involved. However, it has remained ill-defined which technique clinicians

should use to diagnose and select patients who require antiosteoporotic treatment.

Introduction

Approximately 30% of all post-
menopausal and elderly women in
North America and Europe are affected
by osteoporosis,! defined as a loss of
bone mass and a deterioration of bone
microstructure (Fig. 1) associated with
an increase in susceptibility to fracture.
The risk for osteoporotic fracture is as
high as the combined risk of breast,
endometrial and ovarian cancer, and
60% of all women have encountered at
least one osteoporotic fracture by age
80. These fractures affect quality of life
as well as mortality;> and the associated
costs have been estimated at more than
$14 billion in the Unites States alone.?
At least one prospective study has
demonstrated hormone therapy’s (HT)
effectiveness in reducing bone fracture
risk,* although
remains about the treatment’s value and
whether the benefits outweigh the
risks.57 At the same time, there are oth-

some controversy

er treatments available that are proven
to significantly reduce the incidence of
fractures.® Despite the availability of
effective treatments, a major challenge
remains—accurately identifying those
patients who will benefits most from

treatment. Of equal important is identi-
fying individuals who do not require
treatment.

Bone densitometry has been com-
mercially available for over 20 years to
conduct non-invasive evaluation of
bone mineral status. Dual energy X-ray
absorptiometry (DXA), in particular,
has shaped the field of diagnostics in
osteoporosis. In fact, the current opera-
tional definition of osteoporosis from
the World Health Organization
(WHO) is based on this measurement

technique.” Of course, several other
methods of measuring bone density also
are available. These include quantita-
tive computed tomography (QCT),
peripheral  quantitative
tomography (pQCT),

ultrasound (QUS) and magnetic reso-

computed
quantitative

nance imaging (MRI). These have been
advocated to be highly predictive (e.g.,
QCT and pQCT), involve no ionizing
radiation (e.g., QUS and MRI) or be
less costly (e.g., pQCT and QUYS) than

other techniques. However, it is impor-

Figure 1. Bone mineral content and trabecular microstructure in the distal metaphysic of the radius

a) healthy case, b) osteoporotic case

Images courtesy of Dipl. Ing. Volker Kuhn, Department of Gynecology and Institute of Anatomy,

LMU Mtinchen)
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tant to remember that QCT and QUS
cannot be used to classify patients
according to the WHO criteria of
osteoporosis (> -2.5 SD from healthy,
young subjects of the same gender).!
Spinal QCT yields lower T-scores than
central DXA and would overdiagnose
osteoporosis with regard to WHO cri-
teria. In particular, this applies to
patients aged 50 to 65, for whom no
prospective fracture data exist as a func-
tion of T-scores.

To clarify which of these techniques
can predict mechanical competence of
the skeleton (as a surrogate of fracture
risk) most accurately, we recently
undertook a large experimental study in
which we related these techniques to
mechanical failure loads of the hip,
spine and distal radius of elderly sub-
jects, as obtained from biomechanical
testing experiments in cadavers.

Clinical Studies on Bone

Densitometry and Fracture Risk

A large number of case-control studies
have tested densitometric methods.
However, this review will focus prima-
rily on prospective clinical and experi-
mental investigations.

Cummings and Black,!! as well as
Marshall and colleagues,”> found that
DXA of the hip was best suited to pre-
dict hip fracture, although other studies
have indicated that other sites also may
be of predictive value.'»'* In contrast,
these studies have indicated no clear
preference for site-specific measure-
ments for spinal and radial fractures.

Studies found the predictive value of
bone densitometry to be equal to or
better than that of blood pressure meas-
urements for predicting stroke. Huang
and colleagues' showed that measure-
ments obtained 10 years prior to frac-
ture were almost as predictive as those
obtained within 3 years of fracture, sug-
gesting that bone densitometry has
long-term predictive ability.

Only one prospective study has been
conducted with QCT.'¢ This one sug-
gested that QCT allows for better pre-
diction of spinal fractures than DXA.
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However, case-control studies involving
QCT versus DXA have been inconsis-
tent. There are no prospective studies
published on pQCT. Case-control
studies that have tested the ability of
pQCT to predict radial and spinal frac-
tures (in relation to radial and spinal
DXA) have been contradictory. Howev-
er, one study did find that pQCT of the
distal radius was clearly inferior to
femoral DXA in differentiating subjects
with and without hip fracture.!”

Several large prospective trials have
evaluated the ability of calcaneal QUS
to predict fracture in relation to DXA.
One of these studies concluded that
QUS was as predictive as DXA and
added significant independent informa-
tion to site-specific bone mass.!'® How-
ever, another study found calcaneal
QUS to be slightly inferior to femoral
DXA and determined that it did not
contribute additional information when
corrected for calcaneal DXA." A more
recent prospective report' suggested
that QUS was effective for predicting
distal radius fractures but not hip frac-
tures. Small prospective studies with
phalangeal QUS? and radial QUS*
have indicated that these techniques
may be useful in predicting non-spinal
fractures. Tibial QUS, in contrast, has
been found to be ineffective in discrim-
inating between patients with and with-
out fractures.!’

No prospective clinical trials have
been performed with MRI. However,
case-control studies have indicated that
measurement of microstructural prop-
erties with high-resolution MRI may
add significant information on fracture
risk in combination with DXA 2223

Experimental Studies on Bone
Densitometry and Bone Strength
Experimental (biomechanical) studies
are ideally suited for determining which
skeletal
competence

fraction of a structure’s

mechanical (failure
strength) can be predicted with a cer-
tain method at a given skeletal site.
Results can be obtained at much lower

costs and at much shorter intervals than

with prospective clinical trials. There-
fore, experimental studies play an
important role in the pre-clinical evalu-
ation of new techniques. Specific
advantages and disadvantages of differ-
ent methods can be determined directly
and efficiently, but both the densito-
metric measurements and the mechani-
cal tests should simulate realistic clini-
cal conditions.

Recent studies have shown that the
densitometric, geometric and mechani-
cal properties of bones are highly vari-
able throughout the skeleton in elderly
individuals.?#?*  Site-specific measure-
ments allow one to predict between
50% and 65% of the variability in
mechanical failure loads at all relevant
sites, including the hip, spine and
radius. Site-specific densitometry was
shown to perform significantly better
than non-site-specific analysis (Fig. 2),
which only predicted between 20% and
35% of failure strength variability at
remote sites. Lateral scanning at the
lumbar spine did not involve an advan-
tage over anterior/posterior (AP) scans
in predicting mechanical failure loads of
the thoracic spine, the predominant site
of clinical fracture.?

When comparing lumbar QCT to
DXA, a combination of cortical and tra-
becular density from QCT improved
the ability to predict failure loads of
lumbar vertebral bodies, but not tho-
racic vertebral bodies.?” Structural
information from high-resolution CT
improved the prediction of bone
strength only in combination with den-
sity.?® At the same time, pQCT of the
distal radius and of the lower limb, as
well as QUS of the calcaneus, displayed
significantly lower correlations with
mechanical failure loads than site-
specific DXA and QCT? (Fig. 2).

When examining mechanical com-
petence of the distal radius, pQCT and
DXA (at the radius) were found to be of
similar value, whereas QCT, femoral
and spinal DXA and calcaneal QUS dis-
played significantly lower correlations?
(Fig. 2). No improvement in predictive
value versus DXA was seen when using
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Figure 2. Graph showing coefficients of determination (r2) of different densitometric methods for
the prediction of bone failure loads of the hip (side impact configuration), spine (combined failure
index of thoracic vertebra 6 and 10, and lumbar vertebra 3 in axial compression), distal radius (fall
simulation) and a combined failure index at the hip, spine, at radius.?!

high-resolution pQCT alone to deter-
mine microstructural parameters of tra-
becular bone. However, the predictive
value was substantially improved (r? =
75% vs. 50%) when constructing
microstructural finite element models
from these scans and when simulating
failure in a sophisticated computer
analysis®® (Fig. 3).

The best prediction of femoral fail-
ure loads was achieved by femoral DXA
(Fig. 2), whereas spinal QCT, pQCT of
the distal radius and calcaneal QUS dis-
played substantially lower correlation
coefficients.’’ A pQCT of the lower
extremities (tibia and distal femur)
achieved no advantage over pQCT at
the distal radius.?* Therefore, no
improvement in femoral fracture pre-
diction is to be expected from measure-

ments taken at the lower limb.

When relating densitometric tech-
niques to a combined index of femoral,
spinal and radial failure, most tech-
niques performed equally well, with the
exception of calcaneal QUS which
showed a lower correlation than the
other methods (Fig. 2). Calcaneal QUS
did not add significant information to
site-specific DXA at any site.’! In other
experimental studies, tibial QUS was
found to be inferior to calcaneal QUS
in predicting femoral strength.’> Pha-
langeal QUS was somewhat more pre-
dictive than calcaneal QUS when using
specialized parameters from the ultra-
sound transmission signal.’* Although
phalangeal QUS displayed significantly
lower correlations with failure loads
than site-specific DXA, its predictive

ability of vertebral and femoral failure
strength was similar to that of peripher-
al (non-site-specific) DXA (e.g., the
distal radius).

Conclusions Based on Available

Clinical and Experimental Data

It is evident from experimental studies
that mechanical competence of bones
varies dramatically throughout the
human skeleton, with some sites being
much weaker and others much
stronger. Generally, this will be in
accordance with the given mechanical
function (i.e., conditions) of the bone at
a specific site. However, it is important
to remember the differences between
the sites. Also notable is that the way
mechanical competence is acquired
and/or lost over time at those sites can
vary substantially in individual patients.
For this reason, bone-densitometry at
the site of interest is vastly superior to
densitometry scans at remote skeletal
sites (Fig. 2).

Clinical data suggest that femoral
fractures are best predicted from
femoral DXA, and results of experi-
mental studies support the notion that
site-specific measurements also are sig-
nificantly superior at the spine and
radius. So far, there has been no consis-
tent evidence that QCT is superior to
spinal DXA in predicting vertebral
fracture or that pQCT is superior to
radial DXA in the prediction of radial
fracture. Although some clinical studies
have indicated that calcaneal QUS is
equivalent to femoral DXA for predict-
ing hip fracture, the results of experi-
mental studies are in obvious disagree-
ment with these observations. Studies
have shown tibial QUS to be inferior to
calcaneal QUS, but there are some
indications that phalangeal or radial
QUS may perform similar to or better
than calcaneal QUS. Larger prospec-
tive studies will be necessary to show
whether these techniques are ultimate-
ly useful in the diagnosis of osteoporo-
sis and whether evaluation from trabec-
ular bone structure with high-
resolution QCT, pQCT or MRI adds
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Figure 3. Computer simulation (microstruc-
tural finite element model) of failure in the dis-
tal radius.26 (used with permission)

predictive value to measurement of
bone mass or areal bone density (BMD)
by DXA alone.

One general problem with peripher-
al techniques, however, is that the het-
erogeneity of bone properties restricts
the predictive ability for more central
skeletal sites, such as the femur and
spine, independent of the level of tech-
nical sophistication. For the time being,
therefore, site-specific DXA remains a
“gold standard” for predicting mechan-
ical strength and fracture risk in osteo-
porosis. Because the site of future frac-
ture is unknown, all relevant clinical
sites must be screened to optimally pre-
dict individual patients’ fracture risk. If
only one measurement is performed, it
is important to emphasize that this may
limit prediction for other skeletal sites.
Because hip fractures involve deleteri-
ous consequences for both patients and
society, the proximal femur may be the
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site of preference if only one site can be
measured.

Some of the discrepancies between
techniques could be eliminated with
greater uniformity in WHO classifica-
tion and fracture prediction via creation
of a standardized and consistent refer-
ence population database.’*3¢ In partic-
ular, because a large overlap still exists
in bone densitometry results for
patients with and without fractures,"
further efforts are needed to improve
the non-invasive prediction of bone
strength and fracture risk. These efforts
should allow for more accurate identifi-
cation of patients likely to benefit from
antiosteoporotic treatments than cur-
rently is possible. =
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Department of Gynecology, Ludwig-
Maximilians-University in Munich, Germany.
Ralph Miiller, PhD, is with the Institute for
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News & Commentary (continued)

trial data documenting that estrogen
replacement with either estradiol or
conjugated equine estrogens with or
without concomitant progestin treat-
ment offers no cardiovascular benefits
to those women who already have
coronary artery disease. The non-
significant trends toward lower cardio-
vascular and total mortality should be
viewed with great caution due to the
likely play of chance when considering
so few events. Women with established
heart disease should be encouraged to
use proven forms of therapy for sec-
ondary prevention, including aspirin,
beta blockers and lipid-lowering thera-
pies when not contraindicated.

David M. Herrington, MD, MHS
Professor of Internal Medicine/Cardi-
ology

Wake Forest University School of
Medicine

Winston-Salem, NC

Gabapentin Shows Promise as
Treatment for Hot Flashes

Loprinzi CL, Barton DL, Sloan JA, et al. Pilot
evaluation of gabapentin for treating hot flash-
es. Mayo Clin Proc 2002;77:1159-1163.

Gabapentin, an anticonvulsant drug
marketed as Neurontin, significantly
reduced hot flashes in a small, prospec-
tive, single-arm pilot trial. Investiga-
tors enrolled 24 women with bother-
some hot flashes, defined as at least 14
occurrences per week severe enough to
require treatment. All women received
4 weeks of therapy with gabapentin,
dosed from 300 to 900 mg/day. Of the
16 women who completed the trial,
gabapentin treatment reduced the hot
flash frequency by a mean of 66% and
reduced the hot flash score (frequency
times average severity) by a mean of

70%. Therapy appeared to be well tol-

erated; and at the end of the study peri-
od, 88% of the women chose to con-
tinue therapy.

Level 11-2 evidence

Comment. This uncontrolled trial of
effect of
gabapentin, a commonly prescribed

women evaluated the
anticonvulsant and treatment for neu-
ropathic pain, on hot flashes. It is
somewhat difficult to evaluate the
effectiveness of therapies for hot flash-
es when the study does not have a
placebo arm and is of relatively short
duration (4 weeks). Placebo treatments
are known to improve hot flashes, but
their effectiveness decreases over time.
By 12 weeks, the placebo effect begins
to reverse. Thus, only limited conclu-
sions can be drawn from this report,
and the authors have appropriately
designated it a pilot study. That said,
encouraging aspects of the study are
the large magnitude of reduction in
both frequency and severity of hot
flashes, and the relative tolerability of
the drug. Clinicians might want to
consider this low-toxicity, alternative
treatment for hot flashes while we
await randomized clinical trial data.

Description of the
levels of evidence

Level I: Properly randomized, con-
trolled trial.

Level II-1: Well-designed controlled
trial but without randomization.

Level ITI-2: Well-designed cohort or
case-control analytic study, preferably
from more than one center or
research group.
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