Osteoporosis Prevention: Strategies Applicable
General Population Groups

for

Fred Heidrich, MD, MPH, and Robert S. Thompson, MD

Sedttle, Washington

Osteoporosis is a common condition of the elderly population that entails consid-
erable morbidity and mortality. Although prevention recommendations often focus
mperimenopausal women, the condition begins well before the age of meno-
pause and also affects men. Prevention techniques include hormonal replacement
therapy, optimization of calcium intake and absorption, weight-bearing exercise,
cessation of tobacco and alcohol abuse, fall prevention, and management of pre-
disposing medical conditions. All of these techniques are analyzed by commonly
accepted criteria. Recommendations for osteoporosis prevention that are applica-

beto general population groups are presented.

sthe number of elderly people in the United States
A increases, osteoporosis has become a focus of atten-
tionin the lay and scientific press as well as in the adver-
tising media. Health consequences of osteoporosis are
considerable and largely mediated through falls. Falls are
tre leading cause of accidental death in persons 65 years
ddor older.I2 Treatment of the established syndrome is
oflimited effect, so techniques of prevention are important
to consider. Recently published comprehensive recom-
mendations for adult health maintenance have not in-
cluded osteoporosis prevention34 or have limited recom-
mendations to women at the time of menopause.5 Con-
sidering the high prevalence of osteoporosis and its
occurrence in men as well as women, consideration of
more vigorous prevention strategies is warranted. Such
strategies include promotion of maximum peak bone
density in the fourth decade of life as well as minimization
ofthe subsequent decline in bone density, which occurs
inthe second half of life.

At Group Health Cooperative of Puget Sound, there
were 132 hospitalizations for hip fracture in persons 45
yearsold or older in 1983 alone. Based on the magnitude
and importance of the osteoporosis problem, the Group
Health Medical Staff Committee on Prevention (MSCP)
performed a comprehensive analysis of various modalities
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for prevention with the intent of arriving at a prudent
strategy that could be widely recommended to enrollees.
The MSCP was established in 1978 to serve as a forum
for discussion and development of practice and program
recommendations in primary and secondary prevention.6
Specific, widely recognized criteria for evaluating screen-
ing and preventive strategies are used.578 The present re-
port is the result of deliberations and practical recom-
mendations for prevention employing this approach.

REVIEW BY SPECIFIC CRITERIA

1 The condition must have a significant effect on the
quality or quantity of life. Osteoporosis is a decrease in
bone density to such a degree that fractures occur from
trauma normally not expected to result in fracture. Annual
costs of osteoporosis-related fractures in the United States
have been estimated as $6.1 billion.9 The most common
osteoporosis-related fractures are of the proximal femur,
vertebral body, distal forearm, proximal humerus, and
ribs. Of these sites the proximal femur fracture, or “hip
fracture,” affects quality and quantity of life to the greatest
extent. Fracture-related mortality is 12 to 20 percent and
occurs mostly in the first four months following fracture.10
Among those who were living at home at the time of
fracture, about one half have a deterioration in social
function over a 2\-year follow-up period.ll

2. The incidence ofthe condition must be sufficient t
justify the cost o fscreening. Osteoporosis-related fractures
are predominantly seen in postmenopausal women and
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TABLE 1. RISK FACTORS FOR OSTEOPOROSIS

Nonmodifiable
Small, thin body habitus
Female
Nonblack race

Modifiable Factors

Estrogen deficiency

Calcium deficiency

Immobilization/inactivity

Alcoholism

Smoking

Certain co-existing medical
conditions (see Table 2)

men aged over 65 years. In the United States in 1984,
there were 28.5 million women aged over 55 years and
11.3 million men aged over 65 years, and this population
at risk is predicted to increase at least through the year
2000.12Falls are common in the elderly population and
are often a co-factor with osteoporosis in fractures.
Twenty-five to 40 percent of individuals aged 65 years or
older experience at least one fall per year with a resultant
fracture 6 to 8 percent of the time.213

Osteoporosis has been estimated to be a factor in 70
percent of fractures among white women aged over 40
years and in 15 percent of white men of similar age. 44
Hip fracture incidence is about 1 percent per year in
women enrolled in Medicare, with a cumulative incidence
by 90 years ofage of 32 percent for women and 17 percent
for men.1015 The hip fracture rate in black women, one
half that of white women, is also substantial. Spinal
compression fractures have occurred in 25 percent of
white women by the age of 65 years, while humeral and
distal forearm fractures each have an incidence of about
0.6 percent per year among women aged 60 to 74 years.
Thus the late form ofthe syndrome characterized by frac-
tures is extremely common. The incidence of earlier stages
of osteoporosis is unknown, largely because of lack of
diagnostic criteria.

3. The condition must have an asymptomatic period

during which detection and treatment significantly reduce
morbidity or mortality. Osteoporosis is a disease of insid-
ious onset involving a long presymptomatic phase. Bone
mass (or density) is the factor usually used to quantify
osteoporosis, although other factors are also associated
with bone fragility.1617 Peak bone mass occurs at about
35 years. From that chronologic milestone onward,
women may lose 45 percent of their vertebral bone mass
and 55 percent of the proximal femur mass over their
lifetime. Men start at about 30 percent higher peak mass,
and lose at a lower rate. The loss of bone in men is linear
at a rate of about 0.3 percent per year. In women a more
complex pattern is seen, with losses of up to 2 percent
per year occurring for about five years immediately after
menopause, and a more gradual loss (0.2 to 0.7 percent)
before and after that accelerated phase.1820 Two general
strategies for preventing osteoporosis, then, are (1) to in-
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crease the peak bone mass early in life, and (2) to deoreese
the rate of decline later in life.

Detection and treatment of osteoporosis prior to tre
symptomatic phase are important for two reasons. Frst
symptomatic manifestations (fractures) entail consider-
able effects on the quality and duration of life. Second,
because, with the possible exception of exercise, com
monly employed preventive measures merely decrease a
halt the rate of bone loss, not restore lost density; the
earlier such measures are initiated, the more effective they
will be.

4, Tests that are acceptable to patients must be av
able at reasonable cost to detect the condition in tre
asymptomatic period. Efforts at early detection of osteo-
porosis are comparable to efforts at early detection ofath
erosclerosis. In each disease a long asymptomatic phese
precedes clinical manifestations, with a gradual progres-
sion of pathologic correlates of disease (decreased bore
density or atheromatous plaques). While pathologic find-
ings can be measured for each process, early recognition
is most practical in a clinical setting by risk-factor iden+
tification.

Risk factors for osteoporosis can be classified as mod-
ifiable (where intervention is a plausible means of csteo-
porosis prevention) and nonmodifiable (but useful to alert
the clinician to increased risk) (Table 1). A family history
of osteoporosis and few pregnancies are sometimes listed
as risk factors, but supportive data are not convincing.

In general, the risk factors listed are easily determined
by history or physical examination. Estrogen deficiency
occurs in women after menopause or oophorectomy and
in those amenorrheic because of athletic training or ele-
vated prolactin levels.2,2 All of these factors have been
associated with osteoporosis, and the risk increases with
the number of years since cessation of menses. Insufficient
calcium intake is widespread. In the United States nore
than three quarters ofall women have daily intakes below
the recommended daily allowance (RDA) guidelines of
0.8 g.8 Premenopausal women and women on estrogen
replacement therapy have been found to require 10gof
calcium daily to maintain calcium balance, while post-
menopausal women require 1.5 g.24 Checklists are com-
monly available through local dairy councils to aid inthe
assessment of calcium intake. Decreased absorption of
calcium can also lead to deficiency and may occur in mal-
absorption syndromes, in lactase deficiency, and with vi-
tamin D deficiency. Activity level is clearly important and
is measured on a continuum, with bedrest as the greatest
risk for bone thinning. Among ambulatory people bone
density correlates well with the amount of weight-bearing
activity.25 Alcoholics are at increased risk for osteoporosis
even ifthey remain productive in their careers.26 Similarly,
smokers have decreased bone density.27,28 Blacks, both
male and female, have higher bone density than whites
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ofthe same sex and twofold lower fracture rates.2 Little
isknown about risk in other races. Fracture risks vary
among geographic regions and among different racial
groys in a given region, but how much of the effect is
mthe basis of race is unknown. Numerous medical con-
ditions and therapies have been associated with osteo-
porcsis and are listed in Table 2.

Unfortunately, at the present time, quantification of
relative and attributable risk for individual osteoporosis
risk factors and combinations is not possible. Similarly,
tre discriminatory ability of risk factors is unknown.
Nevertheless, from a practical standpoint risk factors can
both indicate which patients are at relatively higher risk
and point to areas of intervention.

Awide variety ofradiologic approaches to osteoporosis
detection have been studied. Quantitative computerized
tomography and single and dual photon absorptiometry
have been employed widely in studies of treatment effi-
cacy. None, however, has yet shown sufficient discrimi-
natory power to be applicable for general screening pur-

30
oSS,

Insummary, screening for osteoporosis should be lim-
ited to risk factor identification. The cost of risk factor
determination in the context of a preventive care visit is
negligible and entails no patient discomfort. It is not
known which risk factors or combinations thereofare the
best predictors of disease, but risk factor modification is
areasonable course given present knowledge.

5. Acceptable methods oftreatment must be available.

6. Treatment in the asymptomatic phase must yield a
therapeutic result superior to that obtained by delaying
treatment until symptoms appear. Because of the large
number of treatment options to consider, factors 5and 6
are considered jointly for each option. The justification
forattempting treatment in the asymptomatic phase has
been discussed above, so evidence of treatment efficacy
and treatment acceptability will be the present focus.
Studies of efficacy commonly report bone density rather
than fracture rate as the outcome indicator. Bone density
isnot an ideal predictor of fractures,17but is currently the
most practical object of study.

Hormonal Replacement Therapy

Several prospective controlled studies in perimenopausal
worren, with two years or more of follow-up of bone den-
sity, have shown significant benefit from estrogen replace-
ment therapy. 2031 34 Whether bone density remains rel-
atively stable or increases with estrogen therapy is con-
troversial, though small but significant increases in density
with estrogen have been reported.203,3 Some workers
have classified recently postmenopausal women into rapid
and slow loser subgroups. Estrogens have been found ef-
fective in both groups.3%
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TABLE 2. MEDICAL CONDITIONS ASSOCIATED WITH
INCREASED RISK OF OSTEOPOROSIS*

Endocrine Disorders
Hyperparathyroidism
Hyperthyroidism
Hyperadrenalcorticalism
Premature menopause

(including surgical) and
amenorrhea

Congenital Disorders
Turner’s syndrome
Kleinfelter's syndrome
Homocystinuria
Testicular feminization
Adrenogenital syndrome

Medications
Corticosteroids
Heparin
Thyroid hormone
Aluminum-containing

antacids
Furosemide
Anticonvulsants

Immobilizing Disorders
Parkinsonism
Rheumatoid arthritis
Bed rest
Paralysis from any cause

Gastrointestinal Disorders
Peptic ulcer disease
Malabsorption syndrome
Lactase deficiency
Postgastrectomy

= In addition, conditions that make one prone to falls or that are treated with
medications that cause gait instability (neuroleptics, vasodilators, diuretics)
increase the risk of fractures as a manifestation of osteoporosis

Studies of fracture rates with estrogen are more limited
but consistent with bone density studies. Case-control
studies of hip fractures have found relative risks of 0.4 to
0.7 among estrogen users.37-40 In each study, the risk de-
creased the longer estrogen was continued or increased
with increased time since cessation of estrogen. In a pro-
spective study of secondary prevention of vertebral frac-
tures, Riggs et al4l reported an almost threefold reduction
among those receiving estrogens.

Estrogens appear effective in doses equivalent to 0.625
mg of conjugated estrogen if started from two months to
six years after cessation of menses.3L3442 It is not known
how much later they can be started and still be effective.
A lower dose ofestrogen (0.3 mg) combined with calcium
may be as effective but has not been extensively studied.43
Optimal duration oftherapy is unknown, though contin-
uation after the age of 70 years is not generally recom-
mended. After cessation of estrogen therapy, bone density
begins to decline in a fashion similar to that at normal
menopause.d

A major risk of estrogen therapy is endometrial cancer.
The reported magnitude of the relative risk has varied
from 1.7 to 20 times.4445While estrogens are most strongly
related to localized endometrial cancer, the risk of invasive
and extrauterine forms is also increased.4546 Overall mor-
tality has not been found to be increased in estrogen users,
perhaps because of concomitant beneficial effects.47 Es-
trogen therapy has also been associated with a 2.5-fold
relative risk of surgically treatable gallbladder disease.®8
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Beneficial effects of estrogens include decreased hot
flashes and reversal of vaginal atrophy. Two recent cohort
studies reached opposite conclusions regarding a beneficial
or detrimental effect of estrogen on coronary artery dis-
ease.Z980Concurrent cyclic administration of progesterone
and estrogen has been suggested to decrease risk of en-
dometrial cancer.5l Progesterones, however, including
medroxyprogesterone acetate, may have adverse effects
on serum lipids,32253 and many women find the resump-
tion of menses associated with cyclic progesterone therapy
unacceptable.5 Nevertheless, the weight of evidence cur-
rently favors the use of progesterone for women receiving
estrogen replacement therapy, unless the uterus is surgi-
cally absent.

In summary, strong evidence supports a beneficial effect
of estrogen replacement therapy in preventing osteopo-
rosis; however, adverse effects of estrogen or progesterone
limit somewhat the general applicability. Estrogen re-
placement therapy is most clearly indicated for women
with premature surgical menopause. Other women at high
risk for osteoporosis are candidates for hormonal replace-
ment therapy after risks and benefits are thoroughly dis-
cussed. Younger women with diet- or exercise-related
amenorrhea should be considered candidates for hor-
monal therapy unless return of menses is anticipated
shortly.

Calcium and Vitamin D

Evidence for a role of calcium intake in prevention of
osteoporosis is not so strong as that for estrogens, but the
associated risks are less for calcium. Epidemiologic studies
suggest that lifelong adequate calcium intake, including
during the growth and consolidation phases (up to 35
years), is important for preserving bone density later in
life.3356 Some, but not all, prospective placebo-controlled
studies in healthy postmenopausal women have found
calcium supplementation to be helpful in slowing the rate
of bone density decline.233 Two recent studies of early
postmenopausal women suggest that calcium supplements
may have relatively little effect on postmenopausal bone
density loss. In this group of women the benefits appear
to be considerably less than those of estrogens and may
be limited to cortical bone.4357 However, in a group of
women with a history of osteoporotic vertebral fractures,
Riggs and co-workers4l found calcium supplementation
effective in reducing by one halfthe rate of vertebral body
(trabecular bone) fractures, suggesting benefit in manifest
osteoporotic disease.

Premenopausal women and women on hormonal re-
placement therapy have been found to require 1.0 g of
calcium daily to maintain calcium balance, whereas post-
menopausal women not on therapy require 15 g.24 A
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recent prospective study of normal women in el
menopause brings these values into question.5 Women
were classified into three groups with calcium intakes d
1.0to 2.0 g daily, and no differences in rate of bone dersity
decline were observed. However, the median calcium in
take among US women postmenopausally, 500 mg,3
considerably below any of the groups studied. Men av
children have not been studied so intensively froma
osteoporosis standpoint. The RDA guidelines seem a rea
sonable recommendation for these groups.

Vitamin D isrequired for optimal calcium absorption.
Persons with decreased renal function and those with litle
exposure to sunlight are at risk for deficiency. Fortified
dairy products are the main dietary sources. No controlled
studies have demonstrated a benefit from vitamin Dsp-
plementation, but 400 to 800 IU daily is a prudent pe
caution for those at risk.

Risks of calcium supplementation occur mainly inte
overzealous. Calcium intakes in excess of those recom:
mended above have caused milk-alkali syndrome, &
pecially when the carbonate form is used as a supplement.
Kidney stones are said to seldom result from modest -
cium supplementation,8 but formal trials in general pop-
ulation groups have not been reported. Patients with ds
eases that predispose to hypercalcemia (sarcoidosis, hy
perparathyroidism, certain malignancies) should not te
given supplemental calcium.

In summary, the importance of calcium intake in
teoporosis prevention is uncertain. The beneficial effects
may be limited to particular skeletal sites. While nmost
studies have included only perimenopausal women, tre
benefits of calcium may be greatest with lifelong adequate
intake, supplementation in those aged over 65 years, ad
those with known osteoporosis. Benefits in men are un-
proven. Although calcium supplementation alone should
not be considered adequate prevention in high-risk in
dividuals, it is a safe and probably effective component
of a comprehensive prevention program.

Exercise

Several prospective, controlled studies have shown a ben-
eficial effect of weight-bearing exercise on bone density
in postmenopausal women of varying age and health sta-
tus.61-63 The duration of exercise studied varied from ae
halfto one hour three times a week. No controlled studies
of exercise and fracture rate have been reported. Epide-
miologic studies showing increased bone density in weight-
bearing portions of athlete’s skeletons support a similar
role of exercise earlier in life and in men.16 Exercises to
promote cardiovascular fitness would also be likely to
promote bone health so long as they are ofa weight-bear-
ing type, such as dancing, walking, or calisthenics. Risks
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ofsuch exercise have not been completely quantified, al-
though obviously the program advised must take into
consideration the physical limitations of each patient to
awoid causing injuries.64

Alcoholism, Smoking

Bothalcoholism and smoking have been found to be as-
sociated with osteoporosis, but no studies of intervention
inthese habits for osteoporosis prevention have been re-
ported. Considering the other health effects ofthese habits,
itwould appear prudent to incorporate cessation advice
inan osteoporosis prevention program.

COther Medical Conditions

Numerous medical conditions (Table 2) have been as-
sociated with osteoporosis. Interventions aimed at cor-
recting endocrinopathies and malabsorption states and
minimizing immobilization and medications associated
with osteoporosis would appear sensible, but there is no
empirical support of efficacy. Falls often precipitate frac-
tures in osteoporotic individuals. A fall in an elderly in-
dividual, even when no injury occurs, must be taken as
aserious warning sign to consider fall prevention. Am-
bulation assists, such as walkers and environmental mod-
ifications, including no-slip treads and handrails, and
minimization of psychotropicé and hypotensive medi-
cations are reasonable strategies to help prevent the man-
ifestations of osteoporosis. Wandering has been found to
be a major risk factor for hip fracture among demented
patients.66

CONCLUSIONS

Osteoporosis is a problem of considerable impact. Early
detection is imprecise, and no clinically applicable
screening tests exist at present. A large number of risk
factors have been identified, however, and modification
ofthese factors appears warranted in many cases. Such
intervention should be considered in the second or third
decade of life to promote maximum peak bone density.
Among preventive techniques, evidence of efficacy is
strongest for estrogen replacement therapy, but risks are
also highest. Estrogen should be considered for high-risk
women at the time of cessation of menses, especially if
cessation is premature. Adequate calcium intake isa pru-
dent recommendation for all age groups, although evi-
dence of efficacy is not definitive. Weight-bearing exercise
isbeneficial to bone and may have additional health ben-
efits. Elimination of other risk factors is prudent where
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TABLE 3. SUMMARY OF RECOMMENDATIONS

Estrogen replacement

Calcium intake

Exercise

Habit modification

Management of
co-existing
diseases

Recommended for high-risk women
from cessation of menses to 70
years. Given as 0.625 mg
conjugated estrogen (or
equivalent) daily 25 days each
month

For women with intact uteri, add
medroxyprogesterone acetate 10
mg daily on days 16 through 25

Assure adequate intake in all age
groups. Recommended daily
intake (add 400 mg for pregnancy
or lactation)—

Children: 800 mg

Teenagers: 1,200 mg

Men: 800 mg

Premenopausal women, women
taking estrogen: 1,000 mg

Postmenopausal women not taking
estrogen: 1,500 mg

Advisable for all age groups; should
be weight bearing, at least 30
minutes three times weekly

Assist with discontinuing smoking
and excess alcohol intake

Limit use of medicines associated
with bone thinning and falls.
Correct endocrinopathies;
minimize immobilization. Suggest
environmental changes to
minimize falls in the disabled or
elderly

practical, although ofunproven benefit in promoting bone
health.

A summary of preventive recommendations arrived at

in discussions in the Group Health Cooperative of Puget
Sound Medical Staff Committee on Prevention appears
in Table 3. There is need for further research that will
delineate in a quantitative fashion the relative risks, at-
tributable risks, and discriminate power of osteoporosis
risk factors, individually and in combination.
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