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Abstract 

Osteoporosis can occur at any age. In premenopausal osteoporosis, full 

achievement of peak bone mass may be curtailed, and accelerated bone loss may 

occur in young adulthood. Premenopausal osteoporosis may be associated with 

chronic glucocorticoid therapy, prolonged amenorrhea, anorexia nervosa, 

rheumatoid arthritis, and diseases that affect calcium and vitamin D metabolism. 

Lesser degrees of bone loss may be associated with common conditions such as 

dieting, low calcium intake, smoking, and oligomenorrhea. 

Due to a paucity of prospective studies on screening and treatment in younger age 

groups, few practice recommendations exist to guide management of osteoporosis 

in young adults. We review the most important clinical concerns in 

premenopausal osteoporosis, including measurement of bone mass, normal bone 

accrual, risk factors for premature bone loss, clinical outcomes and management 

issues. We emphasize clinically relevant information for primary care physicians 

who are usually the first to encounter premenopausal patients with risk factors for 

early bone loss. 
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CLINICAL CONSIDERATIONS IN PREMENOPAUSAL 

OSTEOPOROSIS 

Introduction 

Although low bone mass and accelerated bone loss can occur early in life, 

osteoporosis is usually considered a disorder of postmenopausal women. The 

most serious consequences of osteoporosis occur in this age group, and treatment 

outcomes may be poor after a fracture late in life. Hip fractures cause the most 

morbidity and mortality; hip fracture incidence in white women increases tenfold 

from 50.1 per 100,000 per year at ages 50-54, to 530.5 per I 00,000 per year at 

ages 70-741 Vertebral fractures and distal forearm (Colle's) fractures occur more 

commonly after menopause and are associated with a higher subsequent rate of 

h. fr t 2-4 1p ac ure. 

Certain groups of premenopausal women are at high risk of osteoporosis, 

including those with disease states or exogenous influences that promote 

accelerated bone loss. The 2001 NIH Consensus Development Panel on 

Osteoporosis Prevention, Diagnosis and Therapy specified peak bone mass in 
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children and secondary osteoporosis in young adults as important areas for future 

research. 5 At present, relatively little is known about early-onset osteoporosis, 

and no general practice recommendations exist to guide diagnosis and therapy. 

We present an overview of the most important clinical concerns in premenopausal 

osteoporosis, with the goal of increasing awareness of high-risk patients who 

often present first to primary care physicians. This review addresses 

measurement of bone mass, normal bone accrual, risk factors for premature bone 

loss, clinical outcomes and management issues in premenopausal women. 

Methods 

We searched the MEDLINE/PubMed database (1984 to August 2002) using the 

following MeSH terms: osteoporosis, premenopause (for articles on 

premenopausal osteoporosis); bone diseases, metabolic OR low bone mass OR 

bone density OR osteopenia, AND premenopause NOT osteoporosis (for articles 

on premenopausal osteopenia). We reviewed abstracts for all English language 

citations in peer reviewed journals and excluded references for the following 

reasons: studies that included perimenopausal and/or postmenopausal women 

only; studies with premenopausal women as a reference group/control only, 

without analysis and discussion of relevant outcomes in premenopausal patients; 

lack of osteoporosis-related health outcomes; purpose of study was to verify an 

experimental radiological diagnostic tool; insufficient length of study to assess 

significant change in outcome. 
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Our initial search yielded 287 articles on premenopausal osteoporosis of which 

176 articles were excluded, and 202 articles on osteopenia of which 126 were 

excluded; the remaining 185 articles were reviewed for relevance and quality. An 

additional 187 articles from supplementary searches and hand searches of 

reference lists were evaluated. Due to the broad scope of this review and the 

general paucity of prospective studies from our searches, we considered all study 

designs except case reports and diagnostic test verification studies. One author 

(MLG) used a checklist to evaluate the internal validity of scientific studies, 

systematic reviews and meta-analyses. 

Results 

Bone density in younger patients 

The NIH Consensus Panel 2000 adopted a definition of osteoporosis as a skeletal 

disorder characterized by compromised bone strength predisposing to an 

increased risk offracture.6 Bone strength is determined both by bone density and 

bone quality. 

Since fragility fractures are rare in young patients, they are usually not used as 

outcomes in studies of premenopausal bone loss, nor do they serve as the basis for 

diagnosis of early-onset osteoporosis. Instead, bone densitometry measurements 

are used as surrogate indicators of fracture risk. The relationship between bone 

mineral density (BMD) measures and fracture risk is unclear in premenopausal 
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women. In postmenopausal women, a strong relationship exists between bone 

mineral density and fracture risk, such that a 10% decrease in BMD confers a 1.6-

2.6 fold increased risk for spine and hip fracture 7 

MEASUREMENT OF BONE MASS IN YOUNGER PATIENTS 

Bone mineral density (BMD) is a two-dimensional, areal projection measurement 

defined as the average concentration of mineral per unit area, expressed in 

grams/cm2
.
8 It is usually measured by dual-energy x-ray absorptiometry (DXA), 

or by single-energy x-ray absorptiometry in some cases. 

BMD is reported using two scores based on standard deviation measurements: the 

Z score and the T score. The Z score compares the patient's BMD to the mean 

value in age-matched normal subjects. This is the most appropriate measure to 

use for children and young adults who have yet to achieve their lifetime peak 

bone mass. The T score compares the patient's BMD to the mean in a healthy 

young reference population, assumed to represent a standard for peak bone mass. 

Both scores may be adjusted for race and gender. AT score of -2.5 or lower 

meets World Health Organization criteria for osteoporosis.9 AT score between-

2.5 and -1 represents osteopenia; however, since fracture risk may vary widely 

based on age and other factors for patients with osteopenia, this categorization is 

oflimited clinical value8 

Several factors should be considered when assessing bone density during periods 

of longitudinal growth. First, bone density measurements obtained by DXA 
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reflect a two-dimensional rather than a three-dimensional projection and may 

inaccurately capture geometric changes or increases in bone size that occur during 

growth. Additionally, the two-dimensional DXA measure may suggest a falsely 

lower BMD in small-framed individuals, which could be particularly important in 

evaluating premenopausal women. Other techniques, such as quantitative 

computed tomography, measure bone volume (grams/cm3
) and may better 

characterize changes in total bone mass that occur during growth; however, their 

use is limited due to cost and contrast dye exposure. Second, bone density and 

calcium accrual vary by site of measurement with a general trend toward earlier 

bone density accrual in the proximal femur and vertebral body with later accrual 

at other sites. 1° Finally, small changes in BMD may be due to the random 

variability in the DXA test; changes ofless than about 5.6% can often be due to 

precision error and should be interpreted cautiously. 8 

BMD is most often measured at the lumbar spine and proximal femur, because 

measures at these sites have been best validated against fracture in 

postmenopausal women. Discordance in BMD scores at these sites is common in 

young women, probably due to differing rates of bone accrual and loss. Bannick 

eta!. studied BMD values in 237 premenopausal women and reported that a 

difference in Z score of> I occurred between the spine and proximal femur in 20-

24% of women ages 20-29, and 32-46% of women ages 30-45. 11 Peripheral DXA 

measurements of the distal radius and calcaneus can be performed; however, these 

values may not correlate with spine and hip measures and do not predict hip 
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fractures as well as hip BMD.12 Until peripheral DXA has been further validated 

against fracture, abnormal peripheral measures should be followed up with 

additional measurements of the spine and/or hip to confirm a diagnosis of 

osteoporosis. 

ATTAINMENT OF PEAK BONE MASS 

Peak rates of calcium accrual occur earlier than age 30. Longitudinal studies have 

demonstrated that calcium utilization increases during early puberty 13 and the 

highest rates of calcium accrual may occur at a mean age of 12.5 in girls andl4 in 

boys. 14 After this period of rapid calcium accretion, a period of bone 

consolidation is thought to ensue between age 20 and 30. Calcium accrual rates 

change little during this period, but periosteal expansion (outer surface of bone) 

may be increasing10
. These periosteal changes could theoretically confer greater 

structural integrity and would not be adequately detected by bone density 

measurements using DXA. One study found that the independent determinants of 

BMD during growth were Tanner stage in girls and weight in boys. 15 Due to the 

complex processes that occur during bone development, changes in bone mass in 

growing individuals may be difficult to interpret. Several investigators have 

begun to develop normative databases to more accurately define expected bone 

mineral density values for younger age ranges. 16
• 

17 

Factors influencing the attainment of peak bone mass have recently been 

reviewed. 18
• 

19 The precise age at which peak bone mass occurs is unknown. 
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Population-based, cross-sectional studies indicate that women may attain peak 

bone mass in their 20s at the proximal femur and near age 30 at the spine and 

forearm 20
• 

21
; however, age of attainment could vary in normal individuals.22 A 

cross-sectional study of 265 premenopausal white females ages eight to 50 years 

showed that most of the bone mass at multiple skeletal sites will be accumulated 

by late adolescence.10 

Multiple factors affect attainment of peak bone mass including genetic 

background, nutritional influences and activity level. Twin and family studies 

suggest that 50-80% of the variance in bone mass is heritable.23
• 
24 A strong 

association has been noted between bone densities in mother/daughter pairs, 

which may be apparent before the daughter has begun puberty. 25
-
27 

BONE MASS IN PREMENOPAUSE 

Sowers and Galuska published a comprehensive review of the epidemiology of 

bone mass in premenopausal women in 1993.28 They reported conflicting 

findings regarding BMD status after the attainment of peak bone mass and before 

the onset of menopause. Most cross-sectional studies from the 1980s and early 

1990s reported stable BMD in the premenopausal period. However, the majority 

of prospective and cross-sectional studies since 1994 have reported a small degree 

of loss ( <0.5% per year) during this time period, especially at the proximal femur, 

and more often in women with subclinical or clinical ovulation disturbances or 

menopausal symptoms (Table 1).29
'
32 

9 



Risk factors for premenopausal osteoporosis 

Risk factors for low bone mass and osteoporotic fractures have been well studied 

in peri- and postmenopausal patients33
-
36 Few studies have comprehensively 

examined predictors in younger patients. Moreira-Kulak et a!. studied Ill pre-

and perimenopausal women under 55 years of age with T scores of -2.0 or below 

at one or more anatomic sites, who were referred to a tertiary center for metabolic 

bone disorders.37 Seventy-three of these women (66%) had an identifiable cause 

of bone loss. Conditions associated with estrogen deficiency, and use of 

glucocorticoid therapy were the most common known causes of osteoporosis. 

However, thirty-eight women (34%), 21 of whom were premenopausal, had no 

identifiable cause of low bone mass. Peris eta!. studied 52 premenopausal I 
osteoporotic women ages 20-51 whom were referred to an outpatient 

rheumatology clinic for osteoporosis evaluation and similarly found that 56% (29 

patients) had no identifiable predisposing condition?8 

Tudor-Locke and McColl recently reviewed risk factors for variation in bone 

status in premenopausal women ages 20-50.39 Nonmodifiable risk factors include 

genetic influences, and race and ethnicity. Potentially modifiable categories of 

risk include hormonal and nutritional factors, physical activity, medications and 

smoking. Certain disease states known to be associated with early bone loss can 

be secondary causes of osteoporosis. 

GENETIC INFLUENCES 
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Twin and family study have shown that genetic factors play an important role in 

determination of bone mineral density.23
'
24 Candidate genes under study include 

vitamin D receptor (VDR) genes, 40
'
45 the estrogen receptor gene,4649 the collagen 

type 1 alpha 1 (COLlA!) gene, 5°· 5
1 and genes that regulate the growth 

hormone/insulin-like growth factor-I (IGF-I) axis. 52
• 5

3 Their role in bone mass 

development is under investigation, but this has not been adequately characterized 

to date. 

RACE AND ETHNICITY 

Due to racial and ethnic differences in BMD values, population norms have been 

established for use as DXA reference standards. 54
-
56 As a group, African 

American women achieve a higher peak bone mass than whites, show a slower 

subsequent rate of bone loss, and have a lower incidence of postmenopausal hip 

fracture. 57
• 
58 Asian Americans tend to have lower BMD values than whites, but 

they also have a lower rate of hip fracture. 59 

HORMONAL FACTORS 

Endogenous hormones 

Bone loss can occur in the setting of prolonged amenorrhea and estrogen 

deficiency. Davies et. al. measured lumbar spinal bone mass in 200 white women 

aged 16-40 seen in a reproductive medicine clinic for amenorrhea of a median 

duration of three years (range six months to 24 years). 60 Lumbar spinal BMD was 

15% lower in the amenorrheic women than in 57 age matched normal volunteers 
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(95% CI, 12-18%; absolute BMD values, 0.89 g/cm2 vs. 1.05 g/cm2
). Patients 

who reported a history of fracture had 6.6% lower mean BMD than those who had 

never fractured (n=57, p=0.003). A prospective study of 54 professional dancers 

and 57 nondancers found lower lumbar spinal BMD at baseline and over the 

subsequent two years in both exercising and nonexercising amenorrheic women.61 

An increased incidence of stress fractures was associated with delayed menarche 

and lower spinal BMD. 

A small study of elite athletes indicated that premature bone loss might occur in 

women with lesser degrees ofhypoestrogenism, as evidenced by prolonged 

menstrual irregularity. Micklesfield et a!. measured BMD in 25 premenopausal 

ultramarathon runners aged 29-39 years, four of whom had current 

oligomenorrhea, two with current amenorrhea, and four with a history of mixed 

oligo/amenorrhea.62 Mean lumbar spinal BMD in women with a history of 

oligomenorrhea alone was 12.4% lower than in controls (p<0.005), but did not 

differ from the mean value in women with a history of both oligomenorrhea and 

amenorrhea 

Exogenous hormones 

In some past studies, oral contraceptive (OC) use was found to be associated with 

bone mass increases in premenopausal women. 63
• 

64 Interpretation of these studies 

is difficult for several reasons. The indication for OC use is usually unspecified, 

and women taking OC for oligo- or amenorrhea would be more likely to have low 

bone mass at baseline than those taking OC for contraception only. OC use could 
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potentially have a different effect on bone mass in women with low vs. normal 

bone mass at baseline. Also, OC users have been found to have lower BMI and to 

be more likely to smoke than controls in some studies, making confounding more 

likely. 

Two prospective studies of early premenopausal women who take OC have failed 

to show consistent gains in bone mass in response to estrogen. Prior et a!. 

examined oral contraceptive use in 524 women ages 25-45 participating in a 

multicenter, population-based cohort study, 454 of whom had taken oral 

contraceptives.65 Mean BMD values adjusted for age, BMI and height were 0.02-

0.04 gm/cm2 (2.3%-3.7%) lower in OC ever-users as compared to controls; 

differences were statistically significant at the lumbar spine and femoral 

trochanter. Results were similar for current and past OC users. The investigators 

postulated that comorbid lifestyle factors (more smoking and alcohol 

consumption in OC users) or a confounding effect of OC prescribed for 

oligo/amenorrhea may have contributed to these findings. An earlier cohort study 

of200 healthy women ages 19-22 years showed that 76 participants who took an 

oral monophasic contraceptive ( ethinyl estradiol 20 J.lg ± desogestrel 0.150 mg) 

for five years experienced no mean change in spinal BMD, while 71 non-users 

showed a 7.8% increase in spinal BMD by the end of the study.66 Considering the 

young age range of the participants, the lack of change in BMD associated with 

OC use suggested that exogenous estrogen may have attenuated the potential peak 

bone mass in users, while non-users achieved normal gains. These findings need 
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to be further validated to clarify the impact of OC use on bone mass in 

eumenorrheic women. 

Past prospective studies have shown conflicting results regarding the effect of 

depot medroxyprogesterone acetate (DMP A) administration on bone mass. Most 

of these studies involved small patient populations followed for periods as short 

as six months67
• 

68 A recent 3-year, population-based cohort study of 457 women 

ages 18-39 (183 DMPA users and 274 non-users) showed an annual mean rate of 

BMD change of -0.87% at the spine for the DMP A group vs. +0.40% for 

controls.69 Annual BMD change at the hip was -1.12% for the test group vs.-

0.05% for controls. The differences at both sites were statistically significant, and 

appeared to be reversible after discontinuation ofDMPA use. DMPA may cause 

lower endogenous estrogen levels, an effect that may not be generalizable to other 

forms of progestin-only contraception.70
• 

71 Ongoing multicenter studies will 

examine the impact ofDMP A on bone loss and reversibility after discontinuation 

of use. 

In summary, delayed menarche and amenorrhea are associated with lower spinal 

bone mass in premenopausal women. Limited evidence indicates that prolonged 

oligomenorrhea can have a similar effect on lumbar spinal BMD. Two 

prospective studies of premenopausal women did not show BMD increases in 

response to OC use. A recent population-based prospective study indicates that 

long-term administration ofDMPA is associated with bone density loss, but that 
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the loss may be reversible. Further studies are needed to support these 

conclusions. 

NUTRITIONAL FACTORS 

Cross-sectional studies and a limited number of small prospective studies have 

examined the impact of nutrition on bone mass in premenopausal women. While 

dietary influences have been the focus of numerous studies of postmenopausal 

osteoporosis, they are often secondary measures in premenopausal studies. For 

example, the effect of calcium intake on bone mass might be studied when 

calcium supplementation is provided during an exercise intervention or dieting 

program. As for all studies based on dietary histories, these studies are limited by 

recall bias and extrapolation of short-term data on food consumption. 

Calcium 

Ramsdale et a!. examined the relationship between bone mineral density and 

calcium intake in 56 healthy premenopausal women, ages 21-47. Statistically 

significant correlations were found between calcium intake and BMD at three 

femoral sites (neck r=0.41, Ward's triangle r=0.40, trochanter r=0.47, p < 0.001) 

and at the spine (r=0.27, p < 0.05).72 A cross-sectional study by Teegarden eta!. 

showed a more complex relationship between bone mass and nutrient intake.73 

Dietary intake was assessed from food frequency interviews in 215 white women 

ages 18-31 recruited for an exercise intervention study. The statistical model 

indicated that adequate intakes of calcium, protein and phosphorus were all 

required for significant bone density changes to occur. 
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Prospective studies have shown different findings in cohorts of different ages. A 

cohort study of 156 healthy white college students, followed for up to 5 years 

found an increase of 5.9% in lumbar spinal BMD64 Spinal BMD showed a weak 

positive correlation with calcium intake which was not statistically significant; 

however, a modest but statistically significant correlation was seen with the 

calcium/protein ratio (r=O.ZO, p=O.OZ). Citron et a!. examined the effect of 

calcium intake on spinal and radial BMD in a 4-year prospective study of 41 older 

premenopausal women, aged 38-42 years at baseline.74 Spinal bone mass declined 

-0.86 +/- 0.15% per year (p < 0.001); the rate of decline was not attenuated by 

calcium intake. 

Thus, several cross-sectional and prospective studies have failed to show a 

statistically significant association between BMD and calcium intake alone. 

However, calcium intake analyzed in conjunction with other nutrients appears to 

be a better predictor of spinal BMD in some studies. 

Protein 

Cooper et a!. studied the relationship of six key nutrients to axial and appendicular 

BMD in a cross-sectional, population-based study of pre- and post-menopausal 

women based on a 7 -day dietary record. 75 In the analysis of 72 premenopausal 

women, statistically significant positive associations were found between protein 

intake and BMD in the proximal femur and distal radius; these associations 

remained statistically significant after BMD values were adjusted for age, weight 
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and physical activity. Adjusted BMD values were not associated with calcium 

and phosphorus intake. The four premenopausal women who had a history of 

fractures at the hip, distal forearm or spine had significantly lower intakes of 

protein and phosphorus, and borderline lower intakes of calcium relative to other 

premenopausal women. These results suggest that protein intake may be an 

important determinant of bone mass in premenopausal women. 

Dieting and Weight Cycling 

The effect of voluntary weight loss on bone mineral density has been studied in 

several settings. Two small prospective studies of obese, premenopausal patients 

on physician-supervised weight loss interventions including phases of very-low

calorie dieting demonstrated small, but statistically significant decreases in bone 

mineral content at the distal radius76 and hip77 after eight to 36 months of follow

up. A randomized clinical trial examined bone mass in 236 healthy 

premenopausal women ages 44-50 recruited from the community to participate in 

a lifestyle intervention program for weight loss (dietary behavior modification and 

exercise recommendations).78 After 18 months of participation, the intervention 

group (n=115) had lost 3.2 ± 4.7 kg vs. a weight gain of0.42 ± 3.6 kg in controls 

(n=l21). The annual rate ofhip BMD loss was significantly higher in the 

intervention group vs. the controls (0.81% ± 1.3% loss vs. 0.42% ± 1.1% loss, p < 

0.001), despite the fact that intake of both dietary calcium and calcium 

supplements increased in the intervention group but decreased in controls. In 

contrast, Shapses et a!. reported that lumbar spinal BMD increased by I. 7% from 
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baseline in premenopausal obese women on a moderate weight loss plan with 

I 000 mg/day calcium supplementation (n=14).79 No significant change in lumbar 

spinal BMD was seen in dieters who did not receive calcium supplementation 

(n= 14) or in controls who maintained their body weight (n= I 0). 

Subtler degrees of eating restraint may also affect bone mass. Van Loan et al. 

measured significantly lower bone mineral content in women who had high scores 

on a cognitive eating restraint (CER) questionnaire as compared to women who 

had low CER scores.80 This effect was only seen in women who weighed< 71 

kg. Menstrual and hormonal differences were not assessed in the participants. 

Participants with high CER scores reported higher numbers of lifetime weight 

loss cycles (episodes of weight loss over 5 pounds). A cross-sectional study of 

129 premenopausal women ages 29-46 showed lower lumbar spinal BMD (-0.062 

g/cm2 vs. controls, p = 0.01) in participants who reported a history of weight 

cycling (weight loss of at least 5 kg, followed by regain of at least 50% of the 

loss). 

Thus, small degrees of bone loss have been observed in obese patients on very

low-calorie diets. Two cross-sectional studies suggested that a high level of 

eating restraint and a history of repeated weight loss followed by regain may be 

associated with slightly lower bone mass. 
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PHYSICAL ACTIVITY 

Attempts to analyze the effect of physical activity on bone mass have been 

hampered by methodological problems in exercise intervention studies. These 

studies show wide variation in interventions and outcome measures, small effect 

sizes, frequent high dropout rates and variable compliance with test or control 

regimens. Wallace and Cumming recently published a systematic review of 

randomized trials of the effect of exercise on bone mass in pre- and 

postmenopausal women published from 1966 to 1997.81 They included eight 

randomized trials of premenopausal women; pooled results of these studies 

showed 1.5% (95% CI; 0.6%-2.4%) less bone loss per year in the lumbar spine 

after impact exercise (n=143; 73 exercisers, 70 controls), and 1.2% (95% CI; 

0.7%-1.7%) less loss after non-impact exercise (n=203; 95 exercisers, 108 

controls). At the femoral neck, impact exercise was associated with 0.9% less 

bone loss (95% CI; -0.2%-2.0%), which approached statistical significance 

(n=143; 73 exercisers, 70 controls). There were insufficient data to analyze the 

effect of non-impact exercise on bone mass at the femoral neck. 

Two studies published since the above systematic review have shown statistically 

significant increases in BMD from baseline in premenopausal women with high 

levels of physical activity,82
' 

83 however, neither of these studies showed 

statistically significant differences in BMD in the physically active women as 

compared to controls. Two earlier randomized, controlled trials showed 

statistically significant increases in lumbar spinal BMD in women who 
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participated in exercise interventions as compared to controls; notably, all 

participants took a calcium supplement throughout both of these trials. 84
• 

85 

Relevant prospective studies of exercise are summarized in Table 2. 82
-
86 

DISEASE FACTORS 

Anorexia nervosa and associated eating disorders 

Low bone mass is highly prevalent among patients with chronic anorexia nervosa 

(AN), especially in those with the binge-eating/purging subtype.87 In a cohort 

analysis of 130 women with AN recruited from the community, Grinspoon et al. 

found that 92% of participants met WHO criteria for osteopenia (BMD reduced 

by at least 1.0 SD) and 38% met criteria for osteoporosis (BMD reduced by at 

least 2.5 SD) at one or more skeletal sites88 Weight was a significant 

independent predictor ofBMD at all skeletal sites; age at menarche and time since 

last menstrual period were significant predictors of spinal BMD. Undernutrition, 

hypoestrogenism, and possibly endogenous cortisol excess are mechanisms for 

accelerated bone loss in these patients. Bone loss has the potential to be most 

severe in chronic AN when onset of disease is before attainment of peak bone 

mass.89 

Other diseases 

A recent systematic review 90 classified the following disease states as high risk 

(relative risk 2: 2) for fracture related to bone mass loss in predominantly 

postmenopausal women: primary hyperparathyroidism, type I diabetes mellitus, 
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anorexia nervosa, gastrectomy, pernicious anemia, prior osteoporotic fracture. 

Moderate-risk diseases (RR of fracture between 1 and 2) included 

hyperthyroidism, diabetes mellitus (type II or not specified), and rheumatoid 

arthritis. 

Accelerated bone loss may be associated with endocrine diseases that lead to 

hypoestrogenism (e.g., hyperprolactinemia,91 Sheehan's syndrome). Diseases for 

which glucocorticoid therapy is commonly prescribed (e.g., collagen vascular 

diseases,92 cystic fibrosis93
) and conditions causing high endogenous levels of 

glucocorticoids (e.g., Cushing's Syndrome) may be associated with premature 

bone loss. Malabsorption syndromes, inflanunatory bowel disease and lactose 

intolerance94 can affect bone health in part by altering calcium and vitamin D 

absorption and intake. A recent population-based study of 322 women with a 

history of major depression compared to 644 controls showed that a lifetime 

history of major depression may be associated with earlier transition to 

perimenopause and its associated hypoestrogenic state, which could potentially 

lead to premature bone loss. 95 An Nlli -sponsored clinical trial is currently 

examining whether premenopausal women ages 21 to 45 with major depression 

lose bone mass at a faster rate than women without depression, and whether 

alendronate can preserve bone mass in premenopausal women with major 

d . d . % epresswn an osteoporosis. 

MEDICATIONS 

Glucocorticoids 
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A meta-analysis of 56 cross-sectional studies and ten longitudinal studies (total 

2891 corticosteroid users, 71.5% female, average age 55.2 years, age range and 

menopausal status not specified) concluded that oral doses greater than 5 mg per 

day of prednisolone or an equivalent lead to a reduction in bone mineral density 

and a rapid increase in fracture risk as early as 3 to 6 months after initiation of 

therapy.97 As discussed in this analysis, the increased fracture risk appears to be 

primarily due to a decline in bone density, but is probably also due to a 

deterioration in bone quality. The decline in quality is evidenced by higher 

fracture rates than expected based on bone density changes alone in patients with 

corticosteroid-induced osteoporosis. Prolonged use of inhaled steroids may also 

contribute to bone loss. 98
• 

99 Long-term steroid use can cause a decline in muscle 

mass, which could potentially increase fall risk. Although the American College 

of Rheumatology has published guidelines for BMD monitoring and preventive 

management in patients on long-term steroid therapy, 100 many patients taking 

chronic exogenous steroids fail to receive preventive therapy for bone loss. 101 

Other medications 

Although long-term thyroid supplementation has been associated with significant 

osteopenia in cross-sectional studies, 102 a recent systematic review of cohort 

studies and case controls studies90 and a large cohort study of postmenopausal 

white women34 did not indicate an independent association with fracture risk. In 

the latter study, current use of anticonvulsant drugs was associated with increased 

hip fracture risk in an age-adjusted model (RR 2.8; 95% CI, 1.2-6.3), even though 

a previous analysis did not show an association between use of anticonvulsant 
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drugs and lower appendicular bone mass. 103 A meta-analysis of nine cross-

sectional studies oflong-term oral anticoagulant exposure found a modest 

negative association with bone density in the ultradistal radius, but no significant 

association with bone density in the distal radius, spine or hip. 104 

SMOKING 

Two meta-analyses since 1997 have reported statistically significant lower BMD 

h h. . I k d k 1os 106 S kin at t e 1p m ong-term smo ers as compare to nonsmo ers. ' mo g may 

exert its effect on bone by altering calcium and vitamin D metabolism.107
• 
108 

Clinical outcomes 

Osteoporosis itself is clinically silent; the disorder has clinical and public health 

importance only because it increases the risk of disabling osteoporotic 

fractures. 109 These outcomes are well studied in postmenopausal women. 

Although certain high-risk young adults may have BMD in the osteoporotic 

range, these patients have a low fall risk, and greater muscle strength and 

dexterity to protect themselves from higher impact falls. How often, and how 

early, do complications occur in premenopausal patients? Both immediate and 

long-term clinical outcomes should be considered. 

IMMEDIATE CLINICAL OUTCOMES 

Premenopausal osteoporotic fractures are rare; however, early fragility fractures 

have been documented. In a descriptive study of 52 consecutive premenopausal 

women ages 20-51 referred to an outpatient rheumatology clinic primarily for 

23 



osteoporosis management, Peris et a!. found 15 patients (29%) with vertebral 

fractures and 12 with previous peripheral fractures. 38 

Low bone mass has been associated with an increased incidence of stress fractures 

. " I hi 110 d .,. . 111 C . . I h m 1ema e at etes an m1 1tary recrmts. ertam occupatwna groups, sue 

as ballerinas are at increased risk of delayed menarche and hypothalamic 

amenorrhea leading to osteopenia and stress fractures. 112 A survey of 7 5 dancers 

found 61% (n=46) reported a history of fracture, and 69% of the fractures 

described were stress fractures. 113 Early stress fractures 114 and vertebral 

fractures115 were documented in case series of patients with anorexia nervosa 

(AN). A population-based retrospective cohort study assessed long-term fracture 

risk in 208 patients with AN followed for a total of2689 person-years.116 Forty-

five patients sustained 88 fractures; the cumulative incidence of any fracture at 40 

years after the diagnosis of anorexia nervosa was 57%. Fractures of the hip, spine 

and forearm occurred long after disease onset (on average 24 to 38 years after 

diagnosis). 

Adolescent idiopathic scoliosis has been associated with persistent osteopenia in a 

small cohort study, 117 and with low BMI due to presumed disordered eating in a 

cross-sectional study of 44 young women. 118 A 24% prevalence of scoliosis was 

reported in an early study of young ballet dancers113
; this value is substantially 

higher than the 2% prevalence of scoliosis reported in school-age children and 

adolescents. 119
' 

120 

24 



LATE CLINICAL OUTCOMES 

Retrospective data from postmenopausal studies suggest that fractures in early 

adulthood may predict fractures in the peri- and postmenopausal period (Table 

3).3
•

121
-
124 A recent report from the Study of Osteoporotic Fractures (SOP) cohort 

of 9086 white women aged 65 and older indicated that premenopausal fracture is 

an independent risk factor for postmenopausal fracture. 121 For women with a 

history of premenopausal fracture, the hazard ratio of fractures of all types during 

12 years offollow-up was 1.25 (95% CI; 1.03, 1.50) after adjustment for age, 

BMD, BMI, use of steroid and anticonvulsant medications, number of falls, and 

maternal fracture history. This effect persisted after stratification by estrogen use, 

propensity to fracture, and maternal fracture history. Similarly, a large 

retrospective, population-based study by Honkanen et a!. found that a history of 

any fracture at ages 20-34 was associated with an increased risk of fracture at ages 

35-57 (HR 1.9; 95% CI 1.6, 2.3)_3 

In summary, descriptive studies have shown low bone mass and a higher 

incidence of stress fractures in premenopausal women with certain disease states 

associated with prolonged amenorrhea, nutritional deprivation and/or excessive 

exercise. Premenopausal fragility fractures are rare; however, premenopausal 

fractures of any type are an independent predictor of postmenopausal fractures. 

Management 

TREATMENT ISSUES 
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Early treatment interventions have been studied in premenopausal patients with 

secondary osteoporosis from a variety of causes. A Cochrane Review assessed 

the efficacy ofbisphosphonates for prevention and treatment of corticosteroid

induced osteoporosis. 125 This systematic review included 13 controlled clinical 

trials of 842 adults, most of whom were taking chronic corticosteroids for 

collagen vascular diseases (esp. rheumatoid arthritis, lupus), asthma or COPD. 

The weighted mean differences of bone mineral density between the treatment 

and placebo groups were 4.3% (95% CI, 2.7, 5.9) at the lumbar spine and 2.1% 

(95% CI, 0.01, 3.8) at the femoral neck. Efficacy regarding fracture prevention 

could not be determined. Currently, treatment trials are underway examining the 

efficacy ofbisphosphonates in preventing and/or treating bone loss in 

premenopausal women with premature ovarian failure due to chemotherapy for 

breast cancer, in cystic fibrosis patients, and in children with idiopathic juvenile 

osteoporosis.96 

A randomized, controlled trial by Klibanski et a!. (n=48) 126 and a recent 

prospective cohort study (n=50)127 showed that estrogen-progestin replacement 

therapy did not prevent progressive bone loss in premenopausal patients with 

anorexia nervosa. Raloxifene was found to prevent GnRH-agonist-related bone 

loss in a single-blind, randomized controlled trial of I 00 premenopausal women 

receiving treatment for uterine leiomyomas.128 
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Safety of bone-protective agents for women of reproductive age must be 

considered. For example, bisphosphonates have a Category C rating for safety in 

pregnancy, based on toxic effects at parturition in the rat model. 129 

Bisphosphonates have been shown to pass through the rat placenta and 

accumulate in fetuses. 130 These agents may be stored in bone for long periods, 

and the long-term implications for women of childbearing age are uncertain. 

Potential risks and lack of efficacy data on fracture risk reduction in 

premenopausal women must be weighed against the proven efficacy of 

bisphosphonates to decrease fractures in postmenopausal women. 131 
• 
132 

Bisphosphonate use should be limited in premenopausal women and reserved for 

those individuals with fragility fractures or clearly accelerated bone loss rather 

than low peak bone mass alone. 

SCREENING ISSUES 

Although some clinical outcomes may occur early, screening for premenopausal 

osteoporosis in the general population is not feasible. The US Preventive 

Services Task Force considers screening in women younger than age 60 a Grade 

C recommendation, i.e., although the Task Force found at least fair evidence that 

this process can improve health outcomes (prevent fractures), it concluded that the 

balance of benefits and harms is too close to justif'y a general recommendation.133 

The National Osteoporosis Foundation mentions that current data are insufficient 

to formulate specific recommendations for premenopausal women, nonwhite 

women or men. However, the NOF recommends that risk factors be used on an 
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individual basis to determine the need for bone density testing and treatment, and 

that all people should follow universal recommendations for bone health. 134 

A case-finding strategy could be considered for premenopausal women with 

disease conditions known to be strongly associated with accelerated bone loss. 

Early detection of osteoporosis could allow interventions at an age when 

appropriate measures could maximize bone accrual and minimize loss over a 

much longer time period before menopause. Some interventions are more likely 

to be effective in younger women; for example, more strenuous physical activity 

can be recommended to younger patients, and they may be more likely to comply 

with exercise prescriptions than peri- and postmenopausal women. Moreover, 

older patients are more likely to have already sustained fractures or to have 

comorbid conditions that could limit their ability to comply with an exercise 

regtmen. 

However, advantages of early detection must be weighed against potential harms, 

which include treatment-associated morbidity, inappropriate treatment of patients 

with false positive tests, prolonged psychological distress in some patients over 

misperceived fracture risk, and misallocation of resources if more lives could be 

saved or improved through other preventive measures. Existing evidence 

regarding the balance of benefits and harms is insufficient to allow reasonable 

cost-effective analyses of screening strategies for premenopausal osteoporosis. 

GUIDELINES 
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A search of the National Guidelines Clearinghouse in November 2002 revealed 

eight practice guidelines directly relating to osteoporosis management. Four of 

these guidelines offer some diagnostic or treatment information for 

premenopausal patients6
• 

100
• 

135
• 

136
; the fifth mentions that its prevention 

guidelines apply to adults of all ages. 137 Notably, the 2001 update of the 

American College of Rheumatology Recommendations for the Prevention and 

Treatment of Glucocorticoid-induced Osteoporosis specifies that prevention of 

bone loss with antiresorptive agents should be considered for premenopausal 

women receiving glucocorticoid therapy.100 

Conclusion 

Evidence to date does not support screening for osteoporosis in premenopausal 

women in the general population. However, certain patient populations are at 

higher risk of accelerated bone loss at an early age; a systematic method for 

identifying these patients in primary care is lacking. Further research must clarify 

the relative importance of risk factors for early bone loss and better document the 

potential benefits and harms of screening before a useful approach to selective 

screening can be developed. Until then, we will rely on heightened knowledge of 

primary care physicians to identify young women who may need early bone 

health assessment and preventive interventions. The evidence reviewed in this 

article supports consideration of risk assessment and bone density testing for 

premenopausal women with the following conditions: frequent or prolonged use 

of corticosteroid medications (?: 5mg oral prednisolone or equivalent per day for 
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at least three months), past or current anorexia nervosa, prolonged or recurrent 

amenorrhea, hyperparathyroidism, rheumatoid arthritis, hyperthyroidism. Patients 

with abnormally low bone density will often require additional laboratory work

up, nutritional evaluation, or specialty referral. 

Future research should focus on prevention in addition to therapeutic 

interventions. Health care providers also need to increase patient education on 

modifiable disease factors, including optimal nutrition from birth, age-appropriate 

regular weight-bearing exercise, smoking cessation, and minimization of 

environmental risk factors for fracture. The goal should be to institute age

appropriate interventions at a stage when bone quality is intact and futnre loss can 

be minimized. 
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Table 1: Prospective studies of bone mineral density in premenopausal women 

Change in femoral neck BMD Change in lumbar spinal BMD 

Study Length of Participants g/cm' per % change from g/cm' per % change from 
follow-up year baseline per year year baseline per year 

Bainbridge et 6 years 614 women ages 24-44 -0.003* -0.3%* Varied with time 
a!. 200229 

Hui eta!. 1-9 years 130 premenopausal white women, ages 31-50 -0.00357 -0.43%* -0.00209 -0.19% 
200230 (mean3.9) ± 0.0025* ± 0.0050 

Salamone et a!. 30 months 290 premenopausal white No menopausal - - -0.0018 -0.17% ±_ 1.1% 
199831 women, ages 44-50 symptoms 

At least one - - -0.0050* -0.50 ± 1.3%* 
menopausal symptom 

Slemenda et al. 2-8 years 96 premenopausal women, ages 30-48 -0.0021 -0.25%* +0.0036 +0.32% 
199632 ± 0.013* ±_0.012 

BMD, bone mineral density 
* p < 0.05 for comparison of follow-up value to baseline value 

------1"-'1"1"'' 



Table 2. Physical activity and bone mineral density in premenopausal women 

Change in femoral neck 
BMD+ 

Change in lumbar spinal 
BMD+ 

Study Type Exercise g/cm' %change g/cm' 
Participants per from baseline per 

year per year year 
Ito eta!. 24-month observational Volleyball 26 premenopausal Asian Exercise group - - 0.001 
2001 86 study women ages 42-49 (n=l3) 

Sedentary - - -0.011 
controls (n=l3) 

Goto eta!. 12-month prospective Walking 12 premenopausal Exercise group 0.022 2.67%* 0.009 
2001 82 cohort study Asian women ages 35-42 (n=6) ± 0.015* ± 0.015 

Sedentary -0.006 ± -0.78% 0.011 
controls (n=6) 0.014 ± 0.027 

Winters et a!. 18-month Jumping and 49 premenopausal women Exercise group 0.008* 1.2% 0.010 
200083 nonrandomized resistance ages 30-45 (n=29) ±3.2%* 

controlled trial exercises 
Sedentary -0.002 -0.03 ± 1.9% 0.002 
controls (n=20) 

DornemaiUl et 6-month unblinded Resistance 3 5 premenopausal women Exercise group 0.020* 2.62%* 0.0201 

a!. 1997 '" randomized controlled exercises ages 40-50. All participants (n= 12,6 
trial took a 500 mg/day calcium dropouts) 

supplement throughout the Sedentary 0.022* 2.44%* -0.008 
study. controls (n = 14, 

3 dropouts) 
Lohman et a!. 18-month unblinded Weight-lifting I 06 white premenopausal Exercise group -0.003 -0.32% 0.019' 
199585 randomized controlled women ages 28-39. All (n=22,37 

trial participants took a 500 dropouts) 
mg/day calcium supplement Sedentary -0.015 -1.57% -0.008 
throughout study. controls (n=34, 

13 dropouts) 

BMD, bone mineral density 
11 BMD values extrapolated from 6-month follow-up data 

* p < 0.05 for comparison of post-training value to pre-training value +values were calculated if not reported in study 
t p < 0.05 for comparison of exercise group to control group 

%change 
from baseline 

per year 
0.05% 

-0.94% 

0.90% 

1.06% 

1.1% ±3.0% 

0.2% ± 1.9% 

2.00% 

-0.72% 

1.61%' 

-0.65% 

I 

' 





Table 3. Relationship between premenopausal and postmenopausal fracture 

Study Type 

Hosmer et al. 2002 "' 12-year prospective 
population-based 
cohort study 

Wu eta!. 2002 '" Cross-sectional 

Goulding et a!. 1997 ><> Cross-sectional 

Honkanen et al. 1997' Retrospective 
population-based 
study 

Torgerson et al. 1996 '"' 2-year prospective 
population-based 
cohort study 

DXA, dual x-ray absorptiometry 
BMD, bone mineral density 
BMC, bone mineral content 

LS, lumbar spme 
OR, odds ratio 

Participants Outcome 
measures 

9086 ambulatory white women age 65 Fractnres that 
years and older. occurred after study 

enrollment. 

1284 women, at least 10 years post- Retrospective self-
menopausal, mean age ± SD: 73 ± 4 report of fracture 
years. 

59 eumenorrheic premenopausal DXA-BMDand 
women, ages 40-55 BMCofLS 

12,162 women ages 47-56 years in total Retrospective self-
study population.; 2412 women in report of fractnre 
BMD substudy with mean± SD age 
53.24 ± 2.80 years DXA-BMD ofLS 

and femoral neck 

1857 perimenopausal women ages 47- Fractnres that 
51 occurred after study 

enrollment 

''"""--i-><!•ijlfl""'"''"'" ···><-1"'1"1'''''"' 

Findings 

Women with a history of premenopausal fracture were 
more likely to sustain a fractnre during the study period 
than women without a history of fractnre. Adjusted 
hazard ratio: 1.25; 95% CI, 1.03-1.50. 

Women with a history of fractnres between the ages of 
20 and 50 years had 1.74 times the odds of sustaining a 
fractnre after age 50 (OR, 1.74; 95% CI, 1.12-2.70). 

Fractures occurring before age 20 were not associated 
with increased odds of fracture after age 50 (OR, 1.01; 
CI 0.66-1.56) 

Women with a history of fractnres had significantly 
lower BMD (6% less) than women who had never 
fractured. 

Women with a history of fractnres between the ages of 
20 and 34 were more likely to sustain a fracture 
between the ages of35 and 57 than women without this 
history. (Hazard ratio 1.9; 95% CI, 1.6-2.3) 

An early premenopausal, low-energy wrist fracture was 
associated with 10.5% lower femoral BMD than for 
nonfractnred women (p~O .026). 

Women with a history of fractnre, had 2 times the odds 
of sustaining a fractnre during the study period (95% 
CI, 1.31-3.03). 

After adjusting for covariates, the OR of sustaining a 
fractnre was 1.6 (95% CI, 1.16-2.34) for each SD 
reduction in BMD at the spine 

Family history of hip fractnre (maternal grandmother) 
carried OR 3.7 (95% CI, 1.55-8.85). Postmenopausal 
or history of hysterectomy carried OR 1.98 (1.02-3.56). 



Clinical Considerations in Premenopausal 
Osteoporosis 
Margaret L Gourlay, MD; Sue A. Brown, MD 

0 
steoporosis can occur at any age. In premenopausal osteoporosis, full achievement 
of peak bone mass may be curtailed, and accelerated bone loss may occur in young 
adulthood. Premenopausal osteoporosis may be associated with chronic glucocor
ticoid therapy, prolonged amenorrhea, anorexia nervosa, rheumatoid arthritis, and 

diseases that affect calcium and vitamin D metabolism. Lesser degrees of bone loss may be asso
ciated with common conditions such as dieting, low calcium intake, smoking, and oligomenor
rhea. Owing to a paucity of prospective studies on screening and treatment in younger age groups, 
few practice recommendations exist to guide the management of osteoporosis in young adults. 
We review the most important clinical concerns in premenopausal osteoporosis, including mea
surement of bone mass, normal bone accrual, risk factors for premature bone loss, clinical out
comes, and management issues. We emphasize clinically relevant information for primary care 
physicians, who are usually the first to encounter premenopausal patients with risk factors for 
early bone loss. Arch Intern Med. 2004;164:603-614 

Although low bone mass and accelerated 
bone loss can occur early in life, osteopo
rosis is usually considered a disorder of 
postmenopausal women. The most seri
ous consequences of osteoporosis occur in 
this age group, and treatment outcomes 
may be poor after a fracture late in life. Hip 
fractures cause the most morbidity and 
mortality; the hip fracture incidence in 
white women increases 10-fold from 50.1 
per l 00 000 per year between ages 50 and 
54 years to 530.5 per 100000 per year be
tween ages 70 and 74years. 1 Vertebral frac
tures and distal forearm (Calles) frac
tures occur more commonly after 
menopause and are associated with a 
higher subsequent rate of hip fracture.M 

Certain groups of premenopausal 
women are at high Iisk of osteoporosis, in
cluding those with disease states or exog
enous influences that promote acceler
ated bone loss. The 2001 National 
Institutes of Health Consensus Develop-
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ment Panel on Osteoporosis Prevention, 
Diagnosis, and Therapy5 specified peak 
bone mass in children and secondary os
teoporosis in young adults as important 
areas for future research. Relatively little 
is known about early-onset osteoporosis, 
and, to our knowledge, no general prac
tice recommendations exist to guide di
agnosis and therapy. 

We present an overview of the most 
important clinical concerns in premeno
pausal osteoporosis, with the goal of in
creasing awareness of high-risk patients, 
who often are first seen by primary care 
physicians. This review addresses mea
surement of bone mass, normal bone ac
crual, risk factors for premature bone loss, 
clinical outcomes, and management is
sues in premenopausal women. 

METHODS 

We searched the MEDLlNE/PubMed data
base Qanuary 1984 to August 2002) using the 
follov.ing MeSH tenns and keyvlOrds: "osteo
porosis" AND "premenopause" for articles on 
premenopausal osteoporosis and "bone dis~ 
eases, metabolic" OR "low bone mass" OR 
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"bone density" OR "osteopenia," AND 
'·premenopau .. se" NOT "osteoporosis" for 
articles on premenopausal osteopenia. 
We revie\ved abstracts for all English~ 
language citations in peer-reviewedjour
nals and excluded the following: stud
ies that only included perimenopausal 
or postmenopausal women; studies with 
premenopausal women as a reference 
group/control only, without analysis and 
discussion of relevant outcomes in pre
menopausal patients; studies Vl'ith a lack 
of osteoporosis-related health out
comes; studies with the purpose of veri
fying an experimental radiologic diag
nostic tool; and studies of insufficient 
length to assess significant change in out
come. 

Our initial search yielded 287 ar
ticles on premenopausal osteoporosis, 
176 ofwhich were excluded, and 202 ar
ticles on osteopenia, 126 of which were 
excluded; the remaining 187 articles 
were reviewed for relevance and qual
ity. An additional 185 articles from 
supplementary searches and hand 
searches of reference lists were evalu
ated. Owing to the broad scope of this 
review and the general paucity of pro
spective studies from our searches, we 
considered all study designs except case 
reports and diagnostic test verification 
studies. One of us (M.L.G.) used a check
list to evaluate the internal validity of sci
entific studies, systematic reviews, and 
meta-analyses. 

BONE DENSITY 
IN YOUNGER PATIENTS 

The National Institutes of Health 
Consensus Panel 2000 adopted a 
definition of osteoporosis as a skel
etal disorder characterized by com
promised bone strength predispos
ing to an increased risk of fracture. 6 

Bone strength is determined by bone 
density and bone quality. 

Because fragility fractures are 
rare in young patients, they are usu
ally not used as outcomes in stud
ies of premenopausal bone loss, and 
they do not serve as the basis for the 
diagnosis of early-onset osteoporo
sis. Instead, bone densitometry mea
surements are used as surrogate in
dicators of fracture risk. The 
relationship between bone mineral 
density (BMD) measures and frac
ture risk is unclear in premeno
pausal women. In postmenopausal 
women, a strong relationship ex
ists between BMD and fracture risk, 

such that a 10% decrease in BMD 
confers a 1.6- to 2.6-fold increased 
rtsk for spine and hip fracture. 7 

BMD Measurement 
in Younger Patients 

Bone mineral density is a 2-dimen
sional, areal projection mea.c;urement 
defined as the average concentration 
of mineral per unit area, expressed in 
grams per square centimeter.8 It is 
usually measured using dual-energy 
x-ray absorptiometry (DXA) or, in 
some cases, single-energy x-ray ab
sorptiometry. 

Bone mineral density is re
ported using 2 scores based on SD 
measurements: the Z score and the 
T score. The Z score compares the pa
tient's BMD with the mean value in 
age-matched normal individuals. This 
is the most appropriate measure to 
use for children and young adults, 
who have yet to achieve their life
time peak bone mass. The T score 
compares the patient's BMD to the 
mean value in a healthy young ref
erence population, assumed to rep
resent a standard for peak bone mass. 
Both scores may be adjusted for race 
and sex. A T score of -2.5 or lower 
meets World Health Organization cri
teria for osteoporosis.9 AT score be
tween -2.5 and -1.0 represents os
teopenia; however, because fracture 
risk may vary widely based on age 
and other factors for patients with os
teopenia, this categorization is oflim~ 
ited clinical value. 8 

Several factors should be con
sidered when assessing bone den
sity during periods of longitudinal 
growth. First, bone density measure
ments obtained using DXA reflect a 
2-dlmensional rather than a 3-di
mensional projection and may in
accurately capture geometric 
changes or increases in bone size that 
occur during growth. In addition, the 
2-dimensional DXA measure may 
suggest a falsely lower BMD in small
framed individuals, which could be 
particularly important in evaluat
ing premenopausal women. Other 
techniques, such as quantitative 
computed tomography, measure 
bone volume (in grams per cubic 
centimeter) and may better charac
terize changes in total bone mass that 
occur during growth; however, their 
use is limited owing to cost and ra-

diation exposure. Second, bone den
sity and calcium accrual vary by site 
of measurement, with a general trend 
toward earlier bone density accrual 
in the proximal femur and verte
bral body and later accrual at other 
sites. 1° Finally, small changes in 
BMD may be due to the random vari
ability in the DXA test; changes of 
less than approximately 5.6% can of
ten be due to precision error and 
should be interpreted cautiously.8 

Bone mineral density is most of
ten measured at the lumbar spine and 
proximal femur because measure..s at 
these sites have been best validated 
against fracture in postmenopausal 
women. Discordance in BMD scores 
at these sites is common in young 
women, probably because of differ
ing rates of bone accrual and loss. 
Bannick et al11 studied BMD values 
in 237 premenopausal vvomen and 
reported that a difference in Z score 
of more than 1 occutTedbetween the 
spine and the proximal femur in 20% 
to 24% of women aged 20 to 29years 
and in 32% to 46% of women aged 
30 to 45 years. Peripheral DXA mea
surements of the distal radius and cal
caneus can be performed; however, 
these values may not correlate with 
spine and hip measures and do not 
predict hip fractures as well as hip 
BMD." Until peripheral DXA has 
been further validated against frac
ture, abnormal peripheral measures 
should be followed up with addi
tional measurements of the spine and 
hip to confirm a diagnosis of osteo
porosis. 

Attainment of Peak Bone Mass 

Peak rates of calcium accrual occur 
before age 30 years. Longitudinal 
studies have demonstrated that cal
cium utilization increases during 
early puberty13 and that the highest 
rates of calcium accrual may occur 
at a mean age of 121/2 years in girls 
and 14 years in boysY' After this 
period of rapid calcium accretion, a 
period of bone consolidation is 
thought to ensue between ages 20 
and 30 years. Calcium accrual rates 
change little during this period, 
but periosteal expansion (outer 
surface of bone) may be increas
ing.10 These periosteal changes 
could theoretically confer greater 
stnlctural integrity and would not 
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Abbreviations: BMD, bone mineral density; NA, not assessed. 
*Some values are given as mean only because the SD was not reported and could not be calculated. 
tP<.05 for follow-up value vs baseline value. 

be adequateJy detected by bone 
density rneasuremenLs using DXA. 
One15 study found that the inde
pendent determinants ofBMD dur~ 
ing growth are Tanner stage in 
girls and weight in boys. Owing to 
the complex processes that occur 
during bone development, changes 
in bone mass in growing individu
als may be difficult to interpret. 
Several investigatorsHi· 17 have 
begun to develop normative data
bases to more accurately define 
expected BMD values for younger 
age ranges. 

Factors affecting the attain
ment of peak bone mass have re
cently been reviewed. 18,19 The pre
cise age at which peak bone mass 
occurs is unknown. Population
based, cross-sectional studies20

•
21 in

dicate that women may attain peak 
bone mass in their 20s at the proxi
mal femur and near age 30 years at 
the spine and forearm; however, age 
of att:'1inment could vary in healthy 
individuals. 22 A cross-sectional study 
of 265 premenopausal white fe
males aged 8 to 50 years showed that 
most of the bone mass at multiple 
skeletal sites is accumulated by late 
adolescence. 10 

Multiple factors affect attain
ment of peak bone mass, including 
genetic background, nutritional in
fluences, and activity leveL Twin23 

and family 24 studies suggest that 50% 
to 80% of the variance in bone mass 
is heritable. A strong association has 
been noted between bone densities 
in mother/daughter pairs, which may 

be apparent before the daughter has 
begun puberty. 25

"
27 

Bone Mass in Premenopause 

Sowers and Galuska28 published a 
comprehensive review of the epide
miology of bone mass in premeno
pausal women in 1993. They re
ported conflicting findings regarding 
BMD status after the attainment of 
peak bone mass and before the onset 
of menopause. Most cross-sectional 
studies from the 1980s and early 
1990s reported stable BMD in the pre
menopausal period. However, most 
prospective and cross-sectional stud
ies29"32 since 1994 have reported a 
small degree of loss ( <0.5°kl per year) 
during this period, especially at the 
proximal femur and more often in 
women with subclinical or clinical 
ovulation disturbances or meno
pausal symptoms (Table 1). 

RISK FACTORS FOR 
PREMENOPAUSAL 

OSTEOPOROSIS 

Risk factors for low bone mass and 
osteoporotic fractures have been well 
studied in perimenopausal and post
menopausal patients.33-36 Few stud
ies have comprehensively exam
ined predictors in younger patients. 
Moreira-Kulak et aP7 studied lll 
premenopausal and perimeno
pausal women younger than 55 years 
with T scores of -2.0 or less at 1 or 
more anatomic sites who were re
ferred to a tertiary care center for 

metabolic bone disorders. Seventy
three of these women (66%) had an 
identifiable cause of bone loss. Con
ditions associated -with estrogen de
ficiency and the use of glucocorti
coid therapy were the most common 
known causes of osteoporosis. How
ever, 38 women (34%), 21 of whom 
were premenopausal, had no iden
tifiable cause oflow bone mass. Peris 
et al-'8 studied 52 premenopausal os
teoporotic women aged 20 to 51 
years who were referred to an out
patient rheumatology clinic for os
teoporosis evaluation and similarly 
found that 29 (56%) had no identi
fiable predisposing condition. 

Tudor-Locke and McColP9 re
cently revie\ved risk factors for varia
tion in bone status in premeno
pausal women aged 20 to 50 years. 
Nonmodifiable risk factors include 
genetic effects and race and ethnic
ity. Potentially modifiable catego
ries of risk include hormonal and nu
tritional factors, physical activity, 
medications, and smoking. Certain 
disease states known to be associ
ated with early bone loss can be sec
ondary causes of osteoporosis. 

Genetic Influences 

Twin23 and family 24 studies have 
shown that genetic factors play an im
portant role in determining BMD. 
Candidate genes under study in
clude vitamin D receptor (VDR) 
genes,40

-
45 the estrogen receptor 

gene,46
-4

9 the collagen type l alpha 1 
(COLlA]) gene, 50

·
51 and genes that 
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regulate the grmvth hormone/insulin
like grmvth factor I a.xis.52.53 Their role 
in bone mass development is under 
inve..stigation, but this ha<> not been ad
equately characterized to date. 

Race and Ethnidty 

Owing to racial and ethnic differ
ences in BMD values, population 
norms have been established for use 
as DXA reference standards. 5-I-56 As 
a group, African American women 
achieve a higher peak bone mass 
than whites, show a slower subse
quent rate of bone loss, and have a 
lower incidence of postmeno
pausal hip fracture. 57·:m Asian Ameri
cans tend to have lower BMD val
ues than whites, but they also have 
a lower rate of hip fracture. 59 

Hormonal Factors 

Endogenous Hormones. Bone loss 
can occur in the setting of pro
longed amenonhea and estrogen de
ficiency. Davies etal60 measured lum
bar spinal bone mass in 200 white 
women aged 16 to 40 years seen in a 
reproductive medicine clinic for 
amenorrhea of a median duration o[ 
3years (range, 6months to 24years). 
Lumbar spinal BMD was 15% lower 
in the women with amenorrhea than 
in 57 age-matched controls (95% con
fidence interval [ Cl], 12%-18%; ab
solute BMDvalues, 0.89 glcm2 vs 1.05 
glcm2

). Patients who reported a his
tory of fracture had 6.6% lower mean 
BMD than those who never had a frac
ture (n=57; P= .003). A prospective 
study61 of 54 professional dancers and 
57 nondance.rs found lower lumbar 
spinal BMD values at baseline and 
during the subsequent 2 years in ex
ercising and nonexercising women 
with amenorrhea. An increased inci
dence of stress fractures was associ
ated vvith delayed menarche and 
lower spinal BMD. 

A small study of elite athletes in
dica ted that premature bone loss 
might occur in women with lesser de
grees of hypoestrogenism, as evi
denced by prolonged menstrual ir
regularity. Micldesfield et al62 

measured BMD in 25 premeno
pausal ultramarathon nmners aged 29 
to 39 years ( 4 had current oligomen
orrhea, 2 had current amenorrhea, 
and 4 had a history of mixed 

oligomenorrhea/amenorrhea). Mean 
lumbar spinal BMD in women with 
a history of oligomenorrhea alone 
was 12.4% lower than in controls 
(P<.005) but did not differ from the 
mean value in women with a history 
of oligomenorrhea and amenorrhea. 

Exogenous Hormones. In somestud
ies,61·M oral contraceptive (OC) use 
has been associated with bone mass 
increases in premenopausal women. 
Interpretation of these studies is dif
ficult for several reasons. The indi
cation for OC use is usually unspeci
fied, and women taking OCs for 
oligomenorrhea or amenorrhea 
would be more likely to have low 
bone mass at baseline than would 
those taking OCs for contraception 
only. Use of OCs could potentially 
have a different effect on bone mass 
in women with low vs nonnal bone 
mass at baseline. Also, OC users have 
been found to have a lower body mass 
index and to be more likely to smoke 
than controls in some studies, mak
ing confounding more likely. 

Two prospective studies of early 
premenopausal women who take OCs 
have failed to show consistent gains 
in bone mass in response to estro
gen therapy. Prior et al65 examined 
OC use in 524 women aged 25 to 45 
years participating in a multicenter, 
population-based cohort study, 454 
of whom had taken OCs. Mean BMD 
values adjusted for age, body mass in
dex, and height were 0.02 to 0.04 
glcm2 (2.3%-3. 7°;()) lower in women 
who had ever used OCs compared 
with controls; differences were sta
tistically significant at the lumbar 
spine and femoral trochanter. Re
sults were similar for current and past 
OC users. The investigators postu
lated that comorbicllifestyle factors 
(more smoking and alcohol con
sumption in OC users) or a confound
ing effect of OCs prescribed for oli
gomenorrhea/amenorrhea may have 
contributed to the..<>e findings. An ear
lier cohort study66 of 200 healthy 
women aged 19 to 22 years showed 
that 76 participants who took an oral 
monophasic contraceptive (ethinyl es
tradiol [20 j.lg] ±desogestrel [0.150 
mg]) for 5 years experienced no mean 
change in spinal BMD, whereas 71 
nonusers showed a 7.8% increase in 
spinal BMD by the end of the study. 
Considering the young age range of 

the participants, the lack of change in 
BMD associated with OC use sug
gested that exogenous estrogen may 
have attenuated the potential peak 
bone mass in users, whereas nonus
ers achieved normal gains. These find
ings need to be further validated to 
clarify the impact of OC use on bone 
mass in eumenorrheic women. 

Past prospective. studies have 
shown conflicting results regarding 
the effect of depot medroxyproges
terone acetate administration on bone 
mass. Most of these studies67•68 in
volved small patient populations fol
lowed for as little as 6 months. Are
cent 3-year population-based cohort 
study69 of 457 women aged 18 to 39 
years (183 depot medroxyprogester
one acetate users and 274 nonusers) 
showed an annual mean rate ofBMD 
change of-0.87% at the spine for the 
treatment group vs +0.40% for con
trols. Annual BMD change at the hip 
was -1.12% for the test group vs 
-0.05% for controls. The differences 
at both sites were statistically signifi
cant and seemed to be reversible af
ter discontinuation of depot medroxy
progesterone acetate use. Use of depot 
medroxyprogesterone acetate may 
cause lower endogenous e..strogen lev
els, an effect that may not be gener
alizable to other forms of progestin
only contraception.70

·
71 Ongoing 

multicenter studies will examine the 
impact of depot medroxyprogester
one acetate on bone loss and revers
ibility after discontinuation of use. 

In summary, delayed menar
che and amenorrhea are associated 
with lower spinal bone mass in pre
menopausal women. Limited evi
dence indicates that prolonged oli
gomenorrhea can have a similar effect 
on lumbar spinal BMD. Two prospec
tive studies of premenopausal women 
did not show BMD increases in re
sponse to OC use. A recent popula
tion-based prospective study indi
cated that long-term administration 
of depot medroxyprogesterone ac
etate is associated with bone density 
loss but that the loss may be revers
ible. Further studies are needed to 
support these conclusions. 

Nutritional Factors 

Cross-sectional studies and a lim
ited number of small prospective 
studies have examined the impact of 
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nutrition on bone mass in premeno
pausal women. Although dietary ef
fects have been the focus of numer
ous studies of postmenopausal 
osteoporosis, they are often second
ary measures in premenopausal stud
ies. For example, the effect of cal
cium intake on bone mass might be 
studied when calcium supplementa
tion is provided during an exercise in
tervention or a dieting program. As 
for all studies based on dietary histo
ries, these studies are limited by re
caU bias and extrapolation of short
term data on food consumption. 

Calcium. Ramsdale et al72 exam
ined the relationship between BMD 
and cal dum intake in 56 healthy pre
menopausal women aged 21 to 4 7 
years. Statistically significant corre
lations were found between calcium 
intake and BMD at 3 femoral sites 
(neck: r= 0.41; Ward's triangle: 
r=0.40; and trochanter: r==0.47; 
P<.OOl) and at the spine (r=0.27; 
P<.05). 72 A cross-sectional study by 
Teegarden et aF3 showed a more 
complex relationship between bone 
mass and nutrient intake. Dietary in
take was assessed from food fre
quency interviews in 215 white 
women aged 18 to 31 years re
cruited for an exercise intervention 
study. The statistical model indi
cated that adequate intakes of cal
cium, protein, and phosphorus were 
all required for significant bone den
sity changes to occur. 

Prospective studies have shown 
different findings in cohorts of dif
ferent ages. A cohort studyo-t of 1.'56 
healthy white college students fol
lowed for up to 5 years found an in
crease of 5.9% in lumbar spinal 
BMD. Spinal BMD showed a weak 
positive correlation \vith calcium in
take that was not statistically sig
nificant; however, a modest but sta
tistically significant correlation was 
seen with the calcium-protein ratio 
(r=0.20; P=.02). Citron et al74 ex
amined the effect of calcium intake 
on spinal and radial BMD in a 4-year 
prospective study of 41 older pre
menopausal women, aged 38 to 42 
years at baseline. Spinal bone mass 
declined -0.86%±0.15% per year 
(P<.OOl); the rate of decline was not 
attenuated by calcium intake. 

Thus, several cross-sectional and 
prospective studies have not shown 

a statistically significant association 
between BMD and calcium intake 
alone. However, calcium intake ana
lyzed in conjunction with other nu
trients seems to be a better predictor 
of spinal BMD in some studies. 

Protein. Cooper et aF5 studied the 
re1ationship of 6 key nutrients to 
axial and appendicular BMD in a 
cross-sectional, population-based 
study of premenopausal and post
menopausal women based on a 
7 -day dietary record. ln the analy
sis of72 premenopausal women, sta
tistically significant positive asso
ciations were found between protein 
intake and BMD in the proximal fe
mur and distal radius; these asso
ciations remained statistically sig
nificant after BMD values were 
adjusted for age, weight, and physi
cal activity. Acljusted BMD values 
were not associated with calcium 
and phosphorus intake. The 4 pre
menopausal women who had a his
tory of fractures at the hip, distal 
forearm, or spine had significantly 
lower intakes of protein and phos
phorus and borderline lower in
takes of calcium relative to other pre
menopausal women. These results 
suggest that protein intake may be 
an important determinant of bone 
mass in premenopausal women. 

Dieting and Weight Cycling. The 
effect of voluntary weight loss on 
BMD has been studied in several set
tings. Two small prospective studies 
of obese premenopausal patients par
ticipating in physician-supervised 
weight loss interventions, including 
phases of very-low-calorie dieting, 
demonstrated small but statistically 
significant decreases in bone min
eral content at the distal radius76 and 
hip77 after 8 to 36 months of follow
up. A randomized clinical triaF3 ex
amined bone mass in 236 healthy pre
menopausal women aged 44 to 50 
years recmited from the community 
to participate in a lifestyle interven
tion program for weight loss (di
etary behavior modification and ex~ 
ercise recommendations). After 18 
months of participation, the inter
vention group (n== 115) had lost 
3.2±4.7 kg vs a weight gain of 
0.42±3.6 kg in controls (n= 121). The 
annual rate of hip BMD loss was sig
nificantly higher in the intervention 

group vs controls (0.81%± 1.3% loss 
vs 0.42%±1.1% loss; P<.OOl), de
spite the fact that intake of dietary cal
cium and ca1cium supplements in
creased in the intervention group but 
decreased in controls. In contrast, 
Shapses et aF9 reported that lumbar 
spinal BMD increased by l. 7% from 
baseline in premenopausal obese 
women participating in a moderate 
weight loss plan with calcium supple
mentation (1000 rng/d) (n= 14). No 
significant change in lumbar spinal 
BMD was seen in dieters who did not 
receive calcium supplementation 
(n= 14) or in controls who main
tained their body weight (n= 10). 

Subtler degrees of eating re
straint may also affect bone mass. Van 
Loan and Keim80 measured signifi
cantly lovver bone mineral content in 
women who had high scores on a cog
nitive eating restraint questionnaire 
compared v.rith women who had low 
cognitive eating restraint scores. This 
effect was seen only in women who 
weighed less than 71 kg. Menstrual 
and hormonal differences were not as
sessed. Participants with high cogni
tive eating restraint scores reported 
higher numbers of lifetime weight loss 
cyde..s (episode.." of weight loss> 2.25 
kg). A cross-sectional study81 of 169 
premenopausal women aged 29 to 46 
years showed lower lumbar spinal 
BMD (-0.062 g/cm2 vs controls; 
P= .Ol) in participants who reported 
a history of weight cycling (weight 
loss of at least 5 kg, followed by re
gain of at least 50% of the loss). 

Thus, small degrees of bone loss 
have been observed in obese pa
tients on very-low-calorie diets. Re
sults of 2 cross-sectional studies sug
gested that a high level of eating 
restraint and a history of repeated 
weight loss followed by regain may 
be associated with slightly lower 
bone mass. 

Physical Activity 

Attempts to analyze the effect of physi
cal activity on bone mass have been 
hampered by methodological prob
lems in exercise intervention stud
ies. These studies show wide varia
tion in interventions and outcome 
measures, small effect sizes, fre
quent high dropout rates, and vari
able compliance with test or control 
regimens. Wallace and Cummingn re-
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Abbreviations: BMD, bone mineral density; NA, not assessed. 
*Values were calculated if not reported in the study. Some values are given as mean only because the SO was not reported and could not be calculated. 
tP<.05 for posttraining value vs pretraining value. 
:j:Values were extrapolated from 6-month follow-up data. 
§P<.05 for exercise group vs control group. 

cently published a systematic review 
of randomized trials of the effect of ex
ercise on bone mass in premeno
pausal and postmenopausal women 
published between 1966 and 1997. 
Theyincluded8 randomized trials of 
premenopausal women; pooled re
sults of these studies showed 1.5% 
(95% Cl, 0.6%-2.4%) less bone loss 
per year in the lumbar spine after im
pact exercise (n= 143; 73 exercisers 
and 70 controls) and 1.2% (95% CI, 
0.7%-1.7%) less loss after nonim
pact exercise (n=203; 95 exercisers 
and 108 controls). At the femoral 
neck, impact exercise was associated 
with 0.9% (95% CI, -0.2% to 2.0%) 
less bone loss, which approached sta
tistical significance (n= 143; 73 exer-

cisers and 70 controls). There were 
insufficient data to analyze the effect 
of nonimpact exercise on bone mass 
at the femoral neck. 

Two sn.tdies83
•
84 published since 

the previously mentioned system
atic review82 have shown statisti
cally significant increases in BMD 
from baseline in premenopausal 
women with high levels of physical 
activity; however, neither of these 
studies showed statistically signifi
cant differences in BMD in physi
cally active women compared with 
controls. Two earlier randomized 
controlled trials85

•
86 showed statis

tically significant increases in lum
bar spinal BMD in women who par
ticipated in exercise interventions 

compared with controls; all partici
pants took a calcium supplement 
throughout both of these trials. Rel
evant prospective studies~'3-87 of ex
ercise are summarized in Table 2. 

Disease Factors 

Anorexia Nervosa and Associated 
Eating Disorders. Low bone mass is 
highly prevalent in patients with 
chronic anorexia nervosa (AN), es
pecially those with the binge-eating/ 
purging subtype.83 In a cohort analy
sis of 130 women with AN recruited 
from the community, Grinspoon et 
aF19 found that 92% of participants 
met the World Health Organiza
tion criteria for osteopenia (BMD re-
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duced by "= !.0 SD) and that 38% 
met the criteria for osteoporosis 
(BMD reduced by 2':2.5 SD) at 1 or 
more skeletal sites. Weight was a sig
nificant independent predictor of 
BMD at all skeletal sites; age at men
arche and time since last menstrual 
period were significant predictors of 
spinal BMD. Undernutrition, hy
poestrogenism, and possibly endog
enous cortisol excess are mecha
nisms for accelerated bone loss in 
these patients. Bone loss has the po
tential to be most severe in chronic 
AN "vhen onset of disease is before 
attainment of peak bone mass. 90 

Other Diseases. A recent system
atic review91 classified the follow
ing disease states as high risk (rela
tive risk ?:2) for fracture related to 
bone mass loss in predominantly 
postmenopausal women: primary 
hyperparathyroidism, type l diabe
tes mellitus, AN, gastrectomy, per
nicious anemia, and previous osteo
porotic fracture. Moderate-risk 
diseases (relative risk of fracture l-2) 
included hyperthyroidism, diabe
tes mellitus (type 2 or not speci
fied), and rheumatoid arthritis. 

Accelerated bone loss may be as
sociated with endocrine diseases that 
lead to hypoe...;;trogenism (eg, hyper
prolactinemia92 and Sheehan 
syndrome). Disease...;; for which glu
cocorticoid therapy is commonly pre
scribed (eg, collagen vascular dis
eases93 and cystic fibrosis 94) and 
conditions causing high endoge
nous levels of glucocorticoids (eg, 
Cushing's syndrome) may be associ
ated with premature bone loss. Mal
absorption syndromes, inflamma
tory bowel disease, and lactose 
intolerance95 can affect bone health in 
part by altering calcium and vitamin 
D absorption and intake. A recent 
population-based study96 of 322 
women \'irith a history of major de
pression compared with 644 con
trols showed that a lifetime history of 
major depression may be associated 
v.ith earlier transition to perimeno
pause and ils associated hypoe...;;tro
genic state, which could potentially 
lead to premature bone loss. A Na
tional Institutes of Health-spon
sored clinical trial97 is currently ex
amining whether premenopausal 
women aged 21 to 45 years with ma
jor depression lose bone mass at a 

faster rate than women V'lithout de
pression and whether alendronate 
therapy can preserve bone mass in 
premenopausal women with major 
depression and osteoporosis. 

Medications 

Glucocorticoids. A meta-analysis98 of 
56 cross~sectionai studies and 10 lon
gitudinal studies (a total of289l cor
ticosteroid users, 71.5% women, av
erage age of55.2 years, age range and 
menopausal status not specified) con
cluded that oral doses of predniso
lone greater than 5 mg/d or an equiva
lent led to a reduction in BMD and a 
rapid increase in fracture risk as early 
as 3 to 6 months after initiation of 
therapy. As discussed in this analy
sis, the increased fracture risk seems 
to be primarily due to a decline in 
bone density, but it is probably also 
due to a deterioration in bone qual
ity. The decline in quality is evi
denced by higher fracture rates than 
expected based on bone density 
changes alone in patients vvith cor
ticosteroid-induced osteoporosis. 
Prolonged use of inhaled corticoste
roids may also contribute to bone 
loss.99

,
100 Long-term corticosteroid use 

can cause a decline in muscle mass, 
which could potentially increase fall 
risk. Although the American Col
lege of Rheumatology has pub
lished guidelines for BMD monitor
ing and preventive management in 
patients receiving long-term cortico~ 
steroid therapy, 101 many patients tak
ing chronic exogenous corticoste
roids do not receive preventive 
therapy for bone loss. 102 

Other Medications. Although long
term thyroid supplementation has 
been associated with significant os
teopenia in cross-sectional stud
ies,103 a recent systematic review91 of 
cohort studies and case-control stud
ies and a large cohort study'H of post
menopausal white women did not in
dicate an independent association 
with fracture risk In the latter study, 
current use of anticonvulsant dmgs 
was associated with increased hip 
fracture risk in an age-adjusted model 
(relative risk, 2.8; 95% Cl, !.2-6.3), 
although a previous analysisHH did not 
show an association between use of 
anticonvulsant drugs and lower ap
pendicular bone mass. A meta-

analysis105 of 9 cross-sectional stud
ies of long-term oral anticoagulant 
exposure found a modest negative as
sociation v..rith bone density in the ul
tradistal radius but no significant as
sociation wi.th bone density in the 
distal radius, spine, or hip. 

Smoking 

Two meta-analyses106
)

07 since 1997 
have reported statistically signifi
cantly lowerBMD at the hip in long
term smokers compared with non
smokers. Smoking may exert its 
effect on bone by altering calcium 
and vitamin D metabolism. 108•109 

CLINICAL OUTCOMES 

Osteoporosis itself is clinically si
lent; the disorder has clinical and 
public health importance only be
cause it increases the risk of dis
abling osteoporotic fractures. 110 

These outcomes are well studied in 
postmenopausal women. Although 
certain high-risk young adults may 
have BMD in the osteoporotic range, 
these patients have a low fall risk and 
greater muscle strength and dexter
ity to protect themselves from 
higher-impact falls. How often, and 
how early, do complications occur 
in premenopausal patients? Imme
diate and long-term clinical out
comes should be considered. 

Immediate Clinical Outcomes 

Premenopausal osteoporotic frac
tures are rare; however, early fragil
ity fractures have been docu
mented. Tn a descriptive study of 52 
consecutive premenopausal women 
aged 20 to 51 years referred to an out
patient rheumatology clinic primar
ily for osteoporosis management, 
Peris et aP8 found 15 patients (29%) 
with vertebral fractures and 12 with 
previous peripheral fractures. 

Low bone mass has been asso
ciated with an increased incidence of 
stress fractures in female athletes111 

and military recruits. 1 u Certain oc
cupational groups, such as balleri
nas, are at increased risk of delayed 
menarche and hypothalamic amen
orrhea leading to osteopenia and 
stress fractures. 113 A survey of 75 
dancers found that 61% (n=46) re
ported a history of fracture, and 69% 
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Abbreviations: BMC, bone mineral content; BMD, bone mineral density; Cl, confidence interval; DXA, dual-energy x-ray absorptiometry; LS, lumbar spine; 
OR, odds ratio. 

of the fractures described were stress 
fractures. 1H Early stress fracturesm 
and vertebral fractures116 were docu
mented in case series of patients \\-'i.th 
AN. A retrospective, population
based cohort study117 assessed long
tenn fracture risk in 208 patients with 
AN followed for a total of 2689 per
son-years. Forty-five patients sus
tained 88 fractures; the cumulative in
cidence of any fracture 40 years after 
the diagnosis of AN was 57%. Frac
tures of the hip, spine, and forearm 
occurred long after disease onset (av
erage, 24-38 years after diagnosis). 

Adolescent idiopathic scoliosis 
has been associated with persistent os
teopenia in a small cohortstudyl18 and 
with low body mass index due to pre-

sumed disordered eating in a cross
sectionalstudy119 of 44youngwomen. 
A 24% prevalence of scoliosis wa...:.; re
ported in an early study of young bal
let dancers114

; this value is substan
tially higher than the 2% prevalence 
of scoliosis reported in school-aged 
children and adolescents. 120

·
121 

Late Clinical Outcomes 

Retrospective data from postmeno
pausal studies3

•
122

-
125 suggest that 

fractures in early adulthood may pre
dict fractures in the perimeno
pausal and postmenopausal period 
(Table 3). A recent report from the 
Study of Osteoporotic Fractures co
hort of 9086 white women aged 65 

years and older indicated that pre
menopausal fracture is an indepen
dent risk factor for postmeno
pausal fracture. 122 For women with 
a history of premenopausal frac
ture, the hazard ratio of fractures of 
all types during 12 years of fol
low-up was 1.25 (95% CI, 1.03-
1.50) after adjustment for age, BMD, 
body mass index, use of corticoste
roid and anticonvulsant medica
tions, number of falls, and mater
nal fracture history. This effect 
persisted after stratification by es
trogen use, propensity to fracture, 
and maternal fracture history. Simi
larly, a large retrospective, popula
tion-based study by Honkanen et aP 
found that a history of any fracture 
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at ages 20 to 34 years was associ
ated with an increased risk of frac
ture at ages 35 to 57 years (hazard 
ratio, !.9; 95% CI, !.6-2.3). 

In summary, descriptive stud
ies have shown low bone mass and a 
higher incidence of stress fractures in 
premenopausal women with certain 
disease states associated with pro
longed amenorrhea, nutritional dep
rivation, or excessive exercise. Pre
menopausal fragility fractures are rare; 
however, premenopausal fractures of 
any type are an independent predic
tor of postmenopausal fractures. 

MANAGEMENT 

Treatment Issues 

Early treatment interventions have 
been studied in premenopausal pa
tients with secondary osteoporosis 
from a variety of causes. A Cochrane 
Revi.ew126 assessed the efficacy ofbis
phosphonates for the prevention and 
treatment of corticosteroid-induced 
osteoporosis. This systematic re
view included l3 controlled clinical 
trials of842adultsolder than !Syears, 
most of whom were taking chronic 
corticosteroids for collagen vascular 
diseases (especially rheumatoid ar
thritis and lupu..<>), asthma, or chronic 
obstructive pulmonary disease. The 
weighted mean difference in BMD be
t\veen the treatment and placebo 
groups was 4 .3°k (95% CI, 2. 7%-
5.9%) at the lumbar spine and 2.1% 
(95% Cl, 0.01 %-3.8%) at the fem
oral neck. Efficacy regarding frac
ture prevention could not be deter
mined. Currently, treatment trials are 
under way examining the efficacy of 
bisphosphonates in preventing or 
treating bone loss in premenopausal 
women with premature ovarian fail
ure due to chemotherapy for breast 
cancer, in patients ·with cystic fibro
sis, and in children with idiopathic ju
venile osteoporosis.97 

A randomized controlled trial bv 
Klibanski et aP 27 (n=48) and a r~
cent prospective cohort study by 
Golden et aP 28 (n=50) showed that 
estrogen-progestin replacement 
therapy did not prevent progressive 
bone loss in premenopausal patients 
with AN. Raloxifene therapy was 
found to prevent gonadotropin
releasing hormone-agonist-related 
bone loss in a single-blind, random-

ized controlled triaP 29 of 100 pre
menopausal women receiving treat
ment for uterine leiomyomas. 

Safety ofbone-protective agents 
for women of reproductive age must 
be considered. For example, bisphos
phonates have a category Crating for 
safety in pregnancy, based on toxic ef
fects at parturition in d1e rat model. 130 

Bisphosphonates have been shown to 
pass through the rat placenta and ac
cumulate in fetuses.m These agents 
may be stored in bone for long peri
ods, and the long-term implications 
for women of childbearing age are un
certain. Potential risks and lack of ef
ficacy data on fracture risk reduc
tion in premenopausal women must 
be weighed against the proven effi
cacy ofbisphosphonates to decrease 
fractures in postmenopausal wom
en.132·133 Bisphosphonate use should 
be limited in premenopausal women 
until further research clarifies its safety 
and efficacy. 

Screening Issues 

Although some clinical outcomes may 
occur early, screening for premeno
pausal osteoporosis in the general 
population is not feasible. The US Pre
ventive Services Task Force134 con
siders screening in women younger 
than 60 years a grade C recommen
dation, that is, although the Task 
Force found at least fair evidence that 
this process can improve health out
comes (prevent fractures), it con
cluded that the balance of benefits and 
harms is too close to justify a general 
recommendation. The National Os
teoporosis Foundation mentions that 
current data are insufficient to for
mulate specific recommendations for 
premenopausal women, nonwhite 
women, or men. However, the Na
tional Osteoporosis Foundation 135 

recommends that risk factors be used 
on an individual basis to determine 
the need for bone density testing and 
treatment and that all people should 
follow universal recommendations for 
bone health. 

A case-findingstrategy could be 
considered for premenopausal 
women with disease conditions 
known to be strongly associated with 
accelerated bone loss. Early detec
tion of osteoporosis could allow in
terventions at an age when appropri
ate measures could maximize bone 

accrual and minimize loss over a 
much longer period before meno
pause. Some interventions are more 
likely to be effective in younger wom
en; for example, more strenuous 
physical activity can be recom
mended to younger patients, and they 
may be more likely to comply with 
exercise prescriptions than perimeno
pausal and postmenopausal women. 
Moreover, older patients are more 
likely to have already sustained frac
tures or to have comorbid condi
tions that could limit their ability to 
comply with an exercise regimen. 

However, advantages of early 
detection must be weighed against po
tential harms, which include treat
ment-associated morbidity, inappro
priate treaunent of patients with false
positive test results, prolonged 
psychological distress in some pa
tients over misperceived fracture risk, 
and misallocation of resources if more 
lives could be saved or improved 
through other preventive measures. 
Existing evidence regarding the bal
ance of benefits and harms is insuffi
cient to allow reasonable cost-effective 
analyses of screening strategies for 
premenopausal osteoporosis. 

Guidelines 

A search of the National Guide
lines Clearinghouse in November 
2002 revealed 8 practice guidelines 
directly relating to osteoporosis 
management. Four of these guide
lines offer some diagnostic or treat
ment information for premeno
pausal patients6

·
101

·D
6.1 37

; the fifth 
mentions that its prevention guide
lines apply to adults of all ages.U8 

The 2001 update of the American 
College of Rheumatology Recom
mendations for the Prevention and 
Treatment of Glucocorticoid
Induced Osteoporosis mentions that 
prevention of bone loss with anti
resorptive agents should be consid
ered for premenopausal women re
ceiving glucocorticoid therapy. 101 

Evidence to date does not support 
screening for osteoporosis in pre
menopausal women in the general 
population. However, certain pa
tient populations are at higher risk of 
accelerated bone loss at an early age; 
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a systematic method for identifying 
these patients in primary care is lack
ing. Further research must clarify the 
relative importance of risk factors for 
early bone loss and better document 
the potential benefits and harms of 
screening before a useful approach to 
selective screening can be devel
oped. Until then, we will rely on 
heightened knowledge of primary 
care physicians to identify young 
women who may need early bone 
health assessment and preventive in
terventions. The evidence reviB.ved in 
this article supports consideration of 
risk assessment and bone densitvtest
ing for premenopausal warner{ with 
the following conditions: frequent or 
prolonged use of corticosteroid medi
cations (2::5 mg of oral prednisolone 
or the equivalent per day for 2::3 
months), past or current AN, pro
longed or recurrent amenorrhea, hy
perparathyroidism, rheumatoid ar
thritis, and hyperthyroidism. Patients 
with abnormally low bone density will 
often require additional laboratory 
workup, nutritional evaluation, or 
specialty referral. 

Future research should focus on 
prevention in addition to therapeu
tic interventions. Health care practi
tioners also need to increase patient 
education on modifiable disease fac
tors, including optimal nutrition from 
birth, age-appropriate regular weight
bearing exercise, smoking cessa
tion, and minimization of environ
mental risk factors for fracture. The 
goal should be to institute age
appropriate interventions at a stage 
when bone quality is intact and fu
ture loss can be minimized. 

Accepted for publication May 9, 2003. 
We thank David Ontjes, MD, 

Russell Harris, MD, MPH, and Mi
chael Pignone, MD, MPH,for their re
view of this manuscript and jay Si
wek, MD,for his editorial advice. 

This study was sttpported by the 
Robert Wood johnson Foundation, 
Princeton, N] (Dr Gourlay) and by the 
University of North Carolina Na
Liona/ Institutes of Health-sponsored 
Building Interdisciplinary Research 
Careers in Women's Health Program 
(Dr Brown). 

Corresponding author: Marga
ret L. Gourlay, MD, Robert Wood 
johnson Clinical Scholars Program, 
University of North Carolina-

Chapel Hill, 5034 Old Clinic Build
ing, Campus Box 7105. Chapel Hill. 
NC 27599 (e-mail: margaret 
_gourlay @med.unc.eclu). 

1. Agency for Health care Research and Quality. Os· 
teoporosis in postmenopausal women: diagno
sis and monitoring: summary. Available at http: 
I /www. ahrq .gov I eli ni c/e pcsu ms/ osteo sum 
.htm. Accessed April1 0, 2003. 

2. Cuddihy M, Gabriel S, Crowson C, Fallon W, 
Melton LJ Ill. Forearm fractures as predictors of 
subsequent osteoporotic fractures. Osteopo
ros Int. 1999;9:469-475. 

3. Honkanen R, Tuppurainen M, Kroger H, Alhava 
E, Puntila E. Associations of early premeno
pausal fractures with subsequent fractures vary 
by sites and mechanisms of fractures. CalcifTis
sue Int. 1 997;60:327-331. 

4. Rothberg AD, Matshidze PK. Perimenopausal 
wrist fracture: an opportunity for prevention and 
management of osteoporosis. SAfr MedJ. 2000; 
90:1121-1124. 

5. NIH Consensus Development Panel on Osteo
porosis Prevention, Diagnosis, and Therapy. Os
teoporosis prevention, diagnosis, and therapy. 
JAMA. 2001;285:785-795. 

6. Osteoporosis prevention, diagnosis, and therapy. 
NIH Consens Statement. 2000;17:1-45. 

7. Marshall D, Johnell 0, Wedel H. Meta-analysis 
of how well measures of bone mineral density 
predict occurrence of osteoporotic fractures. 
BMJ. 1996;312:1254-1259. 

8. Cummings S, Bates D, Black D. Clinical use of 
bone densitometry: scientific review. JAMA. 
2002;288:1 889-1900. 

9. World Health Organization Study Group. Assess
ment of Fracture Risk and Its Application to 
Screening tor Postmenopausal Osteoporosis. 
Geneva, Switzerland: World Health Organiza· 
tion; 1994. WHO Technical Report Series No. 843. 

10. MatkovicV, Jelic T, Wardlaw G, et al. Timing of 
peak bone mass in Caucasian females and its im
plication for the prevention of osteoporosis: in
ference from a cross-sectional model. J Clin ln
vest.1994;93:799-808. 

11. Bannick S, Nichols 0, Sanborn C, et al. Dissimilar 
spine and femoral Z-scores in premenopausal 
women. Cafcif Tissue Int. 1997;61 :263-265. 

12. Ryan P. Bone densitometry in the management 
of Calles' fractures: which site to measure? Br 
J Radio/. 2001;74:1137-1141. 

13. Abrams S, Copeland K, Gunn S, Gundberg C, 
Oerter Klein K, Ellis K. Calcium absorption, bone 
mass accumulation, and kinetics increase dur
ing early pubertal development in girls. J Clin En
docrinol Metab. 2000;85:1 805-1809. 

14. Salley D, Martin A, McKay H, WhitingS, Mir· 
wald R. Calcium accretion in girls and boys dur
ing puberty: a longitudinal analysis. J Bone Miner 
Res. 2000;15:2245-2250. 

15. Boot A, Ridder M, Pols H, Krenning E, Muinck 
Keizer -Schrama S. Bone mineral density in chil
dren and adolescents: relation to puberty, cal
cium intake, and physical activity. J Clin Endo
crinol Metab. 1997;82:57-62. 

16. Ellis K, Shypailo R, Hardin 0, et al. Z score pre
diction model for assessment of bone mineral 
content in pediatric diseases. J Bone Miner Res. 
2001;16:1658-1664. 

17. Bachrach L, Hastie T, Wang M, Balasubrama
nian N, Marcus R. Bone mineral acquisition in 
healthy Asian, hispanic, black and caucasian 
youth: a longitudinal study. J C/in Endocrinol 
Metab. 1999;84:4702-4712. 

18. Heaney R, Abrams S, Oawson-Hughes B, et al. 
Peak bone mass. Osteoporos Int. 2000;11 :985-
1009. 

19. Soyka L, Fairfield W, Klibanski A. Hormonal de
terminants and disorders of peak bone mass in 

children. J Cfin Endocrinol Metab. 2000;85:3951-
3963. 

20. Lofman 0, Larsson L, Toss G. Bone mineral den
sity in diagnosis of osteoporosis: reference popu
lation, definition of peak bone mass, and mea
sured site determine prevalence. J C!in Densitom. 
2000;3:177-186. 

21. Tenenhouse A, Joseph L, Kreiger N, et al. Esti
mation of the prevalence of low bone density in 
Canadian women and men using a population
specific DXA reference standard: the Canadian 
Multicentre Osteoporosis Study {CaMos}. Os
teoporos Int. 2000;11 :897-904. 

22. Bonjour J. Theintz G, Buchs B, Slosman B, Riz
zoli R. Critical years and stages of puberty for 
spinal and femoral bone mass accumulation dur
ing adolescence. J C/in Endocrfnol Metab. 1991; 
73:555-563. 

23. Pocock N, Eisman J, Hoper J, Yeates M, Sam
brook P, Eberl S. Gertetic determinants of bone 
mass in adults: a tvvin study. J Clin Invest. 1 987; 
80:706-710. 

24. Guerguen R, Jouanny P, Guillemin F, Kuntz C, 
Pourel J, Siest G. Segregation analysis and vari
ance components analysis of bone mineral den
sity in healthy familles. J Bone Miner Res. 1 995; 
10:2017-2022. 

25. Seeman E, Hopper J, Bach L, et al. Reduced bone 
mass in daughters of women with osteoporo
sis. N Eng/ J Med. 1989;320:554-558. 

26. FerrariS, Rizzoli R, Slosman D, Bonjour JP. Fa
milial resemblance for bone mineral mass is ex
pressed before puberty. J Clin Endocrinol Meta b. 
1998;83:358-361. 

27. Giisanz V, Gibbens D, Carlson M, Boechat M, 
Cann C, Schulz E. Peak trabecular vertebral den
sity: a comparison of adolescent and adult fe
males. Ca/cif Tissue Int. 1 988;43:260-262. 

28. Sowers MR, Galuska DA. Epidemiology of bone 
mass in premenopausal women. Epidemio/ Rev. 
1993;15:374-398. 

29. Bainbridge K, Sowers M, Crutchfield M, Lin X, 
Jannausch M, Harlow S. Natural history of bone 
loss over 6 years among premenopausal and 
early postmenopausal women. Am J Epide
mic/. 2002;156:410-417. 

30. Hui SL, Perkins AJ, Zhou L, etal. Bone loss at the 
femoral neck in premenopausal white women: ef
fects of weight change and sex-hormone levels. 
J Clin Endocrino/ Metab. 2002:87:1539-1543. 

31. Salamone Livl, Glynn NW, Black OM, et al. De
terminants of premenopausal bone mineral den
sity: the interplay of genetic and lifestyle fac
tors. J Bone Miner Res. 1996;11 :1557-1565. 

32. Slemenda C, Longcope C, PeacockM, Hui S, John
ston CC. Sex steroids, bone mass, and bone loss: 
a prospective study of pre-, peri-, and postmeno
pausal women. J C!in Invest. 1996;97:14-21. 

33. Slemenda C, Hui S, Longcope C, Wellman H, 
Johnston CC. Predictors of bone mass in peri
menopausal women: a prospective study of clini
cal data using photon absorptiometry. Ann In
tern Med. 1990;112:96-101. 

34. Cummings S. Risk factors for hip fracture in white 
women. N Eng/ J Med. 1995;332:767-774. 

35. Nevitt M, Cummings S, the Study of Osteopo
rotic Fractures Research Group. Type of fall and 
risk of hip and wrist fractures: lhe study of os
teoporotic fractures. JAm Geriatr Soc. 1993;41: 
1226-1234. 

36. Dargent-Mo!ina P, Oouchin M, Cormier C, Meu~ 
nier P, Breart G, Group ES. Use of clinical risk 
factors in elderly women with low bone mineral 
density to identify women at higher risk of hip 
fracture: the EP!OOS prospective study. Osteo
poras Int. 2002;13:593-599. 

37. Moreira-Kulak CA, Schussheim DH, McMahon 
OJ, etal. Osteoporosis and low bone mass in pre
menopausal and perimenopausal women. En
doer Pract. 2000;6:296-304. 

38. Peris P, Guanabens P, De Osaba M, et al. Clini
cal characteristics and etiologic factors of pre
menopausal osteoporosis in a group of Span
ish women. Semin Arthritis Rheum. 2002;32: 
64-70. 

(REPRJNTED) ARCH INTERN MED/VOL 164, MAR 12, 2004 
612 

WWW.ARCHINTERNMED.COM 

©2004 Am~rican Medical As..,odati.on. All rights rcscl·vc.d. 



39. Tudor-Locke C, McColl RS. Factors related to bar spine in German men and women: a cross- related to severe overweight and dietary weight 
variation in premenopausal bone mineral sta· sectional study. Ca!cif Tissue Int. 1995;56:350· reduction. Acta Endocrine/ (Copenh). 1993;129: 
tus: a health promotion approach. Osteaporos 354. 393-398. 
Int. 2000;11:1-24. 57. Daniels EO, Pettifor JM, Schnitzler CM, Mood- 77 Fogelholm GM, Sievanen HT, Kukkonen-

40 Eccleshall TR, Garnero P, Gross C, Delmas PD, ley GP, Zachen D. Differences in mineral homeo- Harjula TK, Pasanen ME. Bone mineral density 
Feldman D. Lack of correlation between start stasis, volumetric bone mass and femoral neck during reduction, maintenance and regain of body 
codon polymorphism of the vitamin D receptor axis length in black and white South African weight in premenopausal, obese women. OS· 
gene and bone mineral density in premeno- women. Osteoporos tnt. 1 997;7:1 05-112. teoporos Int. 2001 ;12:1 99-206. 
pausal French women: the OFELY study. J Bone 58 Harris SS, Wood MJ, Dawso11-Hughes B. Bolle 78. Salamone LM, Cauley JA, Black DM, eta I. Effect 
Miner Res. 1998;13:31-35. mineral density of the total body and forearm in of a lifestyle intervention on bone mineral den-

41. Garnero P, Borel 0, Sornay-Rendu E, Delmas PD. premenopausal black and white women. Bone. sity in premenopausal women: a randomized trial. 
Vitamin D receptor gene polymorphisms do not 1 995;16(suppl):311 S-3158. Am J Clin Nutr. 1999;70:97·103. 
predict bone turnover and bone mass in healthy 59 Lauderdale 0, Jacobsen S, Furner S, Levy P, 79. Shapses SA, Von Thun NL, Heymsfield SB, etal. 
premenopausal women. J Bane Miner Res. 1995; Brody J, Goldberg J. Hip fracture incidence Bone turnover and density in obese premeno-
10:1283-1288. among elderly Asian-American populations. Am pausal women during moderate weight loss and 

42 Barger-Lux MJ, Heaney RP, Hayes J, Deluca HF, J Epidemio/.1997;146:502-509. calcium supplementation. J Bone Miner Res. 
Johnson ML, Gong G. Vitamin 0 receptor gene 60. Davies M, Hall M, Jacobs H. Bone mineral loss 2001 ;16:1329-1336. 
polymorphism, bone mass, body size, and vita- in young women with amenorrhea. BMJ. 1990; 80. Van Loan MD, Keirn NL. Influence of cognitive eat-
minD receptor density. CatcifTissue lnt.1995; 301:790-793. ing restraint on total-body measurements of bone 
57:161-162. 61. Warren M, Brooks-Gunn J, Fox R, Holderness mineral density and bone mineral content in pre-

43. Salamone LM, Ferrell R, Black OM, et al. The as- C, Hyle E, Hamiltlon W. Osteopenia in exercise- menopausal women aged 18-45 y: a cross-
sociation between vitamin D receptor gene poly- associated amenorrhea using ballet dancers as sectional study. Am J C/in Nutr. 2000;72:837-
morphisms and bone mineral density at the spine, a model: a longitudinal study. J Clin Endocrinol 843. 
hip and whole-body in premenopausal women. Metab. 2002;87:3162-3168. 81. FogelhOim M, Sieviinen H, Heinonen A, et al. As-
Osteoporos Int. 1996;6:63-68. 62. Micklesfield LK, Lambert EV, Fataar AB, Noakes sociation between weight cycling history and 

44. Spotila LD, Caminis J, Johnston R, et al. Vita- TD, Myburgh KH. Bone mineral density in ma- bone mineral density in premenopausal women. 
min D receptor genotype is not associated with lure, premenopausal ultramarathon runners. Mea Osteoporos tnt 1997;7:354-358. 
bone mineral density in three ethnic/regional Sci Sports Exerc. 1995;27:688-696. 82. Wallace B, Cumming R. Systematic revie11tof ran-
groups. Ca!CifTissue Int. 1996;59:235-237. 63. Lindsay R, T ohme J, Kanders B. The effect of oral domized trials of the effect of exercise on bone 

45 Jarvinen TL, Jarvinen TA, Sievanen H, et al. Vita- contraceptive use on vertebral bone mass in pre- mass in pre- and postmenopausal women. Cal-
min D receptor alleles and bone's response to and post-menopausal women. Contraception. cff Tissue Int. 2000;67:1 0-18. 
physical activity. Calcif Tissue Int. 1998;62:413- 1986;34:333-340. 83. Goto S, lshima M, Shimizu M, Kobayashi Y, 
417. 64. Recker R, Davies K, Hinders S, Heaney R, Steg- Moriya H. A longitudinal study for femoral neck 

46. Miwnuma H, Hosoi T, Okano H, et al. Estrogen man M, Kimmel D. Bone gain in young adult bone mineral density increases in premeno-
receptor gene polymorphism and bone mineral women. JAMA. 1992;268:2403-2408. pausal caddies using dual-energy X-ray absorp-
density at the lumbar spine of pre- and post- 65. Prior JC, Kirkland SA, Joseph L, et al. Oral con- tiometry. J Bone Miner Metab. 2001:19:125-
menopausal women. Bone. 1997;21:379-383. traceptive use and bone mineral density in pre- 130. 

47. Ho A, Yeung SS, Kung AW. Pvull polymer- menopausal women: cross-sectional, population- 84. Winters KM, Snow CM. Detraining reverses posi-
Ph isms ofthe estrogen receptor u and bone min- based data from the Canadian Multicentre tive effects of exercise on the musculoskeletal 
era! density in healthy southern Chinese women. Osteoporosis Study. CMAJ. 2001;165:1023- system in premenopausal women. J Bone Miner 
Calc if Tissue Int. 2000;66:405-408. 1029. Res. 2000;15:2495-2503. 

48. Ong[.lhiphadhanakul B, Rajatanavin R, Chanpra· 66. Polatti F, Perotti F, Filippa N, Gallina D, Nappi R. 85. Oornemann TM, McMurray RG, Renner JB, 
sertyotllin S. eta I. Estrogen receptor gene poly· Bone mass and long-term monophasic oral con- Anderson JJ. Effects of high-intensity resis-
morphism is associated with bone mineral den- traceptive treatment in young women. Contra- lance exercise on bone mineral density and 
sity in premenopausal women but not in ceptfon. 1995;51:221-224. muscle strength of 40-50-year-old women. J 
postmenopausal women. J Endocrina/lnvest. 67. Naessen T, Olsson SE, Gudmundson J. Differ· Sports Med Phys Fitness. 1997;37:246-251. 
1 998;21 :487-493. entia\ effects on bone density of progestogen- 86. Lohman T, GoingS, Pamenter R, et al. Effects 

49. Sriussadaporn S, Srimuninnimit V, Ploybutr S, et only methods for contraception in premeno- of resistance training on regional and total bone 
al. Association between estrogen receptor con- pausal women. Contraception. 1995;52:35-39. mineral density in premenopausal women: a ran-
centration in breast cancer tissue and bone min- 66. Cundy T, Evans M, Roberts H, Wattie D, Ames domized prospective study. J Bone Miner Res. 
eral density. J Med Assac Thai. 2002;85:327- R, Reid I. Bone density in women receiving de- 1995;1 0:1015-1024. 
333. pot medroxyprogesterone acetate for contra- 87. !toM, Nakamura T, Ikeda S, etal. Effects of life-

50. TokitaA, Kelly PJ, Nguyen TV, eta I. Genetic in- ception. BMJ. 1991;303:13·16. time volleyball exercise on bone mineral densi-
fluences on type I collagen synthesis and deg· 69. Scholes D, LaCroix AZ, Ichikawa LE, Barlow WE, ties in lumbar spine, calcaneus and tibia for pre-, 
radation: further evidence for genetic regula· Ott SM. Injectable hormone contraception and peri- and postmenopausal women. Osteaporos 
lion of bone turnover. J C!in Endocrinol Metab. bone density: results from a prospective study. Int. 2001;12:104-111. 
1994; 78: 1461-1466. Epidemiology. 2002;13:581-587. 88. Zipfel S, Seibel M, Lowe B, Beumont P, Kasperk 

51. Hampson G, Evans C, Petitt RJ, et al. Bone min- 70. Sorenson M, Collins P, Ong P, et al. Long-term C, Herzog W. Osteoporosis in eating disorders: 
era! density, collagen type 1 alpha 1 genotypes use of contraceptive depot medroxyprogester· a fol\ow-up study of patients with anorexia and 
and bone turnover in premenopausal women with one acetate in young women impairs arterial en· bulimia nervosa. J Cfin Endocrfnol Meta b. 2001; 
diabetes mellitus. Oiabeto/ogia. 1998;41 :1314- dothelial function assessed by cardiovascular mag- 86:5227-5233. 
1320. netic resonance. Circulation. 2002;1 06:1646- 89. Grinspoon S, Thomas E, Pitts S, et al. Preva-

52. Rosen C, Kurland E, Vereault D, et al. Associa- 1651. lence and predictive factors for regional osteo-
lion between serum insulin growth lactor-1 (IGF-1) 71. Clark M, Sowers M, Levy B, Tenhundfeld P. Mag- penia in women with anorexia nervosa. Annln-
and a simple sequence repeat in IGF·I gene: im· nitude and variability of sequential estradiol and tern Med. 2000;133:790-794. 
plications for genetic studies of bone mineral den- progesterone concentrations in women using de- 90. Biller B, Saxe V, Herzog D, Rosenthal D, Holzman 
sity. J Clin Endocrinol Metab. 1998;83:2286- pot medroxyprogesterone acetate for contra- S, Klibanski A. Mechanisms of osteoporosis in adult 
2290. ception. Fertif Steril. 2001 ;75:871-877. and adolescent women with anorexia nervosa. J 

53. Takacs J, Koller D, Peacock M, et al. Sibling pair 72. Ramsdale SJ, Bassey EJ, Pye OJ. Dietary cal- C!in Endocrinol Metab. 1989;68:548-554. 
linkage and associations between bone mineral cium intake relates to bone mineral density in pre- 91. Espallargues M, Sampietro-Colom L, Estrada M, 
density and the insulin-like growth factor I gene menopausal women. Br J Nutr. 1994;71:77-84. et al. Identifying bone-mass-related risk lac-
locus. J Clin Endocrinol Metab. 1999;84:4467- 73. Teegarden 0, Lyle RM, McCabe GP, et al. Di- tors forfractureto guide bone densitometry mea-
4471. etary calcium, protein, and phosphorus are re- surements: a systematic review of the litera-

54 Truscott JG, Simpson DS, Fordham JN. A sug· lated to bone mineral density and content in lure. Osteoporos Int. 2001;12:811-822. 
gested methodology for the construction of na· young women. Am J C!in Nutr. 1998;68:749- 92 Vartej P, Poiana C, Vartej I. Effects of hyperpro-
tiona I bone densitometry reference ranges: 1372 754. lactinemia on osteoporotic fracture risk in pre· 
Caucasian women from four UK sites. Br J Ra- 74. Citron JT, Ettinger B, Genant HK. Spinal bone menopausal women. Gynecol Endocn"nol. 2001; 
diol. 1997;70:1245-1251. mineral loss in estrogen-replete, calcium- 15:43-47. 

55. Kao CH, Chen CC, Wang SJ. Normal data forlum- replete premenopausal women. Osteoporos Int. 93. Redlich K, Ziegler S, Kiener HP, et at Bone min· 
bar spine bone mineral content in healthy el- 1995;5:228-233. eral density and biochemical parameters of bone 
derly Chinese: influences of sex, age, obesity and 75. Cooper C, Atkinson EJ, Hensrud DD, et al. Di- metabolism in female patients with systemic lu-
ethnicity. Nucl Med Commun. 1994;15:916- etary protein intake and bone mass in women. pus erythematosus. Ann Rheum Dis. 2000;59· 
920. CafcifTissue Int. 1996;58:320-325. 308-310. 

56. Lehmann R, Wapniarz M, Randerath 0, et al. 76. Hyldstrup L, Andersen T, McNair P, Breum L 94. Aris R, Renner J, Winders A, et al. Increased rate 
Dual-energy X-ray absorptiometry at the I urn- Transbol I. Bone metabolism in obesity: changes of fractures and severe kyphosis: sequelae of liv-

(REPRINTED) ARCH INTERN MED/VQL 164, "MAR 22, 2004 W"WW.ARCH!NTER.!'\JMED.COM 
613 

©2004 American Medical Association. All rights reserved. 



95. 

96. 

97. 

98. 

99. 

100. 

101. 

102 

103. 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

ing into adulthood with cystic fibrosis. Ann In· 111. Korpelainen R, Orava S, Karpakka J, Siira P, rane Review on CD-ROM]. Oxford, England: 
tern Med 1998;128:186-193. Hulkko A. Risk factors for recurrent stress frac- Cochrane Library, Update Software; 2002; 
Honkanen R, Kroger H, Alhava E, Turpeinen P, tures in athletes. Am J Sports Med. 2001 ;29: issue 4. 
Tuppurainen M, Saarikoski S. Lactose intoler- 304-310. 127. Klibanski A, Biller B, Schoenfeld 0, Herzog 0, 
ance associated with fractures of weight- 112. lauderT, Dixit S, Pezzin l, Williams M, Camp- Saxe V. The effects of estrogen administration 
bearing bones in Finnish women aged 38-57 bell C, Davis G. The relation between stress frac- on trabecular bone loss in young women with 
years. Bone. 1997;21:473-477. tures and bone mineral density: evidence from anorexia nervosa. J Clin Endocrine! Metab. 1 995; 
Harlow B, Wise l, Otto M, Soares C, Cohen l. active-duty army women. Arch Phys Med Re- 80:898-904. 
Depression and its influence on reproductive en- habil. 2000;81:73-79. 128. Golden N, Lanzkowsky l, Schebendach J, Pal-
docrine and menstrual cycle markers associ- 113. Valentino R, Savastllno S, Tommaselli A, O'Amore estro C, Jacobson M, Shenker I. The effect of es-
a ted with perimenopause. Arch Gen Psychiatry. G, Oorato M, Lombardi G. The influence of in- trogen-progestin treatment on bone mineral den· 
2003;60:29-36. tense ballet training on trabecular bone mass, sity in anorexia nervosa. J Pediatr Ado/esc 
NIH!NationallibraJY of Medicine. The P.O.W.E.R. hormone status, and gonadotropin structure in Gyneco/. 2002;15:135-143. 
Study: bone loss in premenopausal women with young women. J Clin Endocrinal M!Jtab. 2001; 129. Palomba S, Orio F Jr, Morelli M, et at. Raloxi-
depression. SponsoriJd by the Nationallnsti- 86:4674-4678. fene administration in women treated with go· 
tute of Mental Health. Available at http://www 114. Warren M, Brooks-Gunn J, Hamilton l, Warren nadotropin-releasing hormone agonist for uter-
.clinicaltrials.gov. Accessed April1 0, 2003. l, Hamilton W. Scoliosis and fractures in young ine leiomyomas: effects on bone metabolism. J 
van StaaT, Leulkens G, Cooper C. The epidemiol- ballet dancers: relation to delayed menarche and Clin Endocrinol Metab. 2002;87:4476-4481. 
ogy of corticosteroid-induced osteoporosis: a meta- secondary amenorrhea. N Eng/ J Med. 1986; 130. Minsker 0, Manson J, Peter C. Effects of the bi-
analysis. Osteoporos Int. 2002;13:777-787. 314:1348-1353. sphosphonate, alendronate, on parturition in the 
Fujita K, Kasayama S, Hashimoto J, et at. In- 115. LaBan M, Wilkins J, Sackeylio A, Taylor R. Os- rat. Toxicol App/ Pharmacol. 1993;121:217-
haled corticosteroids reduce bone mineral den- teoporotic stress fractures in anorexia nervosa: 223. 
sity in early postmenopausal but not premeno- etiology, diagnosis and review offourcases. Arch 131. Pallas N, Golomb G, Yaffe P, Pinto T, Breuer E, 
pausal asthmatic women. J Bone Miner Res. Phys Med Rehabil. 1995;76:884-887. Ornoy A. Transplacental effects of bisphospho-
2001 ;16:782-787. 116. Maugars Y, Berthelot J, Lalande S, Charlier C, 

nates on fetal skeletal ossification and mineral-
Israel E, Banerjee TR, Fitzmaurice GM, KotlovlV, Prost A. Osteoporotic fractures revealing an-

ization in rats. Teratology. 1999;60:68-73. 
LaHive K. LeBoff MS. Effects of inhaled gluco~ orexia nervosa in five females. Rev Rhum Eng! 

132. Black OM, Cummings SR, Karpf DB, forthe Frac· 
corticoic!s on bone density in premenopausal Ed. 1996;63:201-206. 

lure Intervention Trial Research Group. Ran-
women. N Eng/ J Med. 2001;345:941-947. 117. Lucas A, Melton LJ Ill, Crowson C, O'Fallon WM. 

demised trial of effect of alendronate on risk of 
American College of Rheumatology. Recom- long-term fracture risk among women with an-

fracture in women with existing vertebral frac-
mendations for the prevention and treatment of orexia nervosa: a population-based cohort study. 

lures. Lancet. 1996;348:1535-1541. 
glucocorticoicHnduced osteoporosis: 2001 up~ Mayo Clin Proc. 1999;74:972-977. 

133. HarrisS, Watts N, Genant H, et al. Effects of rised-
date. Arthritis Rheum. 2001 ;44:1496-1503. 118. Cheng J, Guo X, Sher A. Persistent osteopenia 

ronate treatment on vertebral and nonvertebral 
Yood R, Harrold L, Fish l, et at. Prevention of in adolescent idiopathic scoliosis: a longitudi-

fractures in women with postmenopausal os-
glucocorticoid-induced osteoporosis: experi- nat follow-up study. Spine. 1999;24:1218-

teoporosis: a randomized controlled trial. JAM A. 1222. ence in a managed care setting. Arch Intern Med. 
119. Smith F, Latchford G, Hall R, Millner P, Dickson 1999;282:1344-1352. 

2001 ;161 :1322-1327. 
R. Indications of disordered eating behavior in 134. US Preventive Services Task Force. Screening 

Schneider D, Sarrett-Connor E, Morton D. Thy-
adolescent patients with idiopathic scoliosis. J for osteoporosis in postmenopausal women: rec-

raid hormone use and bone mineral density in 
Bone Joint Surg Br. 2002;84:392-394. ommendations and rationale. Ann Intern Med. 

elderly women: effects of estrogen. JAMA. 1994; 
120. Nussinovitch M, Finkelstein Y, Amir J, Green- 2002;137:526-528. 

271:1245-1249. 
baum E, Volovitz B. Adolescent screening for or- 135. National Osteoporosis Foundation. Physician's 

Bauer 0, BrownerWS, Cauley JA, et at. Factors thopedic problems in high school. Public Health. guide to prevention and treatment of osteopo· 
associated with appendicular bone mass in older 

2002;116:30~32. rosis. Available at http://www.nof.org. Ac· 
women. Ann Intern Med. 1993;118:657-665. 121. Soucacos P, Zacharis K, Soultanis K, Gelalis J, cessed April 10,2003. 
Caraballo P, GabrielS, Castro M, Atkinson EJ, Xenakis T, Beris A. Risk factors for idiopathic sco- 136. Brigham and Women's Hospital. Osteoporosis: 
Melton lJ IlL Changes in bone density after ex- lias is: review of a 6-year prospective study. Or- Guide to Prevention, Diagnosis, and Treatm!Jnt. 
posure to oral anticoagulants: a meta-analysis. thopedics. 2000;23:833-838. Boston, Mass: Brigham and Women's Hospital; 
Osl!Joporos Int. 1999;9:441-448. 122. Hosmer WD, Genant HK, Browner WS. Frac- 1999. 
Ward KD, Klesges RC. A meta-analysis of the ef- tures before menopause: a red flag for physi- 137. American College of Radiology. ACR Appropri" 
feels of cigarette smoking on bone mineral den- clans. Osteoporos Int. 2002;13:337-341. ate ness Criteria for Osteoporosis and Bone Min-
sity. Calcif Tissue Int. 2001 ;68:259-270. 123. Wu F, Mason B, Horne A, et al. Fractures be- era/ Density. Reston, Va: American College of Ra-
Law MR, Hacks haw AK. A meta-analysis of ciga- tween the ages of 20 and 50 years increase worn- diology; 1998 (revised 2001). 
rette smoking, bone mineral density and risk of en's risk of subsequent fractures. Arch Intern 138. American Academy of Orthopaedic Surgeons/ 
hip fracture: recognition of a major effect BMJ. M!Jd. 2002;162:33-36. American College of Obstetricians and Gyne-
1997;315:841-846. 124. Goulding A, Gold E, Walker R, lewis-Barned N. cologists/American Geriatrics Society/ 
Rapuri P, Gallagher J, Balhorn K, Ryschon K. Women with past history of bone fracture have American College of Radiology/American College 
Smoking and bone metabolism in elderly women. low spinal bone density before menopause. N 2 of Rheumatology/American Academy of Physi~ 
Bone. 2000;27:429-436. Med J. 1997;110:232-233. cal Medicine and Rehabilitation/American As so-
Brot C, Jorgensen N, Sorensen 0. The influence 125. Torgerson OJ, Campbell MK, Thomas RE, Reid cialion of Clinical Endocrinologists/National Os-
of smoking on vitamin D status and calcium me- OM. Prediction of perimenopausal fractures by teoporosis Foundation/Endocrine Society/ 
tabolism. Eur J Clin Nutr. 1999;53:920-926. bone mineral density and other risk factors. J American Society for Bone and Mineral Research. 
Cummings S, Melton LJ Ill. Epidemiology and Bone Miner Res. 1996;11:293-297. Physician's Guide to Prevention and Treatment 
outcomes of osteoporotic fractures. Lancet. 2002; 126. Hornik J, Cranney A, Shea B, et at. Bisphospho- of Osteoporosis. Belle Mead, NJ: Excerpta Medica 
359:1761-1767. nates for steroid-induced osteoporosis !Coch- Inc; 1999. 

(REPRINTED) ARCH INTERN MED/VOl.. 164, MAR 12, 2004 
614 

W"\VW.ARCHINTERNMED.COM 

©2004 American Medical Association. All rights reserved. 




