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BACKGROUND: Guidelines exist for treatment of low bone mineral

density (BMD). Little is known about patient characteristics associ-

ated with use of treatment.

OBJECTIVES: To determine patient-related correlates of medication

use following screening dual x-ray absorptiometry (DXA) of older

adults.

DESIGN: Secondary analysis of a prospective cohort study.

SETTING: Pittsburgh, PA and Memphis, TN.

PARTICIPANTS: Community-dwelling women between the ages 70

and 79 years enrolled in the Health, Aging, and Body Composition

(Health ABC) Study.

MEASUREMENTS: Risk factors for fracture and BMD of the hip were

assessed at baseline. Patients and their community physicians were

supplied the results of the DXA scan. Prescription and over-the-

counter medication use was collected at annual exams for 2 years.

RESULTS: Of 1,584 women enrolled in Health ABC, 378 had an indi-

cation for antifracture therapy and were not receiving such treatment at

baseline. By the second annual follow-up examination, prescription

antiresorptive medication was reported in 49 (13.0%), whereas 65

(17.2%) received calcium and/or vitamin D supplementation. In ad-

justed models, the strongest predictor for use of any antifracture med-

icine was presence of osteoporosis [vs osteopenia, odds ratio (OR), 2.9

(1.7 to 4.7)], white race [OR, 2.6 (1.5 to 4.8)], and receipt of the flu shot

[OR, 2.2 (1.3 to 3.8)]. Neither a history of falls nor prior fracture was

associated with use of antifracture medications.

CONCLUSION: Even when physicians of study participants were pro-

vided with DXA scan results, 70% of older high-functioning women with

an indication for therapy did not start or remain on an antifracture

therapy. Substantial room for improvement exists in fracture preven-

tion following a diagnosis of low BMD—especially among women with a

history of falls, prior fractures, and among black women.
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T here is a dramatic increase in the prevalence of low bone

mineral density (BMD) and fracture with age, such that

over 50% of white women older than 80 years have os-

teoporosis1 and have a 10-year hip fracture rate of nearly

16%.2 There is strong evidence that antiresorptive drug ther-

apy increases BMD and reduces the risk of fractures.3–6 The

availability of effective interventions to prevent fracture has

resulted in recommendations for osteoporosis screening and

treatment by various professional societies and government

institutions for over a decade.7–11

Despite the evidence and recommendations, prevention

and treatment of osteoporosis remains low. Following acute

fragility fracture, there is a low rate of intervention to diag-

nose12,13 and treat14 underlying osteoporosis. Additionally,

once treatment of osteoporosis has been initiated, there is a

high rate of discontinuation of therapy.15 The characteristics

of women for whom osteoporosis therapy is recommended by a

physician, or who self-select to use medication, have not been

well studied. We used the Health, Aging and Body Composition

(Health ABC) study to investigate the use of antifracture med-

ications in a group of women for whom the National Os-

teoporosis Foundation (NOF) would recommend therapy.11

We hypothesized that demographic factors, measures of co-

morbidity (higher number of medications, presence of demen-

tia, and a higher number of medical conditions known to be

linked to mortality), measures of mobility (inability to rise from

a chair and low walking speed), not receiving preventive care

(flu shot or mammogram), and low self-efficacy would be as-

sociated with lower use of antifracture medication. Because

guidelines and therapeutic trials for osteoporosis have ad-

dressed mainly white women, we assessed whether race had

an impact on medication use.

METHODS

Participants

Health ABC is a longitudinal cohort study of 3,075 high-

functioning older (ages 70 to 79 years) men and women from

Memphis, TN and Pittsburgh, PA. The primary aim of

Health ABC was to investigate the relationship between

changes in body composition and functional decline.16

The current study is an analysis of data from the baseline

exam in 1997 through the second annual follow-up exam com-

pleted in 2000.

All Health ABC participants underwent a dual x-ray ab-

sorptiometry (DXA) examination at the baseline exam, the re-

sults of which were given to participants and their physicians
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(96% of participants designated a physician recipient of study

findings). The DXA report included the BMD at the total hip

and femoral neck, as well as the corresponding T- and Z-

scores. The printout included general recommendations to im-

prove BMD (i.e., stop smoking, ensure adequate calcium and

vitamin D intake). Per study protocol, participants with os-

teoporosis at the total hip (T-score of � �2.5, corresponding

to BMD �0.637 or �0.641g/cm2 among white and black

female participants, respectively) received an additional ‘‘alert

letter,’’ which reviewed the consequences of osteoporosis and

risk factors for low BMD. The alert letter recommended that

participants discuss the findings with their physician. All

procedures were conducted in accordance with the ethical

standards of the Institutional Review Boards of the parti-

cipating institutions, which approved the protocol and the

consent forms.

For this analysis, we included women who were not using

drugs to treat osteoporosis and were candidates for os-

teoporosis drug therapy according to guidelines established

by the NOF in 1998. The NOF is a major national volunteer

health organization dedicated to bone health that was estab-

lished in 1984, and in 1998 published national guidelines for

screening and treatment for osteoporosis. The NOF recom-

mends ‘‘drug treatment of osteoporosis,’’ including counseling

regarding exercise and calcium and vitamin D intake, as part

of the treatment program for women with the following: a prior

hip or vertebral fracture, a BMD T-score below �2 by central

DXA, or a T-score below �1.5 by central DXA with at least 1

risk factor (prior fracture as an adult, history of fracture in a

first-degree relative, smoking, and body weight under 127 lbs

are the major risk factors considered by the NOF).11 In our co-

hort, we collected data regarding all these risk factors except

for family history.

Of 1,584 women enrolled in Health ABC, 1,572 (99.2%)

had a technically valid DXA of the hip at the baseline exam. We

excluded women using oral steroids (n=15) and those with no

follow-up medication data in the following 2 years (n=41),

leaving 1,516 women. This high follow-up rate over 2 years

was secondary to the use of retention tools, including

$20 honoraria for attending visits, transportation to and from

the clinic site, and annual participant appreciation events.

Additionally, if a participant could not attend the study visit,

a home visit was conducted. The Core Home Visit included

the interview, medication inventory, and a subset of measure-

ments.

Among the 1,516 women with follow-up, we excluded 774

(51.1%) because they did not have an NOF indication for ther-

apy, and 364 (24.0%) because they were already using anti-

fracture therapy, including calcium and/or vitamin D. Thus

our study included 378 high-functioning older women with 1

or more NOF criteria for osteoporosis treatment who were not

using these agents at the baseline Health ABC examination

(Fig. 1).

Measurements

Bone mineral density was measured using a Hologic QDR

Model 4500 fan-beam densitometer (Waltham, MA), using

software version 8.21 for the fan beam. The DXA Quality

Assurance Manual for the Health ABC Study was used to

standardize patient positioning and scan analysis. National

Health and Nutrition Examination Survey adjusted T scores

were derived for the hip.

To identify prescription, nonprescription, and herbal

therapy use, Health ABC participants were instructed to bring

in bottles containing all prescription and over-the-counter

medications (including vitamins and supplements) used in

the 2 weeks before the visit. Trained research assistants tran-

scribed medication and supplement information from the bot-

tles. Medications were coded using the Iowa Drug Information

System (IDIS) ingredient codes.17

We defined antifracture therapy as supplemental calcium

and/or vitamin D or a prescription antiresorptive agent (oral

bisphosphonate, calcitonin, oral or transdermal estrogen, or

raloxifene). Initiation was defined as the new use of one or

more of these by the third annual Health ABC exam.

Analysis

SAS statistical analysis software for Windows (version 9.1)

was used for all analyses (SAS Institute, Inc., Cary, NC).

Student’s t test and Fisher’s exact w2 statistics were used for

univariate analysis. All probability values were 2-sided.

Logistic regression was used for multivariable adjustment.

Covariates included race, income, prescription drug insur-

ance, number of medications above/below the median, pres-

ence of osteoporosis at a hip site, educational attainment, self-

reported history of falls, difficulty standing without the use of

arms, use of preventive interventions (flu shot, mammo-

graphy), gait speed, diminished cognitive function (a score un-

der 80 on the Teng Mini Mental Status Exam [3MS],18 and the

1,516 women with DXA 
and follow-up

742 with NOF indication

378 on no AFT

2-year follow-up

No AFT
N=264 (70%)

Indicated AFT
N=114 (30%)

-774 without NOF risk

-226 receiving
 prescription AFT
-138 on calcium/vitamin D

FIGURE 1. Women included in the current secondary analysis of

the Health, Aging and Body Composition cohort. Of 378 women

with an National Osteoporosis Foundation indication for antifrac-

ture therapy and not on therapy at baseline, only 30% initiated

some form of treatment by 2 years. AFT, antifracture therapy; DXA,

dual x-ray absorptiometry.
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Charlson comorbidity index.19 To assess self-efficacy/person-

al mastery, participants were asked how strongly they agreed

with the statements: ‘‘I can do anything I set my mind to’’ and

‘‘I often feel helpless.’’ The participants who agreed strongly

with the statement ‘‘I often feel helpless’’ or disagreed strongly

with the statement ‘‘I can do anything I set my mind to’’ were

classified as having low self-efficacy.

RESULTS

Baseline Characteristics

The 378 women in this analysis had the following indications

for antifracture therapy: 297 (78.6%) had a T-score less than

�2 at either site, 74 (19.6%) had a T-score less than �1.5 and

at least 1 clinical risk factor, and 7 (1.9%) were included be-

cause of a self-reported prior fracture of the hip or vertebrae.

Risk factors for fracture (participants could have more than 1)

were a fracture after the age of 45 years (161 participants),

weight less than 127 lbs (123 participants), and current

smoking (67 participants). Table 1 shows other characteris-

tics of the 378 women.

There were 9 (2.3%) additional women that met inclusion

criteria but had no follow-up at the second and third exam.

Baseline characteristics of women without follow-up were not

different for all variables investigated.

Use of Antifracture Therapy

By 2 years of follow-up, 114 (30.2%) of the 378 participants

reported use of an antifracture therapy. Only 49 (13.0% of the

group) started a prescription antiresorptive agent. This num-

ber was only slightly higher in the subgroup of women with

osteoporosis; only 42.3% reported use of any antifracture med-

icine, which was prescription therapy in only 16.9%.

The prescription therapies were oral or percutaneous

estrogen (34.5% of new prescriptions), bisphosphonates

(33.3%), calcitonin (13.4%), or raloxifene (8.8%). The remain-

der of those on antifracture therapy started only calcium and

vitamin D.

Multivariable Correlates of New Use of Antifracture Therapy. The

mean age of participants was 73.9 � 2.8. Neither older age, a

higher number of medications, difficulty standing up from a

chair, slow walking speed, the presence of dementia nor a high-

er number of comorbid conditions was associated with lower

antifracture medicine use (Table 2). Notably, neither a history of

falls or of prior fracture increased the receipt of antifracture

therapy. The multivariable-adjusted predictors of initiating any

fracture-reduction therapy were T score � �2.5 (odds ratio

[OR] 2.9 [1.7 to 4.7]) at any hip site, white race, with an OR of

2.6 (1.5 to 4.8), and receipt of the flu shot in the past 12 months

(OR 2.2 [1.3 to 3.8]).

Racial Differences in Initiation of Therapy. Whereas 43.9% of

white women with a NOF indication for therapy initiated cal-

cium and/or vitamin D or a prescription antiresorptive ther-

apy, only 17.7% of black women did (Po.001 on multivariable

analysis). NOF criteria were: a T score � �2 (150 white, 147

black); or a T score o�1.5 with a risk factor (30 white, 44

black). The 7 remaining women had a previous spine or hip

fracture. Osteoporosis at the total hip or femoral neck was

seen in 76 white (42.2% of white women) and 66 black (33.3%)

women. While 57.9% of osteoporotic white women reported

new use of antifracture therapy, new use was reported by only

24.2% of osteoporotic black women (P=.002 on multivariable

analysis). This was prescription medicine in only 16 of 76

white women compared with only 8 of 66 black women,

P=.36. In the presence of prior fracture, only 11 of 79 black

women reported antifracture therapy use by year 2, compared

with 41 of 82 white women (P=.02 on multivariable analysis).

DISCUSSION

We found that use of medications to prevent fracture was low

among women with low BMD and clinical risk factors for frac-

ture, despite educational efforts on the part of the Health ABC

Study. Several attributes related to physicans’ and patients’

view of treatment of low BMD, especially without frank os-

teoporosis, may explain our findings and give insight into why

there are low levels of NOF guideline adherence.

First, it is plausible that some providers are not skilled at

DXA interpretation. Use of DXA scan as a screening tool for

osteoporosis did not become commonplace until the mid-

1990s.10,20 Guidelines for treatment of people with low BMD

did not diffuse from specialty literature to the literature of gen-

eral medicine and family practice until 1999.21 Health ABC

provided general education information for patients and phy-

sicians, as well as an alert letter for osteoporosis, but specific

treatments and therapeutic guidelines were not included. Con-

versely, Stock and colleagues found that DXA reports that in-

cluded recommendations for specific therapies sent to primary

care doctors resulted in greater antifracture medication initi-

ation. Similarly, interventions that focused on patient-specific

physician reminders or patient education at the time of DXA

scanning improved osteoporosis screening and therapy.22–25

Second, our data provide evidence that there may be

failure to integrate important risk factors, such as a history

of falls, along with information provided in a DXA scan in the

overall prevention of fractures in older adults. In addition,

physicians may be uncertain regarding the strength of data

behind guideline recommendations for women with risk fac-

tors and a T score above �2.5.26,27 We show lower use of an-

Table 1. Characteristics of 378 Women Included in the Analysis

Variable N (%)

Race
White
Black

180 (48)
198 (52)

Age, y 73.9 � 2.8
Income o25,000 273 (72)
Drug coverage 220 (58)
Education � HS 275 (73)
Osteoporosis (T-score � �2.5) 142 (38)
T-score � �2 297 (79)
Charlson score � 2 80 (21)
Walk speed o1 m/min 121 (32)
Difficulty rising 44 (12)
Previous fracture 161 (43)
Fall/12 mo 94 (25)
Dementia (3MSo80) 48 (13)
Medication number, median (interquartile range) 4 (2 to 6)
Low efficacy 17 (4.5)
Flu shot/12 mo 218 (58)
Mammogram ever 333 (88)

HS, high school, 3MS, Modified Mini-Mental State.
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tifracture medications than other studies that have examined

use after fracture13,14,28–31 or after DXA in women with os-

teoporosis,32–35 even when we include calcium and vitamin D

as a therapy. This may be because we examine use consistent

with NOF guidelines, in which recommendation for therapy

extends to some women with osteopenia. The only randomized,

controlled trial showing reduction in nonvertebral fracture in

women not chosen for osteoporosis is the Women’s Health In-

itiative. Hormone replacement therapy decreased clinical

fracture risk, without significant interaction between lower

versus higher BMD cutpoints in the subgroup of women for

whom BMD was measured.36 Although randomized controlled

studies that support treating osteopenic women to prevent

nonvertebral fracture are otherwise absent, NOF guideline rec-

ommendations for osteopenic women are consistent with the

following: fracture risk is associated with BMD in a linear, not

a threshold manner;37 clinical risk factors contribute to frac-

ture risk, independent of BMD,38 and, because there is a

higher prevalence of osteopenia in the population, the major-

ity of fractures will occur in women with osteopenia, not os-

teoporosis.39 Recently, NOF guidelines have been validated for

long-term clinical fracture prediction.40 Yet recommendations

for a T score intervention threshold and treating osteopenic

women are not without controversy. Other countries set dif-

ferent T score thresholds for therapy, which are generally more

conservative than those of the United States. In support of a

more conservative threshold, a recent assessment of bisphos-

phonate therapy in women with osteopenia demonstrated a

high cost per quality-adjusted life year gained. However, the

cost-effectiveness of bisphosponates in osteopenic women

with clinical risks was more acceptable.41 Conversely, current

debate focuses on absolute fracture risk and not a BMD cut-

point for therapy recommendations.42 This focus on clinical

risk factors may lead to more osteopenic women being recom-

mended for treatment in the future.

We found that use of antifracture therapy was especially

low among African-American women. Data on the relationship

between low BMD and fracture,43–45 treatment, and fracture

prevention4,46,47 are largely based on white women. The NOF

addresses interventions in postmenopausal white women

only. The absence of data may account for the racial differenc-

es in medication use. Only this year has BMD been validated

for fracture prediction in black women, in whom the strength of

association between BMD and fracture is less than in white

women after adjusting for other fracture risk factors.48 How-

ever, even among Medicare recipients with a typical osteoporo-

tic fracture, there are racial differences in subsequent

medication use.49 We show lower use of antifracture medicines

in black women with osteopenia and clinical risks, in those

with osteoporosis, and in women with a postmenopausal frac-

ture. Enhancing overall treatment for low BMD and reducing

racial disparities in treatment will require a multifactorial ap-

proach. This may include better evidence supporting treating

African Americans, evidence-based guidelines of treatment of

osteopenia in women of all races, and patient-specific and pro-

vider-specific interventions to translate these guidelines into

appropriate prescribing of antifracture medications.

Low persistence with antifracture treatment may partially

explain our findings. Once treatment of osteoporosis has been

initiated, there is a high rate of discontinuation of therapy by

the patient.15,50 Adherence to and persistence with bisphos-

phonates is linked to patient characteristics, like patient belief

that BMD study shows osteoporosis,51 younger age, fewer

other medications, fewer comorbidities, and prior fracture.15

To our knowledge, there are no publications examining factors

associated with adherence and persistence with calcium and

vitamin D in people with low BMD. We show that use of cal-

cium and vitamin D were low, even though these agents are

available without prescription and generally well tolerated.

Our findings must be interpreted in light of several limi-

tations. Our data collection for new use of medications is ap-

plicable only through 2000. We do not have data on how many

primary care physicians received the DXA reports, nor number

of visits with a primary care physician in the 2 years subse-

Table 2. New Use of Antifracture Medications in 378 Older Female Health ABC Participants With a National Osteoporosis Foundation
Indication for These Agents�

Demographics and Socioeconomic Status OR, Univariate P Values, Univariate OR, Multivariablew P Values, Multivariable

White race 3.6 (2.3 to 5.8) o.001 2.6 (1.5 to 4.8)z o.001
Age, per y over 70 – – 0.9 (0.9 to 1.0) .21
Income 425K 2.0 (1.2 to 3.2) .006 1.0 (0.6 to 1.8) .98
Drug coverage 1.8 (1.1 to 2.8) .02 1.6 (0.9 to 2.6) .08
Education � HS 2.3 (1.3 to 4.1) .002 1.2 (0.6 to 2.4) .55
Health status and comorbid conditions

Osteoporosis 2.5 (1.6 to 3.9) o.001 2.9 (1.7 to 4.7)z o.001
Charlson score �2 0.7 (0.4 to 1.3) .28 1.0 (0.5 to 1.9) .93
Slow walking 0.7 (0.5 to 1.2) .23 1.0 (0.5 to 1.7) .91
Difficulty rising 0.8 (0.4 to 1.5) .49 0.7 (0.3 to 1.5) .28
Previous fracture 1.2 (0.8 to 1.9) .65 1.3 (0.8 to 2.1) .40
Fall/12 mo 1.1 (0.6 to 1.7) .90 1.1 (0.6 to 1.9) .82
3MS score o80 0.3 (0.1 to 0.7) .004 0.5 (0.2 to 1.5) .24
Medications 4median 1.3 (0.8 to 2.0) .25 1.4 (0.9 to 2.4) .17

Self-efficacy and health behaviors
Low self-efficacy 1.0 (0.3 to 2.8) 1.0 0.70 (0.2 to 2.3) .55
Received flu shot 2.4 (1.5 to 3.9) o.001 2.2 (1.3 to 3.8)z .004
Received mammogram 0.9 (0.4 to 1.6) .61 0.8 (0.4 to 1.7) .52

�Mean and standard deviation (SD) for all continuous variables. Odds ratios (OR) are presented with 95% confidence intervals.
wFor multivariable analysis, OR after adjustment for all other factors. The c-statistic for the model was 0.75.
zPo.05.

Health ABC, Health, Aging, and Body Composition; HS, high school, 3MS, Modified Mini-Mental State.
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quent to DXA testing. We do not have data on physician char-

acteristics. This, however, has been studied, and the only phy-

sician factor associated with better osteoporosis guideline

adherence was female gender.52 Finally, we do not know pa-

tients’ attitudes toward osteoporosis, fracture risk, or medica-

tion use, all of which may influence adherence to antifracture

medicine. Racial differences in knowledge of and concern re-

garding osteoporosis as a personal health risk have been

shown in previous work,53–55 which may also explain the

racial differences in antifracture medicine use in our study.

In conclusion, we found that treatment of healthy older

women at risk for fracture was unacceptably low. This was

true despite their having guideline-based indications for treat-

ment, and despite the feedback of a DXA report and general

education about low BMD to patients and their physicians.

Interventions that provide patient-specific information, target-

ing both patients and providers, should be developed, tested

and implemented to improve treatment to reduce the risk of

fracture among appropriate treatment candidates. Finally,

prospective evaluation of osteoporosis guidelines would be im-

portant in demonstrating the utility of these recommendations

for older women with osteopenia.
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