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Abstract

Background: Measurement of bone mineral density is widely used to diagnose
osteoporosis. The objectives of this study are to determine how bone densitome-
try affects subsequent treatment of osteopenia and osteoporosis with either hor-
mone replacement therapy or bisphosphonates and to examine clinical factors
associated with starting either therapy after bone densitometry.

Methods: We conducted a prospective study involving women over 50 years of
age who were referred to a tertiary care hospital for the first time to undergo
bone density measurement using dual-energy x-ray absorptiometry (DXA). Base-
line clinical data were collected through face-to-face interviews before the test.
Subsequently, the scans were reviewed and categorized as showing no bone
loss, osteopenia or osteoporosis, based on World Health Organization criteria.
Three months after DXA, subjects were contacted by telephone to determine
their understanding of the test results and any new treatments started or recom-
mended since the scan.

Results: Of 383 women recruited at the time of their DXA, 335 (87.5%) completed
the 3-month follow-up. Among those reached at follow-up, DXA results showed
no bone loss in 119 (35.5%), osteopenia in 137 (40.9%) and osteoporosis in 79
(23.6%). The proportion of subjects with osteoporosis receiving either hormone
replacement therapy or bisphosphonate therapy was 15.2% before the test, in-
creasing to 63.3% after the scan. The following factors were independently asso-
ciated with the initiation of either therapy: actual DXA result showing osteoporo-
sis (odds ratio [OR] 7.2; 95% confidence interval [CI] 1.7–30.3), compared with
a normal scan; subjects’ perception that their scan showed bone loss (osteopenia
or osteoporosis) (OR 13.5; 95% CI 4.0–45.5) or that they were unclear about the
results (OR 5.4; 95% CI 1.6–18.8), compared with the perception that the results
were normal; and discussion of the DXA results with a physician (OR 5.5; 95%
CI 1.9–16.0).

Interpretation: The proportion of women with osteoporosis receiving hormone re-
placement therapy or bisphosphonate therapy increases after diagnosis with
densitometry. However, communication by physicians so that patients under-
stand their test results is a critical component in the initiation of therapy after
bone densitometry.

Osteoporosis is estimated to develop in 1 out of 4 women over the age of 50
years.1 Measurement of bone mineral density (BMD) is widely used to di-
agnose osteoporosis.2 However, the usefulness of bone densitometry re-

lates directly to how the information obtained from the test affects management.
Earlier investigations showed that densitometry influenced patients’ and physi-

cians’ decisions about therapy for osteoporosis.3–9 However, these trials were limited
by retrospective study designs,3,7,8 they examined only the use of hormone replace-
ment therapy (HRT) and not bisphosphonates,4,5,8 and they did not analyze factors
other than BMD that may have influenced therapeutic choices.5,6,9

To address these issues, we conducted a prospective study involving women re-
ferred for the first time to undergo dual-energy x-ray absorptiometry (DXA) in or-
der to determine how the test affects subsequent treatment of osteopenia and os-
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teoporosis with either HRT or bisphosphonates and to ex-
amine clinical factors associated with starting either therapy
after the scan.

Methods

This study was approved by the Ottawa Hospital Research
Ethics Board. We identified all consecutive women over the age
of 50 years scheduled to undergo an outpatient DXA scan at the
Civic Site of The Ottawa Hospital between July 1 and Aug. 31,
1998. Only subjects for whom this was their first DXA scan were
eligible. We excluded women who were unable to communicate
in English or who did not provide informed consent.

Each woman was interviewed before their DXA scan by a re-
search assistant (M.H.) using a questionnaire. Information was ob-
tained in the following categories: demographic data (age, race and
education level); referring physician who ordered the test; medica-
tion use (estrogen, bisphosphonates [alendronate or etidronate],
calcitonin, fluoride, calcium preparations, vitamin D, prednisone
[> 6 months] and phenytoin [ever]); medical history (breast cancer,
other cancers, diabetes mellitus, arthritis, cardiovascular disease,
pulmonary problems, renal disorders, gastrointestinal illness and
thyroid conditions); and osteoporotic risk factors (age at menarche
[> 12 years], menopause before age 45 years, pregnancy history
and family history of osteoporosis). A history was elicited of falls
and hip, wrist or vertebral fractures in the year before the scan. In-
formation was also obtained about the subjects’ habits and catego-

rized as follows: smoking history greater than 20 cigarette pack-
years, consumption of more than 7 alcoholic beverages per week,
consumption of more than 20 cups of coffee per week, exercise at
least 3 times per week and estimated dietary intake of more than
5.6 g of calcium per week. Women were asked to rate their health
as excellent, good, fair or poor; results were classified into 2 groups
(excellent and good v. fair and poor). Height and weight were
measured at the time of the scan.

The nuclear medicine reports of all DXA scans were reviewed
by one of us (N.S.F.). The reports included T scores (values for
BMD given as the number of standard deviations [SDs] below the
mean for young adult women) and Z scores (the number of SDs
below the mean for women of the same age). The DXA results
were categorized on the basis of T scores using WHO criteria10–12

as follows: osteoporosis (a value for BMD more than 2.5 SDs be-
low the mean for young adult women), osteopenia (a value for
BMD between 1.0 and 2.5 SDs below the mean) or normal (a
value for BMD not more than 1.0 SD below the mean).

Subjects were contacted by telephone about 3 months after their
DXA scan by 1of 2 research assistants unfamiliar with the scan re-
sults. Subjects were asked if they had discussed the test results with
the referring physician. The subjects’ understanding of the results
was categorized as follows: normal (no bone loss), bone loss (osteo-
porosis or osteopenia) or unclear about the findings. Subjects were
asked whether there had been any changes in their medications
(specifically the initiation of HRT or bisphosphonate therapy with
either alendronate or etidronate) subsequent to the scan.

The frequencies of categorical variables and the mean age (and
SD) of subjects were determined. To determine factors associated
with the initiation of either HRT or bisphosphonate therapy (de-
pendent variable) after the DXA scan, only subjects who were not
taking either of these medications before their scan were included
in the analyses. Factors considered a priori to be possibly associ-
ated with the initiation of treatment included DXA scan result,
communication with their physician about the result, category of
referring physician (family physician v. specialist), age (dichoto-
mized by median), race (white v. other), height (< 164 cm), weight
(< 55 kg), education (> high school), self-rated health, fracture his-
tory, falls, comorbid illness, previous refusal or intolerance of es-
trogen or bisphosphonate therapy, history of breast cancer and
osteoporosis risk factors. Bivariate analyses using χ2 tests and un-
adjusted logistic regression were conducted to determine the asso-
ciation of these individual factors with the initiation of either
HRT or bisphosphonate therapy. Factors significantly associated
with the initiation of therapy in the bivariate analyses (p < 0.05)
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Table 1: Characteristics of women enrolled in study of effect
of bone densitometry results on treatment of osteoporosis

Characteristic

  No. (and %)
   of women*

  n = 335

Mean age (and SD), yr 63.0 (9.2)
White race (v. other) 325 (97.0)
High school education or greater 159 (47.5)
History of hip, wrist or vetebral fracture 42 (12.5)
Self-rated health excellent or good (v. fair or poor) 293 (87.5)
Referral for bone densitometry by family physician
  (v. specialist) 278 (83.0)

Note: SD = standard deviation.
*Unless stated otherwise.

Table 2: Use of osteoporosis medications before and after bone densitometry, by densitometry results

Bone densitometry result; no. (and %) of subjects

Normal scan
n = 119

Osteopenia
n = 137

Osteoporosis
n = 79

Medication Before scan After scan Before scan After scan Before scan After scan

Bisphosphonate
Alendronate   1   (0.8)   1   (0.8)   1   (0.7)   4   (2.9)   1   (1.3) 11 (13.9)
Etidronate   0   1   (0.8)   3   (2.2) 12   (8.8)   2   (2.5) 25 (31.6)

HRT 49 (41.2) 49 (41.2) 36 (26.3) 38 (27.7) 10 (12.7) 20 (25.3)
Bisphosphonate or HRT 49 (41.2)* 49 (41.2)* 40 (29.2) 52 (37.9)* 12 (15.2)* 50 (63.3)*

Note: HRT = hormone replacement therapy.
*Some subjects were taking both HRT and a bisphosphonate.



were entered into a stepwise logistic regression model. Odds ra-
tios and confidence intervals were derived from these analyses.

Results

Of the 383 women recruited at the time of their DXA,
335 (87.5%) completed the questionnaire at the 3-month
follow-up. The reasons for loss to follow-up included re-
fusal to answer the questionnaire (n = 6) and inability to

contact the subject (n = 42). Subjects lost to follow-up did
not differ significantly from those contaced with respect to
age, race, education level, osteoporosis risk factors and
BMD (data not shown). The characteristics of the 335
women who completed the follow-up questionnaire are
shown in Table 1.

Of the women who were reached at follow-up, 79
(23.6%) had DXA results showing osteoporosis, 137
(40.9%) osteopenia and 119 (35.5%) no bone loss
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Table 3: Factors found in bivariate analysis to be associated with starting HRT or
bisphosphonate therapy after bone densitometry among subjects not taking these
medications before the scan (n = 234)

% (and no.) of subjects
given treatment after bone scan*

Characteristic
With

characteristic
Without

characteristic
 Odds ratio

 (and 95% CI)

Bone scan result

Normal   4.3   (3/70) 31.7 (52/164)  1.0†
Osteopenia 14.4 (14/97) 29.9 (41/137)    3.8 (1.0–13.6)
Osteoporosis 56.7 (38/67) 10.2 (17/167)  29.3 (8.4–102.5)

Subjects’ understanding of bone scan result

Normal   4.9   (5/103) 38.2 (50/131)  1.0†
Bone loss (osteopenia or
  osteoporosis) 58.5 (31/53) 13.3 (24/181)  27.6 (9.6–79.0)
Unclear 24.4 (19/78) 23.1 (36/156)    6.3 (2.2–17.8)

Results discussed with physician 29.0 (51/176)   6.9   (4/58)    5.5 (1.9–16.0)
Referral by family physician (v. specialist) 23.8 (45/189) 22.2 (10/45)    1.1 (0.5–2.4)
Median age > 62 yr 25.6 (30/117) 21.4 (25/117)    1.3 (0.7–2.3)
White race (v. other) 23.5 (53/226) 25.0   (2/8)    0.9 (0.2–4.7)
Weight < 55 kg 48.5 (16/33) 18.7 (37/198)    4.2 (1.9–8.8)
Height < 164 cm 26.7 (48/180) 13.0   (7/54)    2.4 (1.0–5.8)
High school education or greater 19.4 (21/108) 27.2 (34/125)    0.6 (0.3–1.2)
Self-rated health excellent or good
  (v. fair or poor) 22.8 (46/202) 28.1   (9/32)    0.8 (0.3–1.7)
History of hip, wrist or vertebral fracture 38.9 (14/36) 20.7 (41/198)    2.4 (1.1–5.2)
Fall in year before bone scan 24.0 (23/96) 23.2 (32/138)    1.0 (0.6–1.9)
Osteoporosis in first-degree relative 15.8   (6/38) 25.0 (49/196)    0.6 (0.2–1.4)
History of breast cancer 31.8   (7/22) 22.6 (48/212)    1.6 (0.6–4.1)

> 1 comorbid illness‡ 24.0 (12/50) 23.4 (43/184)    1.0 (0.5–2.2)
Use of prednisone > 6 mo 33.3   (3/9) 23.1 (52/225)    1.7 (0.4–6.9)
Menarche after age 12 yr 24.3 (49/202) 20.0   (5/25)    1.3 (0.5–3.6)
Menopause (surgical or natural) 24.6 (51/207) 14.8   (4/27)    1.9 (0.6–5.7)
Ever pregnant 24.7 (47/190) 18.6   (8/43)    1.4 (0.6–3.2)
History of smoking > 20 cigarette pack-years 26.9 (21/78) 21.9 (34/155)    1.3 (0.7–2.5)
Consumption of > 7 alcoholic beverages
  weekly 23.3   (7/30) 23.5 (48/204)    1.0 (0.4–2.4)
Consumption of > 20 cups of coffee weekly 24.0 (29/121) 23.0 (26/113)    1.0 (0.6–1.9)
Exercise > 3 times per week 21.8 (26/119) 25.2 (29/115)    0.8 (0.4–1.5)
Consumption of > 800 mg of dairy products
  per day 18.2   (2/11) 23.8 (53/223)    0.7 (0.1–3.4)
Previous refusal or intolerance of HRT or
  bisphosphonate therapy 21.8 (24/110) 25.0 (31/124)    0.8 (0.5–1.5)

Note: CI = confidence interval.
*Denominator is number of subjects not given treatment after bone scan.
†Reference group.
‡Includes cardiovascular, arthritic, pulmonary, renal, gastrointestinal, diabetes, thyroid or malignant conditions other than breast cancer.



(Table 2). Of the women with osteopenia, 29.2% were re-
ceiving HRT or bisphosphonate therapy before the scan,
compared with 37.9% after the scan. The proportion of
subjects with osteoporosis taking either therapy was 15.2%
before and 63.3% after the scan. There was a relatively
greater increase in the use of bisphosphonates (particularly
etidronate) compared with HRT among women with os-
teoporosis and osteopenia.

Table 3 shows the bivariate analyses of factors associated
with starting HRT or bisphosphonate therapy after DXA
among the 234 subjects who were not taking these medica-
tions at baseline. The following factors were significantly
associated with initiation of therapy: actual DXA result
showing osteopenia or osteoporosis, compared with a nor-
mal scan; subjects’ perception that their scan showed bone
loss (osteopenia or osteopenia) or that they were unclear
about the results, compared with the perception that the
results were normal; discussion of the DXA results with a
physician; height less than 164 cm; and a history of wrist,
hip or vertebral fractures.

In the multivariate model the following factors remained
independently associated with initiation of therapy: actual
DXA result showing osteoporosis (odds ratio [OR] 7.2;
95% confidence interval [CI] 1.7–30.3), compared with a
normal scan; subjects’ perception that their scan showed
bone loss (osteopenia or osteoporosis) (OR 13.5; 95% CI
4.0–45.5) or that they were unclear of the results (OR 5.4;
95% CI 1.6–18.8), compared with the perception that the
results were normal; and discussion of the DXA results
with a physician (OR 5.5; 95% CI 1.9–16.0).

Fig. 1 illustrates the association between the actual DXA
results and the subjects’ perception of the results. None of
the subjects with a normal scan thought that they had os-
teopenia or osteoporosis. Only 6.4% of the women found

to have osteoporosis thought that they had normal scans.
The greatest disparity was among subjects with osteopenia,
among whom 24.2% perceived that they had some bone
loss, 25.1% were unclear about the results, and 51.0%
thought that their scan was normal.

Additional analyses revealed that, among the 67 subjects
with osteoporosis who were not taking HRT or bisphos-
phonate therapy before the scan, the proportion of subjects
initiating either therapy afterward was significantly less
among those who were either unclear about their test re-
sults or thought that the result was normal (46.0% [17/37])
than among those who understood that they had osteo-
porosis (70.0% [21/30]) (p = 0.05).

Interpretation

Our findings demonstrate that DXA scans do influence
the management of osteoporosis. Only 15.2% of the subjects
with osteoporosis were receiving HRT or bisphosphonate
therapy before the scan, compared with 63.3% after the test.
Nevertheless, one third of the subjects with osteoporosis
were not receiving either therapy at the 3-month follow-up.
Three factors were independently associated with starting
therapy: the actual bone scan result, the subjects’ under-
standing of the results and discussion of the results with their
physician. These findings underscore 2 important concepts.
First, communication between physicians and patients is crit-
ical to therapeutic decision-making. Second, it is important
that physicians not merely tell their patients results but that
they also facilitate an understanding of the results.

Our finding that a diagnosis of osteoporosis by DXA in-
creases the proportion of women receiving appropriate
treatment supports the results of previous investigations.3,7,8

Coupland and associates7 reported that the proportion of
patients with osteoporosis receiving therapy significantly
increased after diagnosis in a specialized clinic where work-
up included a DXA scan. However, it is difficult to discern
whether their findings were due to the test results specifi-
cally or to the attention received at a specialized clinic. The
majority of referrals in our study were made by family
physicians, which suggests that DXA can influence treat-
ment beyond the setting of a specialty clinic.

Our study adds to a growing body of evidence that pa-
tients’ understanding of their BMD increases their accep-
tance to initiate HRT,3–6,9 and it extends this knowledge to
bisphosphonates. Torgerson and colleagues5 randomly as-
signed women to receive either screening DXA or no
DXA. At the 2-year follow-up, more of the women who
underwent DXA than of those who did not undergo DXA
were receiving HRT. Most recently, a prospective cohort
study involving 37 postmenopausal women evaluated the
effect of an education kit supplemented by knowledge of
bone densitometry on the decision to start HRT. After the
educational component 24% of the women with low BMD
requested HRT; this proportion increased to 38% after the
women were informed of their DXA results.11
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Fig. 1: Subjects’ perception of bone densitometry results com-
pared with actual results. Actual results are categorized as no
bone loss, osteopenia or osteoporosis. In each category, bars
represent the proportion of subjects who perceived that their
scan was normal (white bars), who were unclear about the
scan result (grey bars) or who perceived that their scan
showed bone loss (osteopenia or osteoporosis) (black bars).
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Our study provides additional information regarding the
type of treatment chosen for osteoporosis after bone den-
sitometry. The majority of the women with osteoporosis
were given a bisphosphonate (in most cases etidronate)
rather than HRT. The preference for etidronate over alen-
dronate is likely attributed to the fact that only the former
is covered under the Ontario drug plan. Interestingly,
women found to have normal BMD had the highest pro-
portion of HRT use; in theory, this could represent the
protective effect of HRT on bone mass.

Our study has several limitations. The setting was a single
teaching hospital, which may not be representative of other
settings. In addition, we do not know how many of the sub-
jects requested to have a DXA scan. These women may dif-
fer from those whose referral was initiated by their physician
in their willingness to accept proposed treatment. The fol-
low-up data relied solely on the subjects’ reports; therefore,
there may have been some inaccuracies with respect to their
recall of the physicians’ recommendations. The practitioners
who ordered the test may not have been familiar with inter-
preting DXA reports or with management guidelines for os-
teoporosis.10–12 For example, we do not know whether they
used the Z score or the T score in their decision-making.
The study was conducted before the introduction of nasal
calcitonin or raloxifene in the management of osteoporosis;
therefore, we do not know the influence of DXA on these
therapies. Finally, we did not assess the impact of DXA on
nonpharmacological approaches to osteoporosis or on the
use of calcium and vitamin D supplements.

The use of bone densitometry in the diagnosis of osteo-
porosis is firmly established. The test clearly can have a posi-
tive impact on the management of people with this condition.
Physician–patient communication appears to be a critical
component in using the information provided by this test to
its full potential. Future research should focus on strategies
aimed at maximizing accurate transfer of DXA results be-
tween practitioner and patient and on educational strategies
that facilitate the patients’ understanding of the test result.
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