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Background: Primary care physicians often fail to diagnose low bone density. This pilot study assessed
2 interventions for their effect on bone mineral density testing.
Methods: Five practices in the Iowa Research Network were randomized: 2 to chart reminder alone
(CR), 2 to chart reminder plus mailed patient education (CRⴙPtEd), and one to usual care. A total of
204 women aged 65 years or older were recruited from within these practices. Bayesian hierarchical
analyses were used instead of traditional statistical methods to take advantage of collateral data and to
adjust for differences between clinics at baseline.
Results: After the intervention, the rates of completed bone mineral density testing were 45.2% in
the CRⴙPtEd group, 31.4% in the chart remainder only group, and 9.7% in the usual care practice.
Bayesian analysis adjusted for patient and clinic characteristics, which made use of collateral data, gave
an odds ratio of 5.47 for the effect of CRⴙPtEd group. The Bayesian P was .029 and the one-sided 95%
credible interval for the odds ratio was greater than 1.2. The effect of CRⴙPtEd was confirmed by sensitivity analyses. Traditional hierarchical analysis adjusted for practice characteristics could not be used
to estimate statistical significance because there were not enough clinics to accommodate a model that
included all the important covariables.
Conclusions: Specific chart reminders to physicians combined with mailed patient education substantially increased the levels of bone density testing and could potentially be used to improve osteoporosis screening in primary care. Bayesian hierarchical analysis makes it possible to assess practice-level
interventions when few practices are randomized. (J Am Board Fam Med 2009;22:360 –7.)

Low bone density or osteoporosis is common and
affects nearly half of postmenopausal women attending primary care practices who have had no
previous diagnosis of osteoporosis.1 These conditions lead to substantial morbidity and mortality,
including fractures, disability, and death.2 Bone
mineral density (BMD) screening is the only way to
reliably assesses low bone density.3–5 The National
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Osteoporosis Foundation guidelines,6 which are
endorsed by 9 specialty societies and the US Preventive Services Task Force, recommend BMD
testing for all women aged 65 and older. However,
nearly one-half to two-thirds of women attending
primary care practices have not received BMD testing,1,7,8 although rates are improving.9 It is estimated that Medicare could save millions of dollars
with increased BMD testing.10
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Interventions to Improving Osteoporosis Screening:
An Iowa Research Network (IRENE) Study

Methods
In the spring of 2001, physicians from Iowa family
physician practices who had expressed an interest in
being a part of the Iowa Research Network
(IRENE) were telephoned to ascertain their potential interest in participating in a “women’s health
study.” The IRENE is a primary care research
network consisting of approximately 277 primary
care clinicians in 150 practices throughout the state
of Iowa. IRENE’s mission is to create new knowledge with relevance to rural primary care clinicians
and their patients, with the outcome of improving
the care of patients. The physicians were told that
the study would be explained during a seminar
presented at their ofﬁce. Based on the available
budget, it was only possible to recruit 6 of the
practices that had expressed an interest in the study
and were sufﬁciently close to Iowa City for the
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research team to travel to the ofﬁces to abstract
medical records.
A study orientation seminar was arranged at a
time convenient to the practice. During the spring
and early summer of 2001, the primary investigator
(PI) (B.T.L.) or the lead research assistant (S.S.)
visited each practice. A 30-minute presentation was
made covering postmenopausal health issues and
medications. General plans for the research project
were discussed, including the idea that practices
would be randomized to an intervention or usual
care group for an “important women’s health issue.” Physicians were not told what this health issue
was. Practices were also advised to designate member of the staff to identify and mail a preprepared
packet containing information about the study to
the practice’s female patients aged 65 years and
older who were scheduled for an annual examination visit.
Physicians provided their informed consent to
participate. Practices were not provided with any
compensation for participation, but printing, stationery, and mailing costs were covered by the
project.
Interventions
At the time when practices were randomized, one
practice decided there were insufﬁcient personnel
available to place the chart reminder on the chart.
Therefore, this practice was eliminated from the
randomization process. Using a random number
generator, the remaining 5 practices were randomized to one of 3 groups: 2 practices to physician
chart reminder alone, 2 practices to physician chart
reminder plus patient education, and 1 practice to
usual care.
The chart reminder was a sticky note following
National Osteoporosis Foundation guidelines that
practices could place on the charts wherever they
thought it would be most effective (Figure 1). To
simplify operations, ofﬁce personnel were to place
these reminders on the charts of all women aged 65
years and older who were scheduled to come in for
annual exams, not just those women in the study.
Most practices chose to place the reminder on the
left side of the record near the lists of medical
problem(s), medications, immunizations, and other
preventive health screenings. None of the practices
used electronic medical records.
Mailed patient education packets included the
2-sided card from the National Osteoporosis Foun-
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There have been relatively few randomized
studies testing strategies to improve BMD testing
in primary care, and these studies have had mixed
results.11–14 The present study tested 2 reminder
interventions delivered within 5 private family
medicine ofﬁce practices. The ﬁrst was a chart
reminder to perform BMD testing on all women
older than 65 years. This method was chosen because there is good evidence that physician reminders generally result in more patients receiving preventive services.15,16 The other approach was to
combine the chart reminder with information
mailed directly to patients about the recommendation that all women aged 65 and older receive
osteoporosis screening. Providing patients with information has been suggested as an approach to
“activate the patient”17,18 and was also found to be
effective by Stone et al’s15 meta-analysis, with adjusted odds ratios of 1.29 to 1.53 for interventions
targeting immunizations and other screening services. It is similar to the highly successful directto-consumer approach currently used by the pharmaceutical industry for drug advertising.19,20
We conducted this pilot study to test whether a
chart reminder with or without a patient education
intervention could improve rates of BMD testing
among women 65 years of age and older attending
community family medicine practices. Results were
analyzed and compared using conventional regression analyses, hierarchical methods, and Bayesian
methods.

Figure 1. Osteoporosis screening chart reminder.

dation titled “Osteoporosis: Can It Happen to
You?” with basic information about osteoporosis
and a list of questions ascertaining risk factors.
Attached to the card was a brief information sheet
from the PI that explained the preventable and
treatable nature of osteoporosis, that the National
Osteoporosis Foundation recommends BMD testing for all women 65 years of age and older, that
testing is covered by Medicare, and that requested
that women talk with their family physician about
having a test. The mailings were accompanied by a
cover letter signed by the physicians in the practice.
Patients
Female patients aged 65 years and older scheduled
for upcoming annual examination visits were identiﬁed by an ofﬁce coordinator. They were mailed
packets containing a cover letter describing the
study; the informed consent document; and a
6-page survey that asked about demographics,
health habits, reproductive history, medication use,
medical history, and previous health screening. Patients were not provided with any compensation,
and only one recruitment mailing was done. All
participating patients gave their informed consent.
The study and methods were approved by the University of Iowa Institutional Review Board.
Patient Follow-up Survey
Two to 3 weeks after the annual examination visit,
a 2-page follow-up survey was sent to women asking about their perceived health, whether they
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Chart Reviews
Structured chart reviews of consenting patients
were conducted at each practice by a study team
consisting of the PI and several research assistants
trained by the PI in medical record review. The
median time between the intervention and the
chart review was 6.7 months because the practices
were located across the state of Iowa. Information
collected included birth date; date of the index visit
(the annual examination visit); number of annual
examination visits to the practice during the preceding 26 months; height; weight; current use of
estrogen, osteoporosis medications, and calcium;
speciﬁc medical conditions; and dates and results of
all bone density tests. The chart review form was
reviewed for completeness by a second reviewer.
Mailings were conducted from 2001 to 2002 and
chart reviews were conducted from 2001 to 2003.
Analytic Methods
The primary assessment of the association between
intervention and BMD testing was done with a
Bayesian hierarchical analysis. The main outcome
was the binary variable, BMD testing (yes or no) in
the interval between the annual examination visit
and the time of the chart review. The analysis was
performed both with and without adjusting for patient-level and practice-level covariates to assess
whether confounding could substantially inﬂuence
the results. The covariates considered for inclusion
in the analysis were patient-level variables from
chart reviews and follow-up surveys, including previous BMD testing for each patient and the BMD
testing rate for the practice during the 14 months
before intervention. The covariates tested in the
ﬁnal model were those that were signiﬁcant in a
stepwise logistic regression analysis at the P ⬍ .10
level.
Results from the Bayesian hierarchical analysis
were compared with usual hierarchical methods
and logistic regression analysis. The usual hierarchical methods also allow researchers to control for
patient-level and practice-level characteristics. Logistic regression analysis was done at the patient
level; the binary variable BMD testing was the
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brought up any concerns about speciﬁc health issues with their physician, and whether their physician discussed the value of a BMD test. Information
from the surveys and chart reviews was veriﬁed and
double-entered into a database.

Patient Characteristics
Age (years)
Educational level college or higher (%)
Sum of medical conditions (mean)
BMD during past 14 months (%)
Annual exams within 26 months (mean)

Chart Reminder
(n ⫽ 102)

Patient Education ⫹ Chart Reminder
(n ⫽ 62)

Usual Care
(n ⫽ 31)

P

73.6
33.3
4.0
22.6
2.2

73.6
48.4
4.3
22.6
2.0

74.1
24.2
4.4
9.7
1.7

.964
.038
.422
.265
.004

BMD, bone mineral density.

outcome and intervention and covariables were
used as independent variables. The assumption in
logistic regression analysis is that practices would
have similar underlying rates of BMD testing if
they had similar previous rates and similar patients.
Bayesian Analysis
In contrast to the frequentist approach, the Bayesian approach estimates the probability that the
treatment effect is within a given range. From the
Bayesian analysis we obtained the probability that
the intervention did not increase the rates of BMD
testing. This probability is similar to how one-sided
P is often interpreted. Bayesian analysis can take
advantage of collateral information obtained outside of the study to estimate the intrinsic variation
among the practices in the rates of osteoporosis
screening. The intrinsic variation depends only on
the unmeasured patient or practice characteristics.
It does not depend on within-clinic random variation, on variation caused by measured practice or
patient characteristics, or on the intervention.
There were 2 types of collateral information about
this variation: (1) the 14-month rates of BMD
screening in 15 practices not included in the
present study,21 and (2) clinical judgment. Our
clinical judgment was that the 95% conﬁdence interval for the intrinsic practice rates was no wider
than from 8% to 40%, which translated into a
standard deviation for clinic rates of testing (e) of
0.5. A sensitivity analysis was performed to test how
the Bayesian results depended on clinical judgment.
We compared results of logistic regression, frequentist hierarchical analysis (SAS GLIMIX version 9.1, SAS Institute, Inc., Cary, NC), and Bayesian hierarchical analysis with and without collateral
data (WinBUGS version 1.4, Cambridge, United
Kingdom). The Bayesian analyses assumed vague,
independent priors on all parameters.
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Results
We received 204 baseline patient surveys out of the
578 distributed (35% response rate), 195 medical
records reviewed, and 193 follow-up surveys received (95%). The patient consent rate varied from
27% to 47% by practice, with no difference in the
overall response rates in the intervention versus
usual care practices. The average age of the women
was 74.0 years, body mass index was 27.3 kg/m2,
and their estimated total daily calcium intake from
dairy and supplements was 1508 g; 62.8% of the
women were married, 61.3% had a total family
income less than $35,000, 63.4% had high school
education or less, 49.0% took aspirin, and 69.1%
stated they had previously had a BMD test.
Table 1 shows summarized information from
the medical record reviews. There were no differences in mean age, mean number of medical conditions, or past rates of BMD testing among
women in the 3 groups. The usual care group had
signiﬁcantly lower educational status and mean
number of past annual examination visits during
the 26 months before chart review.
For both intervention groups, the rate of BMD
testing after the interventions was higher than the
rate during the 14 months preceding the intervention: 31.4% versus 22.6% for the chart reminder
(CR) alone (P ⫽ .2164 using the McNemar 2 test),
and 45.2% versus 22.6% for the CR⫹PtEd group
(P ⫽ .0133 using the McNemar 2 test). The rate of
testing remained constant in the usual care group:
9.7% for both intervals.
On the follow-up survey there was signiﬁcant
variation in the percentage of women who asked
their physician about a BMD test (32.4% of the CR
group, 39.3% of the CR⫹PtEd group, and 13.3%
of the usual care group; P ⬍ .05) and who discussed
BMD tests with their physician (45.1% of the CR
group, 59.0% of the CR⫹PtEd group, and 16.7%
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Table 1. Patient Characteristics in the Three Osteoporosis Screening Study Groups

Conventional Analyses
Effects

Regular menstruation
Total medications
Osteoporosis history
Had BMD during past 14 months
Average BMD rate within each clinic
Chart reminder
Chart reminder ⫹ patient education

Logistic
OR
0.44
0.78
2.56
0.19
1.06
2.27
4.99

P*
.027
.004
.007
.001
.059
.163
.032

Hierarchical Bayesian Analyses

Hierarchical
OR
0.44
0.78
2.56
0.19
1.06
2.27
4.99

P*
.028
.004
.008
.001
NA
NA
NA

Without
Collateral Data
OR
0.42
0.76
2.69
0.17
1.07
2.58
5.94

P†
.026
.002
.005
⬍.001
.101
.172
.060

With Collateral
Data
OR

P†

0.43
0.77
2.68
0.17
1.07
2.37
5.47

.030
.002
.006
⬍.001
.052
.156
.029

*Nominal one-sided P based on the t-distribution.
†
Bayesian analog of one-sided P: the probability that the intervention did not increase BMD testing.
BMD, bone mineral density; OR, odds ratio.

of the usual care group; P ⬍ .001). Discussion of
issues not targeted by the intervention, such as
heart disease, cancer, stroke and depression, did not
signiﬁcantly differ by group.
Table 2 shows the results of testing intervention effectiveness using each of 4 analytic approaches after taking into account patient- and
practice-level covariables. These characteristics
include regularity of menses before menopause,
total medications, self-reported history of osteoporosis, and prior BMD testing. Odds ratios
(ORs) for CR and CR⫹PtEd groups were similar
for all 4 analyses. The estimated ORs for CR
(OR, 2.27) and CR⫹PtEd (OR, 4.99) were identical for the logistic regression and frequentist
hierarchical analysis with covariables. P values
could not be computed with the frequentist hierarchical analyses because there were not
enough clinics to accommodate a model that included all the important covariables. The hierarchical Bayesian analysis with collateral data
showed that the estimated OR was 2.37 (P ⫽
.156) for the CR group and 5.47 (P ⫽ .029;
one-sided 95% credible interval for the odds
ratio was greater than 1.2) for the CR⫹PtEd
group. When collateral data were not used in the
hierarchical Bayesian analysis there was less certainty in the estimates of the variation in the
clinic effects and, consequently, less statistical
signiﬁcance for the intervention effects.
The Bayesian analysis was rerun assuming the
variation in practice effects, e2, was known (Table 3).
The Bayesian equivalent to P, assuming e was
known, depended on the exact value for e. The
364 JABFM July–August 2009
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clinical assumptions made about the intrinsic variation of the practice effects was equivalent to a
maximum value of e ⫽ 0.5. P equivalents for the
effect of CR⫹PtEd were .033 if e ⫽ 0.1, .038 if
e ⫽ 0.3, and .076 if e ⫽ 0.5.

Discussion
We tested whether a physician CR alone or a combined intervention of a CR plus mailed patient
education materials increased the likelihood that
women would have a BMD test. Screening rates
after the intervention were 9.7% in the usual care
group, 31.4% in the CR group, and 45.2% in the
combined CR⫹PtEd group. We found that the
combined intervention of CR⫹PtEd encouraging
BMD testing signiﬁcantly increased the rates of
BMD testing compared with usual care (OR, 5.47;
Bayesian equivalent of one-side P ⫽ .029), but we

Table 3. Sensitivity Analyses to Between-Clinic
Standard Deviation, e
e
0.1
0.3
0.5

Effect
Chart
Chart
Chart
Chart
Chart
Chart

reminder
reminder ⫹ Education
reminder
reminder ⫹ Education
reminder
reminder ⫹ Education

Median
Odds
Ratio

P*

2.71
6.17
2.58
5.89
2.45
5.59

.131
.033
.169
.038
.229
.076

*Bayesian analog of one-sided P: the probability that the intervention did not increase rates of bone mineral density testing.
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Table 2. Osteoporosis Screening Intervention Effectiveness According to Four Types of Analyses
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was available at the time the patient was seen by the
physician. Our chart reminder was especially simple to implement, ie, it went on the charts of all
women aged 65 years and older and recommended
that the patient should be tested for BMD.
Much research has examined what types of interventions work best to improve preventive services. A meta-analysis of physician prompts showed
rate differences of 5.8% for Papanicolaou smears to
18.3% for immunizations.16 Indeed, the effectiveness of physician reminders is so powerful that
Balas et al16 argue that the use of control groups
raises ethical questions. The Veterans Administration has shown remarkable adherence to patient
care guidelines with the use of electronic physician
reminders.22 A meta-analysis of interventions to
increase preventive services showed that organizational change gave the largest effect, with provider
reminders and patient education also showing signiﬁcant effects.15 Combining 2 or more effective
strategies worked better than single ones.15 With
the increasing emphasis on improving the delivery
of preventive and other health services, systems
integrating components of the chronic care model
have been recommended.23
Limitations
This was a small, cluster randomized trial conducted in a family physician practice-based research network with limited funding. Because the
practices and patients in this study were self-selected, the generalizability of our ﬁndings are unknown; the intervention’s effectiveness may be less
in other settings. Patients who agreed to be in the
study may be more amenable to receiving education and testing for osteoporosis, even though at
the time of consent they were not told that the
study focused on osteoporosis screening. It is somewhat surprising that we were able to demonstrate
an effect of the combined intervention given the
high rate of osteoporosis awareness in these practices as judged by the relatively high rates of previous BMD testing.
The fact that the usual care group had a lower
rate of previous screening than the intervention
practices is not something that could have been
known before the intervention. Accessing this data
requires informed consent, it is costly, and none of
these practices had electronic records, from which
this type of information might be able to be obtained in aggregate. The range of osteoporosis
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were not able to detect a signiﬁcant effect of the
physician CR alone.
We found 2 other cluster, randomized intervention studies that targeted both patients and physicians to improve BMD testing in primary care.11,12
These studies were able to make use of electronic
clinical information, did not obtain informed consent, and were signiﬁcantly larger than ours. Both
used hierarchical methods for analysis but not a
Bayesian approach. In the study by Lafata et al,11
15 primary care clinics with 10,354 women were
randomized by clinic to usual care, mailed reminders to patients only, or mailed reminders with physician prompts. BMD testing rates after intervention were 10.8% in the usual care group, 21.4% in
the group who were mailed patient reminders, and
28.9% in the mailed patient reminder plus physician prompt group.11 Each intervention increased
BMD testing rates compared with usual care.11
There was a signiﬁcant interaction between age and
BMD testing, such that the effect was more pronounced at higher ages.11 The other study found
no effect of mailed patient education tested in a 2 ⫻
2 fashion with academic detailing to physicians.12
In that study, 828 physicians with 13,455 Medicare
patients were randomized to usual care, academic
detailing alone, mailed patient education, or academic detailing plus mailed patient education.12
No difference between groups was found for the
main outcome of a composite endpoint of BMD
testing or initiation of a medication for osteoporosis.12 Other studies that have attempted to increase
BMD testing rates have used substantially different
types of interventions such as patient focus
groups14 or various formats for BMD reports.13
Our results were similar to Lafata et al11 in that
we found a strong effect for a combined intervention of mailed patient education combined with
physician chart reminder for osteoporosis screening. One possible explanation for the differences
between our results and those of Solomon et al12 is
that our letters to patients were personalized and
were from the practice physicians, and the educational materials accompanying the letters included
clear information that BMD testing is recommended for all women aged 65 years and older.
Letters from a physician’s ofﬁce may be more
trusted by patients than letters from another
source. Unlike Solomon et al’s study,12 which did
not test chart reminders, both our study and that of
Lafata et al11 used a physician chart reminder that

Statistical Methods
In this study it was necessary to adjust for covariables because the analysis was inﬂuenced by a practice with a low baseline testing rate that was randomized to the usual care group, and these patients
may be less “health conscious” than those patients
randomized to the intervention groups, as judged
by fewer annual exams. With the available data, and
because we wanted to control for patient and practice characteristics, it was not possible to perform a
usual hierarchical analysis because of a sample size
inadequate for estimating all study parameters. For
this reason, the primary analysis was a Bayesian
hierarchical analysis that made use of collateral
data. This analysis showed a strong and statistically
signiﬁcant effect for the CR⫹PtEd group (OR,
5.47; Bayesian equivalent of one side P ⫽ .029),
which was conﬁrmed by sensitivity analyses.
The best solution for the analytic problems in
this study is to increase the sample size, but this
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would be costly. With limited federal funding for
research to improve clinical practice,24 it is necessary to use the most efﬁcient methods possible to
evaluate interventions. Bayesian methods are a
promising approach for improving the efﬁciency of
trials that randomize patients at a practice level.
They allow for consideration of covariables as well
as the use of collateral data, and they are the only
type of analysis that can answer the key clinical
question, “What is the probability that the intervention is effective?” Although interpreting this
type of analysis requires judgment, there are 2 reasons that the comfort level of persons interpreting
these analyses may increase. First, the sensitivity
analyses used to explore the inﬂuence of assumptions on results is now used in a number of settings.25–27 Second, the greater availability of electronic databases could result in the availability of
better collateral data. Thus, Bayesian methods
should be an increasingly acceptable tool and the
need for large numbers of clinics to participate in
some trials may be reduced.

Conclusion
We found that the combination of relatively simple
interventions—ie, mailing patient education information and placing chart reminders directly on
patients’ charts— could potentially be used to improve osteoporosis screening among women aged
65 years and older. The intervention strategies,
with planned physical examinations, could easily be
applied to a number of preventive health screening
issues and other medical problems. The Bayesian
analysis used for this research is broadly applicable
to the analysis of interventions among patients attending primary care practices where it is important to account for the clustering of patients within
practices.28,29

We gratefully acknowledge the support of the ofﬁces of the
participating IRENE physicians.

References
1. Siris ES, Miller PD, Barrett-Connor E, et al. Identiﬁcation and fracture outcomes of undiagnosed low
bone mineral density in postmenopausal women: results from the National Osteoporosis Risk Assessment. JAMA 2001;286:2815–22.
2. Mussolino ME, Madans JH, Gillum RF. Bone mineral density and mortality in women and men: the

http://www.jabfm.org

J Am Board Fam Med: first published as 10.3122/jabfm.2009.04.080071 on 8 July 2009. Downloaded from http://www.jabfm.org/ on 4 December 2021 by guest. Protected by copyright.

screening values during the 14 months before the
intervention in this study was 9.7% for the usual
care ofﬁce and 22.6% for the intervention ofﬁces;
this was not signiﬁcantly different from the average
rate of BMD testing during a 14-month period
among women aged 65 years and older in 15 clinics
which did not participate in this study, which was
16.5% (SD, 15.5%).
The medical literature has numerous examples
of practice variation. Thus, it is very important that
any study of practice-based interventions take into
account baseline rates for outcomes at which an
intervention is directed. Thus, in conducting our
Bayesian analysis we controlled for previous BMD
testing at both the patient and the practice level,
and we used collateral data from 15 ofﬁces that did
not participate in this particular study (they participated in a cross-sectional study of colon cancer
screening).21 Including those women with a previous BMD test should make it more difﬁcult to see
an effect of the intervention, yet the rates of BMD
testing increased dramatically and were highly signiﬁcant for the CR⫹PtEd group and did not increase at all for the usual care group. We are not
aware of clinic factors other than the intervention
that could have accounted for the increased rates of
BMD testing. All of our results were consistent in
showing a very similar intervention effect for chart
reminders to physicians combined with patient education.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

doi: 10.3122/jabfm.2009.04.080071

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.
28.

29.

cancer screening services: a meta-analysis. Ann Intern Med 2002;136:641–51.
Balas EA, Weingarten S, Garb CT, Blumenthal D,
Boren SA, Brown GD. Improving preventive care by
prompting physicians. Arch Intern Med 2000;160:
301– 8.
Glasgow RE, Orleans CT, Wagner EH. Does the
chronic care model serve also as a template for improving prevention? Milbank Q 2001;79:579 – 612,
iv-v.
Hibbard JH, Stockard J, Mahoney ER, Tusler M.
Development of the Patient Activation Measure
(PAM): conceptualizing and measuring activation in
patients and consumers. Health Serv Res 2004;39:
1005–26.
Hollon MF. Direct-to-consumer advertising: a haphazard approach to health promotion. JAMA 2005;
293:2030 –3.
Kravitz RL, Epstein RM, Feldman MD, et al. Inﬂuence of patients’ requests for direct-to-consumer advertised antidepressants: a randomized controlled
trial. JAMA 2005;293:1995–2002.
Levy BT, Dawson J, Hartz AJ, James PA. Colorectal
cancer testing among patients cared for by Iowa
family physicians. Am J Prev Med 2006;31:193–201.
Oliver A. The Veterans Health Administration: an
American success story? Milbank Q 2007;85:5–35.
Hung DY, Rundall TG, Tallia AF, Cohen DJ, Halpin HA, Crabtree BF. Rethinking prevention in primary care: applying the chronic care model to address health risk behaviors. Milbank Q 2007;85:69 –
91.
Westfall JM, Mold J, Fagnan L. Practice-based research–“blue highways” on the NIH roadmap.
JAMA 2007;297:403– 6.
Chatterjee S, Hadi AS. Sensitivity analysis in linear
regression, 1st ed. New York, NY: John Wiley &
Sons, Inc.; 1988.
Briggs A, Sculpher M, Buxton M. Uncertainty in the
economic evaluation of health care technologies: the
role of sensitivity analysis. Health Econ 1994;3:95–104.
Saltelli A, Chan K, Scott EM. Sensitivity analysis, 1st
ed. New York, NY: John Wiley and Sons, Inc.; 2000.
Donner A, Klar N. Pitfalls of and controversies in
cluster randomization trials. Am J Public Health
2004;94:416 –22.
Murray DM, Varnell SP, Blitstein JL. Design and
analysis of group-randomized trials: a review of recent methodological developments. Am J Public
Health 2004;94:423–32.

Improving Osteoporosis Screening

367

J Am Board Fam Med: first published as 10.3122/jabfm.2009.04.080071 on 8 July 2009. Downloaded from http://www.jabfm.org/ on 4 December 2021 by guest. Protected by copyright.

3.

NHANES I epidemiologic follow-up study. Ann
Epidemiol 2003;13:692–7.
Wehren LE, Siris ES. Beyond bone mineral density:
can existing clinical risk assessment instruments
identify women at increased risk of osteoporosis?
J Intern Med 2004;256:375– 80.
Cadarette SM, McIsaac WJ, Hawker GA, et al. The
validity of decision rules for selecting women with
primary osteoporosis for bone mineral density testing. Osteoporos Int 2004;15:361– 6.
Wildner M, Peters A, Raghuvanshi VS, Hohnloser J,
Siebert U. Superiority of age and weight as variables
in predicting osteoporosis in postmenopausal white
women. Osteoporos Int 2003;14:950 – 6.
National Osteoporosis Foundation. Pocket guide to
prevention and treatment of osteoporosis. Washington, DC: National Osteoporosis Foundation; 1999.
Solomon DH, Brookhart MA, Gandhi TK, et al.
Adherence with osteoporosis practice guidelines: a
multilevel analysis of patient, physician, and practice
setting characteristics. Am J Med 2004;117:919 –24.
Gill JM, Hoffman MK. Prevention and treatment of
osteoporosis in primary care ofﬁces. J Womens
Health (Larchmt) 2003;12:473– 80.
Weiss TW, Siris ES, Barrett-Connor E, Miller PD,
McHorney CA. Osteoporosis practice patterns in
2006 among primary care physicians participating in
the NORA study. Osteoporos Int 2007;18:1473– 80.
King AB, Saag KG, Burge RT, Pisu M, Goel N.
Fracture Reduction Affects Medicare Economics
(FRAME): impact of increased osteoporosis diagnosis and treatment. Osteoporos Int 2005;16:1545–57.
Lafata JE, Kolk D, Peterson EL, et al. Improving
osteoporosis screening: results from a randomized
cluster trial. J Gen Intern Med 2007;22:346 –51.
Solomon DH, Katz JN, Finkelstein JS, et al. Osteoporosis improvement: a large-scale randomized controlled trial of patient and primary care physician
education. J Bone Miner Res 2007;22:1808 –15.
Stock JL, Waud CE, Coderre JA, et al. Clinical
reporting to primary care physicians leads to increased use and understanding of bone densitometry
and affects the management of osteoporosis. A randomized trial. Ann Intern Med 1998;128:996 –9.
Wroe AL, Salkovskis PM, Rimes KA. The effect of
nondirective questioning on women’s decisions
whether to undergo bone density screening: an experimental study. Health Psychol 2000;19:181–91.
Stone EG, Morton SC, Hulscher ME, et al. Interventions that increase use of adult immunization and

