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Abstract
Summary We evaluated the prevalence of osteoporosis using
the osteoporosis diagnostic criteria developed by the National
Bone Health Alliance (NBHA), which includes qualified frac-
tures, FRAX score in addition to bone mineral density
(BMD). The expanded definition increases the prevalence
compared to BMD alone definitions; however, it may better
identify those at elevated fracture risk.
Purpose The purpose of this paper is to estimate the preva-
lence of osteoporosis in US adults ≥50 years using the NBHA
osteoporosis diagnostic criteria.
Methods Utilizing 2005–2008 data of the National Health and
Nutrition Examination Survey (NHANES), we identified par-
ticipants with osteoporosis with any one of the following: (1)
femoral neck or lumbar spine T-score ≤ −2.5; (2) low trauma
hip fracture irrespective of BMD or clinical vertebral, proxi-
mal humerus, pelvis, or distal forearm fracture with a T-score
>−2.5 <−1.0; or (3) FRAX score at the National Osteoporosis
Foundation intervention thresholds (≥3% for hip fracture or
≥20% for major osteoporotic fracture). We estimated the prev-
alence overall and by gender and age.

Results Our sample included 1948 (54.3%) men and 1639
(45.7%) women. Approximately 12% were 80+ years and
21% were from racial/ethnic minority groups. We estimated
that 16.0% (0.8) of men and 29.9% (1.0) of women 50+ years
have osteoporosis. The prevalence increases with age to
46.3% in men and 77.1% in women 80+ years. The combina-
tion of FRAX score and fractures was the largest contributing
factor defining osteoporosis in men (70–79, 88.1%; 80+,
80.1%), whereas T-score was the largest contributing factor
in women (70–79, 49.2%; 80+, 43.5%).
Conclusions We found that 16% ofmen and 29.9% of women
50+ have osteoporosis based on the NBHA diagnostic criteria.
Although the expanded definition increases the prevalence
compared to BMD alone-based definitions, it may better iden-
tify those at elevated fracture risk in order to reduce the burden
of fractures in older adults.

Keywords Diagnostic criteria . Epidemiology . Fracture
prevention . Fracture risk assessment . Osteoporosis

Introduction

Osteoporosis has been defined as a skeletal disorder of re-
duced bone strength that leads to an increased risk for fracture,
typically with a relatively low level of trauma such as a fall
from standing height [1]. It has recently been estimated that
10.3% of adults 50 years and older in the USA have osteopo-
rosis when the diagnosis is based upon measurements of bone
mineral density (BMD) at the femur neck and/or lumbar spine
with a T-score of ≤−2.5 [2]. However, certain low trauma
fractures, particularly those of the hip and spine, are included
in many national [3] and international [4] osteoporosis treat-
ment guidelines since these types of fractures are recognized
as indicative of osteoporosis in the absence of a BMD T-score
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meeting the diagnostic threshold. The exclusion of these and
other fragility fractures from the diagnostic definitions would
likely underestimate the true prevalence of osteoporosis. In
addition, the role of clinical risk factors for low trauma frac-
tures and their future fracture predictive ability has been clear-
ly demonstrated with the creation and wide utilization of the
FRAX algorithm [5]. FRAX has been incorporated into inter-
vention guidelines, and in the USA, thresholds have been
created to assist in treatment decisions for individuals age 40
and older who have low bone mass [3].

With these principles in mind, the National Bone Health
Alliance (NBHA), a public-private partnership created in
response the US Surgeon General’s Report on Bone
Health and Osteoporosis [6] and led by the American
Society for Bone and Mineral Research (ASBMR) and the
National Osteoporosis Foundation (NOF), recently
assigned a working group of 17 clinicians and clinical sci-
entists to consider the possibility of an expansion of the
criteria for the clinical diagnosis of osteoporosis for use in
the USA. A position statement reflecting the consensus of
the working group has been published [7]. The NBHA po-
sition states that in postmenopausal women and in men age
50 and older in the USA, osteoporosis may be diagnosed
based on any one of three elements: traditional BMD based
T-score of ≤−2.5 at the hip (total hip or femoral neck) or
lumbar spine, a qualifying low trauma fracture, or a FRAX
score meeting or exceeding the recommended treatment
intervention cut points in persons with low BMD (T-score
>−2.5 <−1.0) used in the USA. The qualifying low trauma
fractures include hip, irrespective of BMD, and clinical
vertebral, proximal humerus, pelvis, and in some cases dis-
tal forearm in individuals with low BMD (osteopenia).
Morphometric vertebral fracture may be a qualifying frac-
ture in someone with low bone mass if the clinician believes
it to have been the result of reduced bone strength. The
FRAX cut points chosen as diagnostic indicators of osteo-
porosis reflect the two being used as treatment intervention
thresholds in the current NOF Clinician’s Guide, namely
≥3% 10 year absolute risk for hip fracture or ≥20% for
major osteoporotic fracture in older US adults [3].

The new diagnostic criteria for osteoporosis recommended
by NBHA have been endorsed by several national organiza-
tions including the NOF and the ASBMR as well as several
professional societies whose members diagnose and treat os-
teoporosis, including the American Academy of Orthopaedic
Surgeons, the US contingent of the International Society for
Clinical Densitometry, and the Endocrine Society. However, it
is not known how the expansion of the diagnostic criteria
might affect prevalence estimates. The purpose of this paper
is to estimate the proportion of the population of US postmen-
opausal women and men age 50 and older who would be
identified as having a clinical diagnosis of osteoporosis based
upon the expanded criteria recommended by the NBHA.

Methods

This study was performed using 2005–2008 data from the
National Health and Nutrition Examination Survey
(NHANES). The NHANES are conducted by the National
Center for Health Statistics (NCHS), Centers for Disease
Control and Prevention, to assess the health and nutritional
status of large representative cross-sectional samples of the
non-institutionalized, US civilian population. The analytic sam-
ple consisted of individuals 50 years and older, without missing
information on any data element used in the NBHA definition.

Elements of NBHA definition

Bone mineral density

BMD testing was performed by every NHANES center on a
sample of participants ≥8 years of age [8]. The anterior–pos-
terior lumbar spine and femoral neck were measured with
Hologic QDR 4500A fan-beam densitometers (Hologic,
Inc., Bedford, MA) using Apex version 3.0 software (lumbar
spine) or Discovery version 12.4 software (femur neck) as
described elsewhere [9, 10]. The left hip was scanned unless
there was a history of previous fracture or surgery, and scan-
ning was done in the fast mode. Quality control (QC) pro-
grams included the use of anthropomorphic phantoms.
Review of each QC and respondent scan were completed at
a central site (Department of Radiology of the University of
California, San Francisco), using standard radiologic tech-
niques and study-specific protocols developed for the
NHANES [11, 12]. Bone density T-scores were calculated as
(respondent’s BMD − reference group mean BMD)/reference
group standard deviation [SD]). The reference group for the
femoral neck consisted of non-Hispanic White women aged
20–29 years from NHANES III, [13] while the reference
group for the lumbar spine consisted of 30-year-old White
females from the dual-energy X-ray absorptiometry (DXA)
manufacturer reference database [14]. Using T-scores identi-
fied by the World Health Organization, [15] osteoporosis was
defined as a T-score −2.5 or below at either the femoral neck
or lumbar spine.

Qualifying low trauma fractures

NHANES participants self-reported hip, wrist (representing
distal radius/ulna), and spine fractures based on the following
question: BHas a physician ever told you that you had broken
or fractured the specific site? [16]^ If yes, participants were
asked the number of times they broke each site, the age, and
circumstances associated with each fracture. Circumstance
categories consisted of Ba fall from standing height or less
(for example, tripped, slipped, fell out of bed); a hard fall (such
as falling off a ladder or step stool, down stairs); or a car
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accident or other severe trauma^ [16]. Other fracture sites
were determined based on the question BHas a doctor ever
told you that you had broken or fracture any other bones after
20 years of age?^ If yes, respondents were first asked how
much trauma was involved. Skeletal location and age at frac-
ture were only asked for fractures that were due to Bnon-
severe^ trauma, i.e., those not resulting from car accidents or
Bhard falls^ [16].

According to the NBHA criteria qualifying low trauma
fractures include hip, clinical vertebral, proximal humerus,
pelvis and some distal forearm in the presence of low BMD
[7]. We did not have access to chest or lumbar radiographs to
identify morphometric vertebral fractures and relied on self-
report of spine fractures that the participant reported occurring
after the age of 50 alone. We used patients reporting humerus
and shoulder fractures occurring after the age of 50, who also
had low BMD to represent qualifying proximal humerus frac-
tures. It was previously suggested by the NBHA authors that
there is potential for misclassification around the relationship
of wrist fractures with osteoporosis in participants 50–59 [7],
particularly given the circumstances around the fracture, e.g.,
trip and fall versus fall from skiing accident. Although trauma
was reported by NHANES participants, to minimize misclas-
sification and for purposes of these analyses to reduce
overdiagnosing osteoporosis, we only considered those wrist
fractures occurring in participants reporting fractures occur-
ring at ≥60 years of age in the presence of low bone density
as a qualifying fracture.

FRAX score

FRAX score is calculated based on BMD (or BMI when BMD
is not available) and the following clinical factors: age,
race/ethnicity, history of previous fracture, parental history of
hip fracture, cigarette smoking, alcohol intake, use of systemic
glucocorticoids, and rheumatoid arthritis. Since BMDmeasure-
ments were available in this sample, other secondary causes of
osteoporosis were not included, as per the FRAX algorithm.
The operation of these variables in NHANES for calculation of
FRAX scores has been previously summarized [17]. The 10-
year probability for hip and major osteoporotic fractures was
calculated using FRAX version 3.0. We identified those who
met or exceeded the NOF intervention thresholds of a 10-year
absolute risk of hip fracture of ≥3% or of major osteoporotic
fracture ≥20% based upon the FRAX calculation.

Statistical analysis

We calculated the proportions meeting the qualifying elements
of the NBHA diagnostic criteria overall, by gender and age.
Each element was considered mutually exclusive, so partici-
pants were not counted twice. We estimated the prevalence of
osteoporosis according to the NBHA diagnostic criteria overall

and by gender and age. We used linear regression to test for
trends in the prevalence of osteoporosis by age. We estimated
the contributions of each element of the NBHA diagnostic
criteria stratified by gender and age. We compared the propor-
tions of each element of the criteria by gender using the chi-
square test. All age-standardized estimates were calculated
using the age distribution from the USCensus 2000 population.
All analyses used sample weights and took into account the
complex design of the survey. All analyses were conducted
with PC-SAS (version 9.2, SAS Institute, Cary, NC) and
SUDAAN (version 10.0, Research Triangle Institute, NC).

Results

The 2005–2008 NHANES data included 7532 adults
≥50 years of age, of which 5288 (70.2%) were interviewed
(Fig. 1). DXA examinations were performed on 5055 (95.6%)
of the interviewed participants. Our study sample included
3587 adults with non-missing information on DXA, fracture,
or any of the variables used for the FRAX score calculation
(Fig. 1.) This represented 1948 (54.3%) men and 1639
(45.7%) postmenopausal women (Table 1). Approximately,
a third of the sample was 50–59 years (30.6%) and 34.9%
was between 60 and 69 years of age. The majority of the
sample was non-Hispanic White (78.9%), with 8.7%
representing non-Hispanic Blacks, 4.5% Mexican
Americans, and 8.0% other races and ethnicities (Table 1).

Of the sample, 552 (15.4%) individuals reported having a
fracture at ≥20 years of age (Fig. 1). However, only 153
(27.7%) of individuals reported that the fracture occurred
≥50 years of age, of which 88 (57.5%) were due to low trau-
ma. Two participants reported two fractures at two different
sites, so we only counted them once, leaving the final number
of our sample reporting a fracture as 86 (2.4%).

The prevalence of each of the elements in the NHBA diag-
nostic categories is shown in Table 2. The prevalence and
standard error (SE) of osteoporosis based on BMD at the
femoral neck or the lumbar spine alone were 4.0% (0.45) in
men and 15.5% (0.81) in women. The prevalence of osteopo-
rosis at the femoral neck or lumbar spine was higher with
increasing age (Table 2). For example in men, the prevalence
was 3.3% in men 50–59 years of age and was 9.2% in men
80+. In women, the prevalence was 8.4% in women 50–
59 years of age and was 33.6% in women 80+ years of age.
This increasing trend with age was statistically significant in
women only.

The prevalence of osteoporosis based on qualifying frac-
tures in individuals with low BMD alone was statistically
unreliable given the sample size overall and by age group,
particularly in men. In women, 1.3% (0.37) had osteoporosis
through qualifying fractures alone overall. When examining
by age, the 70–79 age group was the only group with enough
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data to provide statistically reliable estimates, with 2.9%
(0.78) having osteoporosis through qualifying fractures alone.

With respect to FRAX, overall, 11.6% (0.83) of men
and 13.0% (0.97) of women 50+ years had osteoporosis
based on a FRAX score at or above the NBHA diagnostic
threshold (Table 2). Similar to the prevalence of osteopo-
rosis based on DXA data alone, the prevalence of osteo-
porosis based on having a qualifying FRAX score in-
creased with age. However, unlike the DXA data, this

trend was statistically significant in both men and women,
with the prevalence of osteoporosis based on having a
qualifying FRAX score alone increasing from 2.0 to
34.0% in men 50–59 to 80+ years of age (p = 0.001)
and from <1 to 41% in women 50–59 to 80+ years of
age (p = 0.001), respectively (Table 2).

Patterns observed in non-Hispanic Whites were similar to
those in the total study sample for the prevalence of osteopo-
rosis based on each of the three elements both overall and by
age (Table 2). Examinations in other racial and ethnic groups
could not be performed due to small sample sizes.

Based upon the presence of any one of the three ele-
ments for diagnosis, overall 16.0% (0.78) of men and
29.9% (0.99) of women 50 years and older meet the
NBHA diagnostic criteria for osteoporosis (Table 3). As
anticipated, the prevalence of osteoporosis with the
NBHA diagnostic criteria increases with age. In men,
the estimated prevalence increased from 5.5 to 46.3% be-
tween the 50–59 and the 80+ age groups (Table 3). In
women, the prevalence increased from 10.9% in the 50–
59 age group to 77.1% in the 80+ age group. In both
sexes, this trend is statistically significant (p = 0.001).
We found similar patterns when evaluating non-Hispanic
Whites alone, but the absolute prevalence of osteoporosis
was higher in non-Hispanic Whites than the total study
sample (Table 3).

Participant’s ≥50 years in 2005-2008 NHANES 
N = 7,532 

Interviewed 
N = 5,288  

DXA Examination 
N = 5,055 

Non missing data for FRAX calculations 
N = 3,587 

Fractures reported ≥20 
N = 552 

Fractures reported ≥50 
N = 153 

Fractures reported ≥50 due to low trauma 
N = 88 

Final analytic fracture Fractures reported ≥50 due to 
low trauma 

N = 86 

No Fractures Reported ≥20 
N = 3035 

Fig. 1 Identifying eligible study
participants and qualifying
fractures

Table 1 Age and race/ethnicity breakdown of study sample by sex

Men n = 1948 Women n = 1639
N (%) N (%)

Age (years)

50–59 664 (33.1) 454 (27.7)

60–69 649 (33.3) 603 (36.8)

70–79 437 (22.4) 380 (23.2)

80+ 218 (11.2) 202 (12.3)

Race/ethnicity

NH—White 1539 (79.0) 1290 (78.7)

NH—Black 162 (8.3) 151 (9.2)

Mexican American 92 (4.7) 70 (4.3)

Other 156 (8.0) 129 (7.9)

NH, non-Hispanic
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Given the low contribution of qualifying fractures
alone to osteoporosis diagnosis, for purposes of analysis,
we combined qualifying fractures with FRAX in our ex-
amination of the contributions of each criterion to those
diagnosed with the NBHA criteria as having osteoporosis.
Based on sample size, we also combined the 50–59 and
60–69 age groups. We observed statistical differences in
the contributions of T-score and FRAX/qualifying frac-
tures by sex and age (Fig. 2). FRAX/qualifying fracture

score was the largest contributing factor defining osteopo-
rosis in men 70–79 (men, 88.1% vs. women, 50.8%,
p < 0.05) and 80+ (men, 80.1% vs. women, 56.5%,
p < 0.05) than in women, whereas femoral neck and lum-
bar spine T-score was the largest contributing factor in
women in those corresponding age groups (70–79, wom-
en 49.2% vs. men 11.9%, p < 0.05; 80+, women 43.5%
vs. men 19.9%, p < 0.05) (Fig. 1). No statistical differ-
ences were observed in the youngest age group.

Table 2 Prevalence of risk
factors that define osteoporosis
using new NBHA diagnostic
criteria overall and by age

Men (n = 1948) Women (n = 1639)

% SE % SE

Femur neck or lumbar spine T-score
<−2.5 (osteoporosis)

Total study sample
Age 50+ (age adjusted)a 4.0 0.45 15.6 0.81
50–59 3.3 0.86 8.4 1.32
60–69 3.3 0.92 10.5 1.31
70–79 3.1b 0.93b 25.3 1.58
80+ 9.2 2.10 33.6 3.15

p value, age trend 0.06 0.001
Non-Hispanic White
Age 50+ (age adjusted)a 3.6 0.46 15.3 0.99
50–59 2.9b 1.02b 8.3 1.73
60–69 2.6b 0.97b 9.7 1.48
70–79 3.3b 1.12b 25.5 1.83
80+ 8.9 2.22 32.9 3.88

p value, age trend 0.09 0.001
Total study sample
Age 50+ (age adjusted)a –c –c 1.3 0.37
50–59 –c –c –c –c

60–69 –c –c –c –c

70–79 –c –c 2.9 0.78
80+ –c –c –c –c

Qualifying low trauma fractured Non-Hispanic White
Age 50+ (age adjusted)a –c –c 1.4b 0.45b

50–59 –c –c –c –c

60–69 –c –c –c –c

70–79 –c –c 3.3 0.93
80+ –c –c –c –c

Total study sample
Age 50+ (age adjusted)a 11.6 0.83 13.0 0.97

Qualifying FRAX scoree 50–59 2.0b 0.69b –c –c

60–69 6.4 1.10 8.2 1.37
70–79 22.7 2.72 23.1 2.09
80+ 34.9 3.29 41.0 4.05

p value, age trend 0.001 0.001
Non-Hispanic White
Age 50+ (age adjusted)a 13.4 1.01 15.1 1.25
50–59 2.7b 0.91b –c –c

60–69 8.2 1.40 10.3 1.64
70–79 26.4 3.21 25.5 2.54
80+ 37.8 3.81 46.8 4.43

p value, age trend 0.001 0.001

a Age standardized to the 2000 Census
b Estimates may be statistically unreliable, standard error/percent is 30–39%
cUnreliable estimates, standard error/percent >40% and/or sample size <30
d Low trauma hip fracture after age 50 or low bone mass (LBM) at femur neck or lumbar spine and low trauma
spine, pelvis, shoulder or humerus fracture after age 50 or LBM at femur neck or lumbar spine and low trauma
wrist fracture after age 60
e Low bone mass at femur neck or lumbar spine and hip FRAX score ≥3% or major osteoporotic FRAX score
≥20%
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Discussion

We used NHANES 2005–2008 data to evaluate the prevalence
of osteoporosis using the expanded osteoporosis diagnostic
criteria recently recommended by the NBHA, which focused
attention on the disease as one of elevated fracture risk in post-
menopausal women and men over age 50 in the USA. The
criteria include diagnosis based on BMD measurements as in
the past and added as alternative means of diagnosis certain
qualifying fractures and elevated risk for fracture as determined
by FRAX as diagnostic for osteoporosis. We found that 16.0%

of men age 50 and older and 29.9% of postmenopausal women
would be classified as having osteoporosis in the USA. There
was a statistically significant increasing trend in the prevalence
with increasing age, underscoring the importance of advancing
age as one of the primary risk factors for osteoporosis and
fracture. In men and women 80 years and older, we estimated
the prevalence to be 46.3 and 77.1%, respectively.

BMD, another potent risk factor for fracture, appears to be
the driving component diagnosing women with osteoporosis,
whereas FRAX appears to be more prominent in men, partic-
ularly older men. This finding may be in part a consequence of
the current WHO guidelines for the calculation of T-scores for
osteoporosis [15]. The young normal female referent group is
used for the femoral neck T-score calculation for bothmen and
women. If the male referent group is used to calculate T-scores
in men, as is done by some clinical practitioners, a higher
proportion of men would have been classified as having oste-
oporosis based on BMD T-scores at the spine or hip.

Previous national osteoporosis prevalence estimates using
NHANES have been based only on BMD data [2, 18]. In the
most recent national osteoporosis report, Wright and col-
leagues estimated that 4.3% of men and 15.4% of women
50 years and older have osteoporosis [2]. At face value, it
appears that by using the expanded NBHA definition, the
prevalence of osteoporosis increases by 3.7-fold in men and
almost 2-fold in women.

One concern regarding increasing the numbers of individ-
uals diagnosed with osteoporosis with the expanded criteria is
that this would lead to an increase in the number of people
being treated with prescription medication despite not having
a T-score of −2.5 or lower [19]. Using the same NHANES data
set, Dawson-Hughes and colleagues previously reported that
19.3% (1.2) of men and 30.8% (1.0) of women were eligible
for osteoporosis treatment based on the current NOF treatment

Table 3 Proportion meeting 2013 NBHA diagnostic criteria for
osteoporosis by age and sex among men and postmenopausal women
ages 50+, NHANES 2005–2008

Men Women

n % SE n % SE

Total study sample

50+ (age adjusted)a 1948 16.0 0.78 1639 29.9 0.99

50–59 644 5.5 1.13 454 10.9 1.70

60–69 649 10.1 1.46 603 19.9 2.11

70–79 437 25.9 2.90 380 51.3 1.55

80+ 218 46.3 2.96 202 77.1 2.97

p value, age trend 0.001 0.001

Non-Hispanic White

50+ (age adjusted)a 1080 17.5 0.89 880 31.8 1.41

50–59 325 5.6 1.46 221 11.7 2.26

60–69 290 11.3 1.74 271 21.2 2.31

70–79 289 29.9 3.29 239 54.3 1.97

80+ 176 49.1 3.42 149 82.6 2.88

p value, age trend 0.001 0.001

aAge standardized to the 2000 Census

0
10
20
30
40
50
60
70
80
90

100

50-69 70-79 80+ 50-69 70-79 80+

nemoWneM

Qualifying FRAX Score or Low Trauma Fracture
FN or LS T-score <-2.5

% 

Fig. 2 Contribution of each
qualifying criteria to the NBHA
osteoporosis definition by age and
sex
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guidelines: T-score ≤−2.5 at spine or femoral neck, the presence
of a vertebral or hip fracture, or meeting FRAX score thresh-
olds of ≥3% risk for hip fracture or ≥20% risk for major oste-
oporotic fracture in those with low BMD [17]. Overall, we
found 16% (0.8) of men and 29.9% (1.0) of women met the
NHBA diagnostic criteria for osteoporosis. The proportions are
nearly identically, suggesting that if all persons diagnosed with
osteoporosis using the NBHA criteria were recommended for
treatment by their doctors, the proportions would not increase if
all clinicians were already following current NOF recommen-
dations, which have been in place for several years.

In that same prevalence report, Wright and colleagues also
estimated that approximately 44% of US adults 50+ years
have low bone mass [2]. Several studies have shown that the
majority of fractures occur in individuals with low bone mass
[20–23]. The goal of the new NBHA criteria is to identify a
population of people who have a high risk for fracture that
previously was unrecognized and clinically manage and/or
reduce that fracture risk. A formal diagnosis of osteoporosis
may make the process easier.

Even if there is disagreement about the utility of pre-
scription medication in patients diagnosed with osteopo-
rosis using the NBHA criteria, particularly if that diagno-
sis is based solely on FRAX score, some management
strategy is needed in all diagnosed patients to lower the
elevated fracture risk that is present. In nearly all cases,
especially in the oldest of the those diagnosed with oste-
oporosis with the expanded criteria, awareness by both
clinicians and patients of the elevated fracture risk, cor-
rection of calcium and/or vitamin D deficiency, and a
program to lessen the likelihood of falling are worthy
and logical components of this strategy, and in those cases
where medication to reduce fracture risk is appropriate, it
should be used.

To our knowledge, this study is the first attempt to eval-
uate the impact of the NBHA osteoporosis diagnostic
criteria; however, it is not without limitations. We were
limited in the ascertainment of qualifying fractures due to
data collection procedures in NHANES. Qualifying frac-
tures only accounted for 1.3% of the NBHA classification
in women and was statistically unreliable in men. Although
this is a relatively small proportion, it could potentially
represent over 467,000 women 50+ years of age based on
the 2000 US census. The validity of the self-report of most
fragility fractures is high [24], but misclassification is pos-
sible, particularly at fracture sites such as the spine. Due to
the lack of radiographic information, we were also unable
to incorporate morphometric fractures in our prevalence
estimates. Radiographs can identify more spinal deformi-
ties that are indicative of fractures than waiting for patients
to seek clinical attention. For example in analyses from the
fracture interventions trial, 22.6% of the 446 radiographic
deformities were clinically identified, whereas nearly 73%

of the clinical identified vertebral fractures were morpho-
metrically identified [25]. By excluding those individuals
who would only be diagnosed with osteoporosis through
the presence of a morphometric fracture and low BMD,
we are biased towards lower prevalence. Another design
decision that could have potentially biased our prevalence
estimates lower was limiting our wrist fractures to those
60 years of age and older. This was done to be conservative
as there is clinical equivocation on what is or is not a qual-
ifying wrist fracture. As the 50–59 year olds represented a
third of our study sample, we could have missed a number
of wrist fractures that were truly attributable to osteoporosis
in 50–59 year olds. Another conservative element of the
NBHA criteria which may lead to underdiagnoses is related
to the specific fracture sites included as qualifying frac-
tures. Although the working group identified the top sites
comprising almost two-thirds of osteoporosis-related fra-
gility fractures, other fracture sites are also associated with
increased risk for subsequent fracture [26]. Due to the over-
lap with DXA-defined osteoporosis, the number of people
with qualifying fractures alone was small, making many
estimates statistically unreliable. We could have also under
diagnosed osteoporosis based by not having T-scores from
other regions of the hip, such as total hip T-score, which is
an appropriate measure by the NBHA criteria, but was not
available in NHANES. Although it was useful to be able to
compare our results with previously reported NHANES da-
ta, by standardizing our study sample to the 2000 Census
did not allow us to capitalize on newer Census data that
may better reflect the current demographics of the US pop-
ulation. Although, by design, NHANES provides national
estimates of various conditions, such as osteoporosis, there
could be selection bias among the participants, particularly
among older and minority populations. However,
NHANES strives to make each cycles participants as non-
bias and as representative as possible to serve as a continual
national data source for making national inferences.

In conclusion, the new expanded criteria for the clinical
diagnosis of osteoporosis, intended to help to identify
those older men and women at high risk for fracture,
increases the prevalence of this condition beyond that
found with BMD alone; however, based on the literature,
the new diagnostic criteria will not alter the proportions of
adults eligible for treatment. The expanded criteria were
proposed for use in the USA, particularly in terms of
FRAX calculations based on US specific estimates and
intervention thresholds, but similar models could be de-
veloped in other countries if deemed appropriate. If there
is to be an ongoing public health effort to reduce the
burden of fractures in older women and men, the identi-
fication of those at elevated fracture risk and the develop-
ment of management strategies to lower risk where it is
found remains an important public health goal.
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