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Abstract

Purpose of Review This review summarizes the current knowledge regarding osteoporosis and fracture among older US
Asian adults.

Recent Findings Asian adults have lower (areal) bone density than non-Hispanic White adults and thus are more likely to
be diagnosed and treated for osteoporosis, despite their lower risk of hip fracture. The latter may relate to favorable charac-
teristics in hip geometry, volumetric bone density, and bone microarchitecture; lower risk of falls; and other clinical factors.
The fracture risk calculator FRAX accounts for the lower risk of hip fracture among US Asian adults. However, data on
major osteoporotic fracture risk remain limited. Fracture rates also vary by Asian subgroup, which may have implications
for fracture risk assessment. Furthermore, among women receiving bisphosphonate drugs, Asian race is a risk factor for
atypical femur fracture, an uncommon complication associated with treatment duration. Recent clinical trial efficacy data
pertaining to lower bisphosphonate doses and longer dosing intervals may be relevant for Asian adults.

Summary More research is needed to inform osteoporosis care of US Asian adults, including risk-benefit considerations and
the optimal duration of bisphosphonate treatment. Greater evidence-based guidance for primary fracture prevention among
US Asian adults will ensure health equity in the prevention of osteoporotic fractures.

Keywords Asian race - Ethnicity - Osteoporosis - Fracture - Risk assessment - Health equity

Introduction changing international relations, labor migration, and eco-

nomic opportunities led to an early growing Asian popula-

The past fifty years have been marked by tremendous
increase in the racial and ethnic diversity of the US popu-
lation, with the Asian population now the fastest growing
race group since the turn of the century [1, 2]. Following
the repeal of the Chinese Exclusion Act in 1943, the 1965
Immigration Act, major wars in East and Southeast Asia,
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tion in the US [3] that has now nearly doubled from 2000 to
2020 [2]. In 2021, one-fifth of all US immigrants were from
India (6.0%), China (5.3%), the Philippines (4.4%), Viet-
nam (3.0%), and Korea (2.2%) [4, 5]. Currently, 6.0% of the
US population is of Asian race [6]. Chinese, Asian Indian,
and Filipino ethnicities are the three largest subgroups and
together with Vietnamese, Korean, and Japanese ethnicities
account for 85% of the US Asian population [1, 7]. Native
Hawaiian and Pacific Islander (PI) groups comprise an addi-
tional 0.3-0.5% of the overall US population [7].

In another demographic shift, one in five US residents
will be over age 65 years by 2030 [8], with even greater
ethnic diversity. In California, where nearly one third of all
US Asians reside [1, 9], Asian/PI adults represent 16.9% of
the state’s older population [10]. Osteoporosis is a serious
public health issue for older adults and the burden of osteo-
porosis among Asian adults will increase substantially as the
population ages. Yet the relative dearth of data pertaining to
the epidemiology of osteoporosis and fracture among Asian
ethnic groups presents unique healthcare challenges for this
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diverse population [11ee, 12]. The US Census has tracked
Chinese, Japanese, Filipino, Korean, Asian Indian, and Viet-
namese ethnicities since 1980 and earlier [13], but for the
vast majority of epidemiologic studies focused on osteopo-
rosis and fracture outcomes, this heterogeneous population
has been grouped more broadly as “Asian”.

A challenge in clinical management is that Asian adults
tend to have lower bone mineral density (BMD) than non-
Hispanic White (NHW) adults, due in part to measurement
of areal BMD by dual energy x-ray absorptiometry (DXA),
which is influenced by bone size [14]. As such, Asian women
are over-represented among post-menopausal women receiv-
ing osteoporosis therapy for primary fracture prevention
[15ee, 16]. Yet hip fracture rates among US Asian adults
are much lower than among NHW adults [17,18,19,20e,21].
Bone structural properties and other factors that may explain
these observed differences are briefly summarized in the
current report and have been extensively reviewed elsewhere
[22,23,24e] Another concern is the more recent recognition
that Asian race is a risk factor for atypical femur fracture
(AFF) among women who received bisphosphonate therapy
[15ee,25,26,270¢ 28]. This uncommon treatment complica-
tion, first reported in the US [29-31] and Singapore [32, 33],
is an additional consideration when determining the optimal
length of bisphosphonate therapy for Asian women. In this
review, we discuss the skeletal health of older US Asian
adults, Asian subgroups, and clinical management consid-
erations in primary care and suggest future research to guide
evidence-based practice for this understudied population.

Bone Structure and Strength
Bone Mineral Density

A major determinant of bone strength is BMD which is typi-
cally measured by DXA, reflecting areal BMD (g/cm?) [34].
But in persons with small bone size, this two-dimensional
measurement may underestimate true volumetric BMD, a
three-dimensional property that can be assessed by quanti-
tative computerized tomography (QCT) [14]. In the Osteo-
porotic Fractures in Men (MrOS) study, femoral neck areal
BMD was lower in Asian compared to White men but fem-
oral neck QCT data showed higher trabecular volumetric
BMD and thicker cortices [35]. An estimate of volumetric
BMD (bone mineral apparent density, BMAD) has also been
calculated from DXA measurement of vertebral size and
mineral content. The Study of Women’s Health Across the
Nation (SWAN) found that areal BMD was lower in Japa-
nese and Chinese women than in White women, but BMAD
was higher in Asian women [36]. Others have also observed
that calculation of BMAD reduces or eliminates BMD dif-
ferences among Asian subgroups and White adults [37].

Few studies have compared (areal) BMD among other US
Asian subgroups. Table 1 summarizes population studies
that report areal BMD data for US Asian ethnic subgroups.
In an early study of 449 South Asian women and 2245 age-
matched Chinese women, age-specific femoral neck BMD
was slightly lower for Chinese compared to South Asian
women age 50-69 years [38]. In a more recent report, mean
femoral neck BMD among 11,147 Filipina, 10,648 Chinese,
and 2,519 Japanese women generally differed by <3%, but
were collectively lower than NHW counterparts — at least
6—8% lower among older women [39]. While adjustment
for stature (which was 6-8 cm lower among Asian women)
reduced the Asian-NHW BMD differences by 30-40%, per-
sisting BMD differences observed among older women sug-
gested a potential age cohort effect [39].

Areal BMD has been used to define osteoporosis, but
because BMD differs depending on the densitometer manu-
facturer, it is reported in relative terms as a T-score, repre-
senting standard deviations from peak bone mass [49]. In
1994, an expert committee sponsored by the World Health
Organization recommended that osteoporosis be defined as
a BMD T-score <-2.5, osteopenia between -1.0 and -2.5,
and normal >-1.0 [50]. These definitions relied on refer-
ence populations of White women. When men were studied,
new reference data allowed T-scores by sex, and additional
race and ethnicity data added early sets of sex-specific eth-
nic T-scores, depending on the densitometer [51]. Once the
uniform NHW femoral neck BMD reference from National
Health and Nutrition Examination Survey (NHANES) III
was used for all densitometers [52, 53], the NHW T-score
was reported for Asian adults. NHANES III (1988-1994)
studied NHW, Black, and Mexican men and women but not
Asian adults [54, 55].

Using relative values for areal BMD (T-scores accord-
ing to the distribution within a population), individuals with
the same areal BMD but different ethnicity could have dif-
ferent ethnic T-scores that impact BMD classification. For
example, a study of 150 South Asian women in California
found that 13% were reclassified from low to normal BMD
using a North India BMD reference (total hip), whereas
40% were reclassified using a South India BMD reference
(lumbar spine) [44]. In 2006, Walker et al. published a Chi-
nese American referent BMD database derived from 359
healthy Chinese American women aged 20-90 years in
New York City [43]. Using this reference, the prevalence of
T-score <-2.5 in Chinese women fell from 43 to 21% based
on the lowest of femoral neck, total hip, and lumbar spine
T-scores [43]. This same Chinese BMD reference applied
to Chinese women in northern California [47] showed simi-
larly large shifts in T-score classification (Fig. 1). Although
Chinese women in New York may differ from those in Cali-
fornia, the question remains how to best risk stratify Asian
adults with BMD measured by DXA.
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Fig.1 Change in the percentage of Chinese women with
T-score <-2.5 when bone mineral density T-score is calculated using
US Chinese reference data compared to US Non-Hispanic White
(NHW) reference data. A much lower percentage of Chinese women
are classified with bone mineral density (BMD) T-score <-2.5 when

Since 2002-2006 for women [51, 56] and 2013 for men
[57], the International Society for Clinical Densitometry has
recommended using the NHW female reference to calculate
BMD T-scores for adults of all races and ethnicities [58].
Although local recommendations may vary with regard
to sex- or race-specific T-scores [58, 59], the general con-
sensus was to use an absolute definition for osteoporosis:
areal BMD T-score relative to the peak bone mass of NHW
women in the NHANES III, thereby providing a standard
referent [60]. At the femoral neck, this osteoporosis thresh-
old is an areal BMD of 0.577 g/cm2 (Hologic densitometer;
cross-calibration equations convert to other manufacturer
densitometers) [52, 60]. The absolute value was defined in
NHW women but is independent of age, sex, and ethnicity.
However, this is an areal BMD and size differences must
be considered. Even with volumetric bone density, BMD
assignment does not fully convey the risk of fracture or
whether any treatment will reduce the risk of fracture.

For NHW women, large population studies were con-
ducted to enable estimation of fracture risk from areal BMD
and other risk factors. The NIH-funded Study of Osteoporo-
sis Fractures (SOF) enrolled nearly 10,000 women (99.7%
White) in 1986-1988 [61]. Black women were excluded
because of their low incidence of hip fractures; Asian and
Hispanic women were not mentioned. The only “ethnic ori-
gin” information was Northern or Southern European ances-
try [61]. Since then, more studies have included US Asian
adults (as an aggregate group), but disparities remain in
the amount of data examining the relationship of BMD and
other risk factors to fracture. A major gap in the field is the
lack of data pertaining to US Asian subgroups. The National
Osteoporosis Risk Assessment (NORA) study characterized

a US Chinese BMD reference [43] is used for T-score calculation
compared to the NHW BMD reference [43, 47, 52]. Figure redrawn
from reference [43] (Lo JC, et al. Applying ethnic-specific bone min-
eral density T-scores to Chinese women in the USA. Osteoporos Int.
2016; 27:3477-3484) with permission

low peripheral BMD (heel, forearm, finger), risk factors,
and fracture incidence in postmenopausal women, but only
1% of subjects were of Asian race [62]. The mean T-score
for Asian women was lower compared to White women in
each age decade, whereas their relative risk for fracture at
one year was 0.32, adjusting for BMD, weight, and other
covariates [63]. Within each racial and ethnic group in the
NORA study, the associations of peripheral BMD (T-score)
and fracture were similar [63].

Bone Microarchitecture

In addition to bone mass, bone microarchitecture plays an
important role in bone strength [64]. Bone microarchitecture
assessed by high-resolution peripheral QCT (HR-pQCT) of
the distal radius and tibia demonstrates higher (volumetric)
trabecular and cortical bone density and thickness in pre-
menopausal Chinese American women compared to White
women, despite smaller bone area [65], as well as better
trabecular microstructure [66]. In postmenopausal women,
higher cortical bone density and thickness and lower tra-
becular number but higher trabecular thickness have been
observed in Chinese compared to White women, with simi-
lar estimates of whole bone stiffness [67]. Recent interest has
focused on trabecular bone score (TBS), an index derived
from lumbar spine DXA images [68] that correlates with
bone microarchitectural properties at the spine and hip
[69]. Leslie, et al. [70] examined data from 29,407 women
in Manitoba, Canada and found that lumbar spine TBS pre-
dicted major osteoporotic fracture in women with diabetes
and captured diabetes-associated fracture risk more opti-
mally than BMD (BMD tends to be higher in patients with
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diabetes). Whether these same relationships exist for Asian
adults, a demographic group with prevalent diabetes and
lower body weight [71], has not been examined. Racial and
ethnic differences in TBS have been reported [72,73,74e],
and more studies examining TBS in racial and ethnic minor-
ity populations have been advocated [75].

Hip Geometry

Faulkner and colleagues [76] were the first to report that
longer hip axis length predicts increased hip fracture risk
among postmenopausal White women. Cummings, et al.
[77] further observed that US Asian women (89% were Jap-
anese-American) had shorter hip axis length independent of
height differences, which could be a potential explanation
for their lower risk of hip fracture. Other subsequent stud-
ies have also identified shorter hip (or femoral neck) axis
length in Asian compared to White adults, as summarized
in prior reviews [22, 78]. In the SWAN study, differences
in hip structure analysis measures and higher composite
strength indices which may confer lower hip fracture risk
were observed in midlife Chinese and Japanese women when
compared to White women [79-81].

Mineral Metabolism

Important racial and ethnic differences are seen in vitamin D
metabolism [82e], along with variations in sun exposure and
supplement use [83, 84]. In the Multi-Ethnic Study of Ath-
erosclerosis (MESA), community-dwelling Chinese adults
had 250H-vitamin D levels that were lower than NHW
adults, similar to Hispanic adults, and higher than Black
adults [82e]. Increased prevalence of vitamin D deficiency
has been reported in some but not all US Asian subgroups
compared to NHW adults [85-88], although Filipino adults
are less likely than East Asian adults to have low 250H-
vitamin D levels [83, 87]. As a group, Asian adults with
vitamin D deficiency are less likely than NHW adults to
achieve successful repletion after initial pharmacologic
therapy [89]. Serum vitamin D levels also depend on bind-
ing protein levels, which are diverse. Despite widespread
interest in vitamin D, there is insufficient data about the opti-
mal vitamin D level for adults of Asian race. Asian subjects
(1.5%) were under-represented in the recent large Vitamin
D and Omega-3 Trial (VITAL) of vitamin D [90]. Few stud-
ies have examined cultural variation in diet and relation to
fracture risk among the Asian diasporas. Traditional diets in
many Asian countries are low in calcium [91], but calcium
intake among Asian Americans may be higher, with varia-
tion by subgroup and generational status [92e].
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Bone Remodeling

Multiple studies from China, Japan, and Singapore confirm a
positive relationship between bone turnover markers and risk
of fracture [93-95]. In the SWAN study, increases in the bone
resorption marker urinary crosslinked N-telopeptide of type I
collagen (NTX) across the menopause transition were greatest
for Japanese followed by Chinese women compared to White
women, but ethnic differences were attenuated after adjusting
for BMI and other covariates [96]. These findings extend ear-
lier observations that ethnic variation in perimenopausal bone
loss appear to be largely attributable to differences in body
weight [45, 96]. The SWAN study also found that pre- and
early perimenopausal levels of serum osteocalcin, a bone for-
mation marker, were lower in Chinese and Japanese women
compared to White women [97, 98]. Serum sclerostin, a pro-
tein that inhibits osteoblast differentiation and bone formation,
has been associated with hip fracture risk in White women
[99], but levels do not appear to differ between White and
Chinese women and are not associated with volumetric BMD
or microarchitecture [100]. To our knowledge, no studies in
the US have examined bone biopsies in a population of Asian
adults to directly measure their bone turnover rates.

Fracture Epidemiology
Hip Fracture

Epidemiologic research over four decades consistently demon-
strate much lower hip fracture incidence among US Asian com-
pared to NHW adults [17,18,19,20e,21,40,101,102,103]. These
reports are summarized in a recent comprehensive review by
Noel and colleagues [11ee]. However, the Asian population
has been largely studied in aggregate [11ee], with or without
inclusion of Native Hawaiian/PI adults, comprising <7% of the
Asian/PI population [7]. Overall, among older US Asian adults,
hip fracture rates have generally ranged about 35-65% lower
than in NHW adults, varying by sex, ethnicity, and era.

Few studies have compared hip fracture incidence among
US Asian subgroups. Table 1 summarizes the existing US
studies that have reported on fracture outcomes among one or
more Asian subgroups. In an early study of East Asian adults
using 1992 US Medicare data, sex-specific hip fracture inci-
dence was higher for Japanese and Korean adults compared
to Chinese adults, with all three groups generally lower than
White adults [17]. The standardized fracture ratios relative
to White women/men were 0.30/0.42 for Chinese, 0.73/0.58
for Japanese, and 0.53/0.91 for Korean adults, respectively
[17]. In a more contemporary population of northern Cali-
fornia adults aged > 50 years in an integrated healthcare sys-
tem, age-adjusted hip fracture incidence ratios for Asian/PI
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compared to NHW adults were 0.45 for women and 0.34 for
men, with heterogeneity by Asian subgroup [20e]. Compared
to Chinese women, hip fracture incidence was lower for Fil-
ipina and higher for Japanese and South Asian women, and
compared to Chinese men, fracture incidence was similar for
Filipino and Japanese but higher for South Asian men [20e].
The corresponding hip fracture incidence rate ratios compared
to NHW women/men were: 0.45/0.35 for Chinese, 0.64/0.39
for Japanese, 0.37/0.32 for Filipino, and 0.56/0.55 for South
Asian adults among the four major Asian subgroups examined
[20e].

Several factors may explain the lower risk of hip fracture in
Asian populations, including differences in hip geometry and
other bone structure or strength indices that confer additional
skeletal advantages (as previously discussed). Lower stature
and weight may result in less impact during ground level
falls, reducing the likelihood of fracture [67]. Other health
or lifestyle factors such as balance, physical mobility, nutri-
tion, diet, smoking, alcohol intake, and clinical factors [59]
that differ by race and ethnicity may also contribute, despite
the lower weight and lower BMI typically observed in Asian
adults [39, 71, 104, 105]. The risk of falls also differs by race
and ethnicity; several studies report that US Asian women are
one-third less likely to have > 1 or > 2 falls within the past year
compared to NHW women [106, 107], although subgroup dif-
ferences have not been studied. Anthropometric differences
include higher BMI among Filipino adults and recent trends
in younger populations also suggest that BMI is higher among
Japanese and South Asian adults compared to Chinese, Viet-
namese, and other Southeast Asian adults [71, 104, 105].

Other Major Osteoporotic Fracture

Fewer studies have examined humerus and wrist fractures
in US Asian populations, and findings for Asian subgroups
remain sparse (Table 1). In a study using 2000-2005 Medi-
care claims data, the fracture incidence ratio comparing
Asian to White adults was 0.63 for distal radius or ulna frac-
ture and 0.52 for humerus fracture, adjusting for age, sex,
and other factors [19]. Differences between Asian men and
women were not characterized, but in the same population,
the fracture incidence ratio for hip fracture was 0.61 [19].
Among older South Asian women and age-matched Chi-
nese and NHW women in an integrated Northern California
healthcare system, Khandelwal et al. observed that South
Asian women had a higher incidence and relative rate of wrist
fracture compared to Chinese women, with rates approach-
ing that of NHW women [38]. In a much larger and more
contemporary population of Asian adults age > 50 years from
the same Northern California healthcare system (Table 1),
Lo and colleagues observed that wrist fracture rates were
lower for Filipino compared to Chinese adults, but higher for
Japanese women and South Asian adults, with South Asian

men not significantly different from NHW men [48e]. The
age-adjusted wrist fracture incidence rate ratios compared to
NHW women/men were: 0.62/0.68 for Chinese, 0.82/0.75
for Japanese, 0.27/0.42 for Filipino, and 0.76/0.90 for South
Asian adults, respectively [48e]. In this same study, proxi-
mal humerus fracture rates also varied but were lower than
NHW adults, except for South Asian men where differences
did not reach statistical significance; the incidence rate ratios
compared to NHW women/men were: 0.40/0.35 for Chinese,
0.56/0.50 for Japanese, 0.30/0.25 for Filipino, and 0.41/0.79
for South Asian adults [48e]. These results highlight differ-
ences in upper extremity fracture incidence by Asian ethnic-
ity, lower for Filipino and higher for selected Japanese and
South Asian subsets, depending on the skeletal site and sex
[48e]. In addition, findings from the SWAN study suggest
that ethnic patterns in fracture risk further differ for the out-
come of any clinical fracture [46].

Studies from countries in Asia suggest that vertebral frac-
ture prevalence and incidence are high in older Asian adults,
but methodologic approaches vary, including methods for
morphometric ascertainment [108—110]. To our knowledge,
there are no data comparing vertebral fracture incidence and
risk among US Asian subgroups, and the vertebral fracture
incidence ratios comparing US Asian and Asian subgroups
to NHW adults remain somewhat uncertain.

Atypical Femur Fracture

Atypical femur fractures (AFF) are an uncommon complica-
tion of potent antiresorptive therapy, first reported with bis-
phosphonate drugs [29-33, 111]. Prolonged suppression of
bone turnover coupled with impaired micro-crack repair in
areas of higher mechanical stress are hypothesized to pre-
dispose susceptible patients to AFF [30, 112, 113]. The risk
of AFF is evident after three years of bisphosphonate treat-
ment [114], increases substantially with treatment duration
[27e¢,113, 115], and varies by race and ethnicity. Nota-
bly, fivefold to sixfold greater risk is observed in US Asian
women [15¢,26,27e¢]. Two independent California popula-
tions of primarily women who received bisphosphonate ther-
apy (13-17% Asian) demonstrate an age-adjusted incidence
of AFF ranging from 2-3 per 100,000 person-years for < 2
years treatment to 112—113 per 100,000 person-years for >
8 years [113, 115]. Among women with any bisphosphonate
use, Black et al. reported ninefold and 43-fold higher risk of
AFF after 3-5 years and > 8 years of treatment, respectively,
compared to <3 months [27ee]. The risk of AFF appears to
decline rapidly following bisphosphonate cessation [27ee,116].
Atypical femur fracture can occur with denosumab, but the
additional risk associated with Asian race has not been well
characterized.

The mechanisms underlying the increased risk of AFF in
Asian women with bisphosphonate exposure have not been
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clearly elucidated. Although BMD may be associated with AFF
location in the diaphyseal femur [117], the risk of AFF appears
to be independent of hip BMD [26, 27e]. One hypothesis is
that differences in femur geometry and greater femur bowing in
Asian populations result in biomechanical forces that predispose
to peak tensile stress and formation of (atypical) stress fractures
[15e¢,26,117,118,119,120,121,122]. This could explain the fre-
quent symmetric bilaterality of AFF findings (incomplete AFF
or stress reaction in the contralateral femur in a patient with
complete AFF). A recent Australian study examined women
with typical femur fracture and those with AFF and found that
Asian ethnicity remained a strong independent predictor of AFF
after accounting for differences in femur geometry [123e]. How-
ever, AFF risk has not been examined in prospective cohorts
with respect to measures of femur geometry [122], bone turno-
ver [124], and genetic factors [125].

In Asian women receiving bisphosphonate therapy, the
risk benefit considerations currently favor inclusion of drug
holidays to limit the duration uninterrupted therapy beyond
five years. After three years of treatment for Asian women,
Black et al. estimated that 91 hip fractures and 330 clinical
fractures would be prevented compared to 8 AFF events,
whereas this difference narrowed to 360 hip fractures and
831 clinical fractures prevented compared to 236 AFF events
after ten years of treatment [27ee]. These projections opti-
mistically assumed that the benefit of bisphosphonate ther-
apy beyond five years is the same as during the first three
years, and that the fracture reduction in Asian women is the
same as in NHW women [126]. However, the efficacy of
neither short nor long-term bisphosphonate therapy has been
examined in US Asian women, a population with lower hip
fracture risk than NHW women and one scarcely represented
in the major US osteoporosis clinical trials [127-130].

Fracture Risk Assessment

Although BMD-based treatment recommendations
(T-score <-2.5, NHW reference) do not account for racial and
ethnic differences in fracture risk, the fracture risk assessment
tool FRAX (https://frax.shef.ac.uk/FRAX/) currently considers
the lower population fracture risk in Asian adults by including
a calibration factor [131] for the US Asian FRAX (0.50 for
women, 0.64 for men). These estimates are based on epidemio-
logic studies demonstrating lower hip fracture incidence among
US Asian compared to White adults [17, 101, 102], thereby
reducing potential over-estimation of fracture risk which is
relevant for populations with lower BMD and lower fracture
incidence. The Canadian FRAX does not account for Asian race
and can overestimate their fracture risk [132¢]. While ongoing
refinement of FRAX is expected [133, 134], including new risk
factors and efforts to examine FRAX and the efficacy of inter-
vention [135], studies examining how fracture risk prediction
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can be optimized for US Asian subgroups and accounting for
factors such as length of residence in the US are likely to be
relevant [136, 137]. Data also suggest there are first immigrant
and generational effects on skeletal health [41, 137, 138]. Preva-
lent comorbidities should also be studied; for instance, diabetes
has been identified as a rheumatoid arthritis risk equivalent in
FRAX based on studies conducted in primarily White popula-
tions [139, 140]. On a much larger scale, an updated version of
FRAX is planned, that will be informed by pooling multiple
large and diverse prospective cohorts with baseline risk factor
assessment and fracture outcomes, where ethnicity-specific dif-
ferences will also be examined [141ee].

In the meantime, clinicians should be aware that fracture risk
may differ amongst Asian ethnicities due to unmeasured risk
factors and this should be considered when interpreting FRAX
scores calculated under the umbrella of “US Asian”. While data
informing major osteoporotic fracture risk for US Asian sub-
groups remain sparse, some evidence points to greater differ-
ences among Asian subgroups at other skeletal sites beyond hip
fracture, including differences among East Asian adults [48e].
South Asian adults, especially men, may have upper extrem-
ity fracture incidence rates closer to the NHW population [38,
48e] and some propose that the US Caucasian FRAX is more
appropriate for assessing major osteoporotic fracture risk in
South Asian men [142]. As we strive for greater health equity
in research and clinical practice, the question remains how
the known heterogeneity among US Asians can be addressed
through FRAX and similar fracture risk calculators, in order to
unmask meaningful differences in clinical outcomes.

For first generation adult immigrants, the native country FRAX
calculator has been considered [143, 144], but this has not been
studied for Asian adults in the US and may yield conflicting guid-
ance for Chinese immigrants from highly industrialized regions in
Asia (Taiwan, Hong Kong, and Singapore); their country-region
FRAX scores for hip fracture risk are much higher than the US
Asian, China, and US Caucasian FRAX scores for the same clini-
cal profile [136, 145] and country-specific intervention thresholds
may differ [146]. As the US Asian population ages, there may be
further bone health differences among US native-born, foreign-
born acculturated, and foreign-born adult immigrant populations
that warrant consideration, including the role of biology and
social, behavioral, and cultural factors [147—-149].

Treatment Considerations

What Does Guideline Concordant Care Look Like
for the Asian Woman?

Currently, guideline [59] concordant care in the US results
in the treatment of Asian women aged 65—70 years with
areal BMD T-score <-2.5 and no prior fracture or other
risk factors. The vast majority of these women have
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discordant BMD- and FRAX-based treatment indication
that is generally not seen for NHW female counterparts
(Table 2). Key questions are whether FRAX, which is clin-
ically used for BMD T-score between -1.0 and -2.5 [59],
can help risk stratify postmenopausal Asian women under
age 70 years with no risk factors except T-score <-2.5,
and whether alternative T-score thresholds might address
the lower areal BMD in Asian women with short stature.
These questions target the concern of potential overtreat-
ment of Asian women who are otherwise at lower fracture
risk except for their BMD categorization [12].

Bisphosphonate Dosing and Drug Holidays

When bisphosphonates were first approved for osteoporo-
sis, guidelines recommended treatment at an areal BMD
T-score <-2.0 or when the T-score was <-1.5 with risk fac-
tors which could include body weight < 127 pounds [150];
in an early era, low body weight was also an osteoporosis
screening indication [52]. This may have resulted in dispro-
portionate unnecessary treatment of postmenopausal Asian
women undergoing BMD testing. As BMD testing now

targets all women aged 65-75 years [151], more evidence-
based guidance is needed for primary fracture prevention
among Asian women.

The majority of postmenopausal women receiving osteo-
porosis therapy are treated with bisphosphonate drugs. In
NHW women, there is strong clinical trial efficacy data for
the first three years. However, over time, prolonged inhibition
of bone remodeling may compromise bone micromechanical
properties [152, 153] and over-suppression of bone turnover
may predispose to AFF. An important area lacking evidence
is the bone turnover rate in Asian women and the degree
to which bisphosphonate treatment suppresses their bone
formation. While drug holidays are now considered after
five years of treatment [154], future trials should examine
whether earlier drug holidays (e.g., temporary cessation after
three years therapy) might result in similar efficacy while
limiting the initial length of uninterrupted treatment. Lower
dosing regimens have been proposed, based on early com-
parability of standard and lower oral bisphosphonate dose
for fracture prevention [153]. In Japan, the approved alen-
dronate dose for osteoporosis is lower at 5 mg/day [155].
Randomized clinical trial data demonstrate that 5 mg of

Table2 Large discordance in osteoporosis treatment indication is evident for US Asian women aged 65-70 years old with femoral neck
T-score <-2.5 and no other clinical risk factors compared to non-Hispanic White women with the same clinical profile

10-year risk of hip fracture estimated by FRAX* for women with femoral neck BMD T-score < -2.5 and no clinical risk factors
120 pounds, 62 inches Non-Hispanic White Women (US Caucasian FRAX) US Asian Women (US Asian FRAX)
Age (years) T-25 | T-26 | T-27 | T-28 | T-29 | T-3.0 T-25 | T-26 | T-27 | T-28 | T-29 | T-3.0
65 2.7 3.1 34 3.8 4.2 4.7 1.5 1.7 1.9 21 24 2.6
66 2.9 3.2 3.6 4.0 4.4 4.9 1.6 1.8 2.0 22 25 2.8
67 3.1 34 3.8 4.2 4.7 52 1.7 1.9 21 24 2.6 2.9
68 S5 3.6 4.0 4.5 4.9 5.5 1.9 21 23 25 2.8 3.1
69 3.5 3.9 4.3 4.7 5.2 5.8 2.0 22 24 2.7 3.0 3.3
70 3.7 4.1 4.5 5.0 5.5 6.1 2.1 2.3 2.6 2.8 3.1 BI5
71 4.0 4.4 4.8 5.3 5.8 6.4 23 25 2.8 3.0 3.3 3.7
72 4.2 4.7 5.1 5.6 6.2 6.8 24 2.7 29 3.2 3.6 3.9
73 4.5 5.0 5o 6.0 6.6 7.2 26 29 3.2 BI5 3.8 4.2
74 4.8 5.3 5.8 6.3 6.9 7.6 2.8 3.1 3.4 3.7 4.1 4.5
75 52 5.6 6.2 6.7 7.3 8.0 3.0 3.3 3.6 4.0 4.3 4.7
Shaded areas indicate when the treatment threshold of 23% for FRAX-calculated 10-year risk of hip fracture is reached or exceeded.
*The FRAX scores for 10-year risk of hip fracture are calculated using the FRAX Tool: https:/frax.shef.ac.uk/FRAX/ (web version 4.3)

Shaded areas indicate when the Bone Health and Osteoporosis Foundation (BHOF) treatment threshold of >3% for FRAX-calculated 10-year
risk of hip fracture is reached or exceeded, evident for most non-Hispanic White women aged > 65 years with BMD T-score <-2.5 (non-Hispanic
White reference) and with no other clinical risk factors (body mass index 21.9 kg/m?).

*The FRAX scores for 10-year risk of hip fracture are calculated using the FRAX Tool: https://frax.shef.ac.uk/FRAX/ (web version 4.3)
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zoledronate given at wider 18-month intervals over six years
reduces the risk of both nonvertebral and vertebral fractures
in women with osteopenia [156ee]. Furthermore, a single
dose of 5 mg zoledronate resulted in an increase in spine and
hip BMD that persisted for five years and then returned to
baseline after nine years [157e¢]. Zoledronate doses as low as
1 mg at baseline result in higher BMD compared to placebo
four years later [157ee]. These findings support efforts to
limit the bisphosphonate dose and dosing frequency, which
may be especially relevant for Asian women with smaller
body size. Finally, studies examining baseline bone turnover
and fracture efficacy of osteoporosis drugs in Asian adults
may inform individualized treatment considerations.

Conclusion

Despite substantial advances in our understanding of bone
fragility and fracture risk, there are serious knowledge gaps
concerning skeletal health in US Asian adults. More research
is needed to inform fracture prevention care of this diverse
and heterogeneous population that generally has lower areal
BMD, yet lower risk of hip fracture, and important differ-
ences by ethnicity, sex, and fracture site. The most critical
knowledge gaps concern primary fracture prevention, risk
benefit treatment considerations, and counseling of fracture
risk, where data pertaining to the association of areal BMD,
clinical risk factors, and fracture outcome are lacking for the
Asian population and especially for Asian ethnic subgroups.
Future studies should target high risk fracture sites, refine-
ment of fracture risk assessment tools, safety and efficacy of
osteoporosis medications, evidence-based guidance regard-
ing treatment, and approaches to optimizing the benefit to
risk ratio of pharmacologic therapy in this population.
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