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Abstract Introduction: While osteoporosis is common
among women of Chinese descent, a readily available
bone mineral density (BMD) referent database for Chinese
American women does not exist. Fracture risk among this
population is currently assessed using a Caucasian
reference as well as diagnostic criteria for osteoporosis
developed for postmenopausal Caucasian women. Many
studies indicate that there are important racial differences
in skeletal health and fracture risk, an observation that
makes the application of Caucasian data to all groups
problematical. This study was undertaken to establish a
BMD referent database in Chinese American women and
to compare it with a Caucasian female database. It is
expected that a race-specific database will be useful in the
assessment of bone health for Chinese American women.

Methods: Healthy Chinese American women (n=359),
ages 20–90, were recruited. Along with dual-energy X-ray
absorptiometry (DXA) of the total hip and lumbar spine,
demographic, medical, familial, nutritional, and behavioral
data were obtained. The mean and standard deviation for
BMD at each site was calculated for each 10-year age
group and compared to mean BMD values for Caucasian
women supplied as found in the Hologic DXA instrument.
Osteoporosis diagnosis rates for this cohort, calculated
with the Caucasian and newly established Chinese Amer-
ican BMD referent values, were compared with each other.
Results: Compared with Caucasian women, Chinese
American women have significantly lower BMD at the
lumbar spine, total hip, and femoral neck across a wide
spectrum of age groups. As a consequence, more than one-
half of Chinese American women ≥50 years of age, who
would be characterized as osteoporotic using a Caucasian
referent, would not be diagnosed as such if a Chinese
American referent were utilized. Conclusion: Chinese
American reference BMD values are significantly lower
than those for Caucasian women. Future studies relating
Chinese American BMD values to fracture risk are
necessary in order to determine if ethnic database-derived
T-scores would be more predictive of fracture risk and to
develop meaningful diagnostic criteria for this population.
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Introduction

Osteoporosis is characterized by compromised bone
strength predisposing to an increased risk of fracture [1].
Bone mineral density (BMD), measured by bone densi-
tometry, can establish the diagnosis of osteoporosis before
the first fracture has occurred. BMD, a key determinant of
bone strength, predicts fracture risk in a powerful manner.
In the Caucasian postmenopausal population, for every
standard deviation (SD) reduction in BMD, fracture risk is
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approximately doubled [2]. It is this relationship along with
life-time fracture risk data among postmenopausal Cauca-
sian women that led theWorld Health Organization (WHO)
to define the criterion for osteoporosis as a BMD≥2.5 SD
below the young normal mean for Caucasian women.
Although osteoporosis is common among postmenopausal
Caucasian women, it is not infrequent among non-
Caucasian races, particularly Chinese women [3–6].
Recent studies suggest that as many as 88 million Chinese
individuals in China may have osteoporosis [7]. Chinese
Americans are also a growing population at risk for
osteoporosis. The US Census Bureau estimates that by the
year 2050, one-tenth of the US population will be of Asian
descent, many of them, Chinese American [8, 9]. Osteo-
porosis is clearly an important public health problem
among Chinese women living in the US, yet a relevant
BMD referent database as well as diagnostic and treatment
guidelines, based upon epidemiologic data for this popu-
lation, are lacking.

Although the WHO densitometric definition of osteo-
porosis only strictly pertains to postmenopausal Caucasian
women, it has been assumed by clinicians, due to lack of
adequate prospective data, that the quantitative relationship
between bone density and fracture risk, so well established
for the group studied [2], can also be applied to non-
Caucasian populations and to men. Thus, the densitometric
definition of osteoporosis and treatment guidelines de-
signed for Caucasians have been utilized for non-
Caucasian races and for men without direct evidence
[10–13]. Based upon data that are currently available, it is
becoming increasingly apparent that there are clear racial
differences in assigning fracture risk to a given BMD
measurement.

For example, a number of studies have shown
consistently that Chinese women have lower areal BMD
(in grams per square centimeter) than Caucasian women
[14–16]. Prospective studies in Asia and the United States
suggest that, despite a lower bone density, Asian women
actually have a significantly lower rate of hip fracture than
Caucasian women [17–19], while vertebral fracture rate is
only slightly lower [20]. This observation implies that the
quantitative relationship between BMD and fracture risk
may differ for Caucasian and Chinese women. This
possibility is supported by data from the National Osteo-
porosis and Risk Assessment (NORA) study, a large
epidemiological survey of postmenopausal women in the
United States. In the NORA study, relative risk of fracture
per standard deviation decrease in bone density (RR/SD) as
measured by ultrasound was compared among multiple US
ethnic groups, using the Caucasian female referent
database [13]. While the RR/SD for fracture was similar
among US Caucasians, Hispanics, and Native-Americans,
it was distinctly lower for Asian Americans and African
Americans. These findings make the application of the
WHO diagnostic and treatment guidelines to Chinese
Americans problematical. At the present time it is not clear
what T-score value should be used to describe the Chinese
American population at significant risk for fracture. These
findings also underscore the need for further prospective

studies to elucidate the BMD/fracture risk relationship in
different ethnic populations so that applicable diagnostic
and treatment guidelines for non-Caucasian races may be
established.

Because of the lack of data relating BMD to fracture risk
for many ethnicities, there is also confusion about which
referent database to use for different races [10]. Some
investigators advocate a single Caucasian referent standard
to which all racial groups and even both sexes should be
related [21]. Others argue that because of inherent differ-
ences in skeletal qualities among races and the sexes,
separate referent databases should be established with
which race- and sex-specific risk can be determined. While
BMD referent databases have been created for African
Americans and Hispanic Americans, no such database
exists for Asian Americans or any Asian American
subgroup. Local BMD reference databases have been
created for Asian populations living in Asia [14–16, 22].
However, just as fracture risk assessment in Asian
Americans using a Caucasian database is problematical,
the evaluation of Asian Americans using a native Asian
database is equally challenging; environmental factors and
acculturation are likely to cause differences in BMD and
fracture risk, even in individuals of the same or similar
genetic backgrounds [23]. While it is not yet clear whether
an ethnic database derived T-score would be more
predictive of fracture risk for a Chinese American
individual nor what T-score would define the population
at significant risk, the creation of a Chinese American
BMD referent database represents the first step toward
further delineating this information. The aim of this study
was to establish a BMD referent database in healthy,
Chinese American women and to compare it with the
Caucasian female database in order to examine BMD
differences.

Materials and methods

Database subjects

All patients gave written, informed consent. This study was
approved by the Institutional Review Boards of Columbia
University Medical Center and New York Downtown
Hospital. Subjects were recruited from New York City’s
Chinatown through physician referrals, by fliers, and at
community centers, health fairs, churches, and schools.
Women were screened for conditions or medications
known to affect bone metabolism. A total of 359 healthy
Chinese American women were enrolled from November
2002 to November 2004. Inclusion criteria were full
Chinese descent (all four grandparents Chinese), female
sex, age 20–90 years, and current residence in the United
States. We included women born both in the United States
and abroad. Exclusion criteria were bilateral hip replace-
ment, ankylosing spondylitis, low trauma fracture, primary
hyperparathyroidism, hyperthyroidism, hyperprolactin-
emia, current pregnancy, bilateral oophorectomy, amenor-
rhea ≥6 months before age 40 except during pregnancy or
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lactation, kidney or liver disease, organ transplantation,
Paget disease, residence in a nursing home, malabsorption,
a history of cancer, current or past glucocorticoid usage ≥6
months, current use of estrogen replacement, history
of immunosuppressant, anti-epileptic, bisphosphonate,
SERM, and calcitonin or teriparatide usage. Oral (combi-
nation estrogen/progesterone) contraceptive use was not an
exclusion criterion as it does not appear to significantly
affect bone mineral density among normally menstruating
premenopausal women [24].

Questionnaire

All participants were interviewed by a research assistant
fluent in three Chinese dialects that encompassed the entire
language set of the study population. We requested
information regarding birth country, age of emigration,
calcium intake, lactose intolerance, physical activity,
gynecologic and reproductive history, attitudes toward
hormone replacement and osteoporosis treatment, falls
during the previous year, difficulty with activities of daily
living, fracture history, living environment, sun exposure,
vision, tobacco and alcohol use, medical problems, and
surgical as well as medication history.

The amount of dietary calcium was assessed by an
investigator-developed food frequency questionnaire
(FFQ) modified after Pun’s 24-item FFQ for calcium
assessment in Hong Kong Chinese [25]. Because neither a
calcium-specific FFQ developed for native Chinese
populations or those developed for the general US
population is directly applicable to the hybrid Chinese
American diet, we added seven additional items to the
original FFQ of Pun. Pilot testing of this FFQ among a
sampled subset of Chinese American women revealed a
good 1-month reproducibility [Spearman rank correlation
coefficient (rs) = 0.72, intraclass correlation coefficient
(ICC)=0.71]. There was also good agreement between the
FFQ and a food diary (ICC=0.66).

Physical activity was evaluated using Paffenbarger’s
physical activity questionnaire that quantifies the number
of kilocalories expended per week in sports, leisure, and
recreational activities [26, 27].

Physical examination

Weight and height were measured by a balance beam and a
wall-mounted, calibrated Harpenden stadiometer, respectively.

Bone densitometry

Bone density was measured at the lumbar spine (L1–L4)
and total hip using dual energy x-ray absorptiometry
(QDR 4500C, Hologic, Waltham, Mass.). Scans were
performed at the New York Downtown Family Care Center
by two experienced technicians certified by the Interna-
tional Society for Clinical Densitometry. Each participant

was measured on the same densitometer utilizing the same
software and scan speed. The instrument was calibrated
with reference spine and hip phantoms with anatomically
correct contours (Hologic) to read BMD to within 1%. The
reference phantoms (Hologic) are re-scanned at 6-month
intervals. Additional quality control procedures include
daily scanning of a Hologic phantom. In vivo precision,
determined according to a standard method [28], at this
facility is 1.28% at the lumbar spine and 1.36% at the hip.
Our reproducibility using a spine phantom is 0.51%. Scans
were reviewed for technical artifacts. Lumbar spine
vertebral images were inspected visually for focal struc-
tural abnormalities such as degenerative changes, sclerosis,
fracture, surgery, overlying metal, or calcium pills. All such

Table 1 Baseline characteristics of Chinese American women

Variablea Baseline characteristicsb (n=359)

BMI (kg/m2) 23.1±0.2
Height (cm) 155.9±0.3
Weight (kg) 56.1±0.5
Age at menarche (years) 13.6±0.1
Age at menopause (years) 50±0.4
Pregnancies (no.) 2.3±0.1
OCP use (%) 26.5
OCP duration (years) 0.7±0.1
Current smokers (%) 3.9
Pack-years among smokers 1.5±1.1
ETOH use 34.4%
ETOH intake among drinkers
(gm/week)

4.9±0.9

Daily dietary calcium intake (mg) 612±17
Weekly exercise 75%
Kcal/week expended in exercise 1753±79
Foreign born (%) 94.4
Age of emigration (years) 29.7±0.9
Years in United States 14.9±0.6
aBMI, Body mass index; OCP, oral contraceptive pill; ETOH,
alcohol;
bAll values represent mean±SEM
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vertebrae were excluded. Vertebrae for which the elevated
bone mineral densities were artifactual (T-score >1 SD
from other vertebrae) were excluded.

Statistical analysis

SAS statistical software (SAS, Cary, N.C.) was used for the
analysis. Demographic, dietary, gynecologic, reproductive,
medical, and lifestyle factors for the cohort were described
using summary statistics. Age-related BMD changes at
various sites among the Chinese American population were

examined by plotting age versus BMD (in grams per square
centimeter). Various polynomial regression models, in-
cluding linear, logarithmic, quadratic, cubic, and power
models, were fit to the data and compared using Aikaike’s
Information Criterion (AIC) [29]. The simplest model
which significantly improved the fit to the data was
selected, according to Hologic’s protocol for establishing
local reference databases [30]. Subjects were then stratified
by age according to decade. The mean and SD for BMD at
the lumbar spine (LS), total hip (TH), femoral neck (FN),
trochanter, intertrochanter, and Ward’s triangle were
calculated for each 10-year age group. Scans with BMD

Fig. 2 Age-related changes in BMD at skeletal sites in Chinese American women

Table 2 Polynomial regression equations and coefficients of determination ®2) for BMD at various sites

Site Polynomial regression equationa R2 p-valueb

Anteroposterior spine BMD=0.3551+0.0478(age)−0.001(age)2+0.000006(age)3 0.3194 <0.001
Total hip BMD=0.7187+0.0147(age)−0.0003(age)2+0.000002(age)3 0.1975 <0.001
Femoral neck BMD=0.7973+0.018(age)−0.000005(age)2 0.3007 <0.001
Trochanter BMD=0.5052+0.0136(age)−0.0003(age)2+0.000002(age)3 0.2431 <0.001
Intertrochanter BMD=0.8533+0.0177(age)−0.0004(age)2+0.000002(age)3 0.1552 <0.001
Ward’s triangle BMD=0.5475+0.0197(age)−0.0005(age)2+0.000003(age)3 0.4576 <0.001
aBMD, Bone mineral density (expressed in grams per square centimeter)
bp-value for model. All parameter estimates test significantly different from zero with p-values less than 0.10
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values >2 SD from the decade’s mean were evaluated for
technical difficulty. Scans with BMD values >3 SD from
the decade’s mean were excluded from the database. Peak
adult bone mass was defined as the mean BMD of the age
group with the highest mean BMD value [30]. Mean BMD
for each decade at all sites was compared to mean values
for Caucasian women provided in the Caucasian databases
supplied by the manufacturer of the densitometer using
Student’s t-test. T-scores were calculated using Caucasian
BMD means and standard deviations as well as our newly
established Chinese American cohort’s BMD means and

standard deviations with the following equation: T-score=
(BMDsubject−Peak BMD)/SDpeak. A T-score of ≤−2.5 was
used as the cutoff value in the diagnosis of osteoporosis; a
T-score between −1 and −2.5 was diagnostic of low bone
mass (osteopenia); a T-score ≥−1 was considered normal.
(We acknowledge that the WHO guidelines may not be
applicable to this population, but they remain the most
widely accepted and useful diagnostic guidelines avail-
able). Osteoporosis diagnosis rates, calculated with the
Chinese American and Caucasian referent values, were
compared using Fisher’s Exact test.

Table 3 Comparison of mean spine, total hip and femoral neck BMD by decade: Chinese American versus Caucasian women

Age n Chinese American mean BMD (g/cm2) SD Hologic Caucasian mean BMD (g/cm2) SD Difference (%) p- value

Lumbar spine
20–29 79 0.994a 0.11 1.019 0.11 −0.025 (−2.45%) 0.18
30–39 80 1.012b 0.10 1.047 0.11 −0.035 (−3.34%) 0.05
40–49 79 1.013c 0.13 1.024 0.11 −0.011 (−1.07%) 0.58
50–59 42 0.888d 0.14 0.967 0.11 −0.079 (−8.17%) 0.002
60–69 41 0.813e 0.11 0.892 0.11 −0.079 (−8.86%) <0.001
70–79 28 0.810f 0.16 0.815 0.11 −0.005 (−0.61%) 0.87
80–89 9 0.790g 0.10 0.752 0.11 0.038 (5.05%) 0.33
Total hip
20–29 79 0.902a 0.11 0.942 0.12 −0.04 (−4.25%) 0.05
30–39 80 0.897b 0.10 0.939 0.12 −0.042 (−4.47%) 0.03
40–49 79 0.907c 0.13 0.922 0.12 −0.015 (−1.63%) 0.47
50–59 42 0.811h 0.12 0.886 0.12 −0.075 (−8.47%) 0.003
60–69 41 0.781i 0.10 0.827 0.12 −0.046 (−5.56%) 0.05
70–79 28 0.753j 0.12 0.759 0.12 −0.006 (−0.79%) 0.84
80–89 9 0.724k 0.14 0.691 0.12 0.033 (4.56%) 0.46
Femoral neck
20–29 79 0.797a 0.11 0.849 0.11 −0.052 (−6.12%) 0.006
30–39 80 0.787b 0.10 0.831 0.11 −0.044 (−5.29%) 0.02
40–49 80 0.778c 0.11 0.803 0.11 −0.025 (−3.11%) 0.17
50–59 42 0.705d 0.10 0.732 0.11 −0.027 (−3.69%) 0.21
60–69 41 0.654i 0.08 0.682 0.11 −0.028 (−4.11%) 0.17
70–79 28 0.599m 0.10 0.618 0.11 −0.019 (−3.07%) 0.43
80–89 9 0.597g 0.10 0.569 0.11 0.028 (4.69%) 0.47
Trochanter
20–29 79 0.681a 0.09 0.703 0.10 −0.022 (−3.13%) 0.20
30–39 80 0.661b 0.09 0.703 0.10 −0.042 (−5.97%) 0.02
40–49 80 0.684c 0.09 0.681 0.10 0.003 (0.44%) 0.98
50–59 42 0.598h 0.10 0.635 0.10 −0.037 (−5.83%) 0.10
60–69 41 0.562i 0.08 0.594 0.10 −0.032 (−5.39%) 0.10
70–79 28 0.536f 0.10 0.546 0.10 −0.010 (−1.83%) 0.67
80–89 9 0.511g 0.11 0.504 0.10 0.007 (1.39%) 0.86
Intertrochanter
20–29 79 1.072a 0.13 1.086 0.16 −0.014 (−1.29%) 0.58
30–39 80 1.065b 0.12 1.100 0.16 −0.035 (−3.18%) 0.17
40–49 80 1.086c 0.14 1.077 0.16 0.009 (0.84%) 0.73
50–59 42 0.969n 0.14 1.032 0.16 −0.063 (−6.10%) 0.05
60–69 41 0.939i 0.11 0.952 0.16 −0.013 (−1.37%) 0.64
70–79 28 0.928j 0.15 0.860 0.16 0.068 (7.91%) 0.07
80–89 9 0.900k 0.18 0.776 0.16 0.124 (15.98%) 0.07
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Results

The database was compiled from BMD values of 359
Chinese American women varying in age from 20 to
90 years. Baseline characteristics of this cohort are shown
in Table 1. On average, BMI was normal (23.1±0.2)
[mean ± standard error of the mean (SEM)], but ranged
from 17 to 39. In general, this cohort engaged in bone
healthy behaviors. Only 3.9% of participants were current
smokers, and the mean number of pack-years among
smokers was low (1.5±1.1). Thirty-four percent of subjects
drank alcohol, but weekly intake was minimal (4.9±0.9 gm/
week). Seventy-five percent stated that they participated in
weekly exercise, and mean exercise energy expenditure
(including walking) was high (1753±79 kcal/week). Daily
dietary calcium intake was 612±17 mg. A maternal history
of osteoporosis was present in 5.6% of patients, while
59.9% reported no maternal history of osteoporosis, and
34.5% did not know their family history. A maternal history
of hip fracture was present in 6.7% of patients; there was no
maternal history of hip fracture in 55.7%, while the family
history was unknown in 37.6%. Birth country for
participants in this cohort is shown in Fig. 1. Only 5.6%
were born in the United States. Of those born abroad, the
majority were born in mainland China (60.7%), followed
in frequency by Hong Kong (17.3%) and Malaysia (7%).
The preponderance of subjects from mainland China
emigrated from Southeast China. Mean age of emigration
was 29.7±0.9 years, and mean duration of residence in the
United States was 14.9±0.6 years.

Figure 2 depicts age-related changes in BMD and
regression curves at various skeletal sites for the Chinese
American cohort. Table 2 displays the polynomial regres-
sion equations that describe the relationship between age
and BMD at each site. The cubic regression model was
the simplest model that significantly improved the fit to the
data at every site except the femoral neck, where the
quadratic model fit this criterion. The fitting effect (R2) of
the regression models at each site is also shown in Table 2.
Table 3 and Fig. 3 indicate the mean BMD values for each
10-year age group at various skeletal sites and the
comparison with Caucasian women. At the lumbar spine
(LS), BMD among Chinese American women remains
stable between ages 20–49 and declines thereafter. Similar
findings are apparent at the TH and other hip sites. Though
there is no statistically significant difference in the BMD
values for Chinese American women ages 20–29, 30–39,
and 40–49 years, peak BMD is identified from the age
interval with the highest BMD mean for purposes of
calculating T-scores [30]. Defined in this way, peak bone
density for Chinese American women occurs at age 20–
29 years for the FN and at 40–49 years for the LS and TH.

Compared to Caucasian women, BMD among Chinese
American women is 3.3–8.9% lower at the LS for the
decades beginning at ages 30, 50, and 60 years. The LS
BMD differences between Chinese American and Cauca-
sian women at the other age groups (20–29, 40–49, 70–79,
80–89 years) are not statistically significant. Compared to
Caucasian women, BMD is 4.3–8.5% lower at the TH for
the decades beginning at ages 20, 30, 50 and 60 years, but
not at those beginning at ages 40, 70 or 80 years. BMD

Age n Chinese American mean BMD (g/cm2) SD Hologic Caucasian mean BMD (g/cm2) SD Difference (%) p- value

Ward’s triangle
20–29 79 0.749o 0.13 0.734 0.12 0.015 (2.09%) 0.49
30–39 80 0.709b 0.13 0.695 0.12 0.014 (2.01%) 0.52
40–49 80 0.670p 0.13 0.634 0.12 0.036 (5.68%) 0.10
50–59 42 0.561q 0.14 0.535 0.12 0.026 (4.86%) 0.34
60–69 41 0.462i 0.10 0.470 0.12 −0.008 (−1.7%) 0.72
70–79 28 0.407f 0.12 0.403 0.12 0.004 (0.99%) 0.89
80–89 9 0.404k 0.10 0.361 0.12 0.043 (11.91%) 0.26

ap<0.05 for 20–29 years versus Chinese American age groups (50–59), (60–69), (70–79), and (80–89)
bp<0.05 for 30–39 versus Chinese American age groups (50–59), (60–69), (70–79), and (80–89)
cp<0.05 for 40–49 versus Chinese American age groups (50–59), (60–69), (70–79), and (80–89)
dp<0.05 for 50–59 versus all other Chinese American age groups
ep<0.05 for 60–69 versus Chinese American age groups (20–29), (30–39), (40–49), and (50–59)
fp<0.05 for 70–79 versus Chinese American age groups (20–29), (30–39), (40–49), and (50–59)
gp<0.05 for 80–89 versus Chinese American age groups (20–29), (30–39), (40–49), and (50–59)
hp<0.05 for 50–59 versus all other Chinese American groups except (60–69)
Ip<0.05 for 60–69 versus Chinese American age groups (20–29), (30–39), and (40–49)
jp<0.05 for 70–79 versus Chinese American age groups (20–29), (30–39), and (40–49)
kp<0.05 for 80–89 versus Chinese American age groups (20–29), (30–39), and (40–49)
ip<0.05 for 60–69 versus all Chinese American age groups except (80–89)
mp<0.05 for 70–79 versus all Chinese American age groups except (80–89)
np<0.05 for 50–59 versus Chinese American age groups (20–29), (30–39), and (40–49)
op<0.05 for 20–29 versus all Chinese American age groups except (30–39)
pp<0.05 for 40–49 versus all Chinese American age groups except (30–39)
qp<0.05 for 50–59 versus Chinese American age groups (20–29), (30–39), (40–49), and (70–79)

Table3 (continued)
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values for the FN are 5.3–6.1% lower in Chinese American
women for the age groups 20–29 and 30–39 years,
respectively, compared to Caucasian women. Compared
to Caucasian women, BMD values for the trochanter (at
age 30–39 years) and intertrochanter (at age 50–59 years)
were 6.0 and 6.1% lower, respectively, in Chinese Amer-
ican women. BMD differences for the other age groups
were not statistically significant at these sites. There were
no significant differences in BMD at Ward’s triangle.

Table 4 shows the comparison of peak BMD values at
the LS, TH, and FN between the Chinese American cohort
and the Caucasian database. The peak BMD for the sites
compared is 3.3–6.1% higher in Caucasian women than in
the Chinese American cohort, but these differences are
only significant at the FN. When the Caucasian peak BMD
and SD values are used to calculate T-scores for Chinese
American women in this cohort, 1.9–2.9-fold as many
women are diagnosed with osteoporosis at each site than if
the newly derived Chinese American peak BMD and SD
values are used (Table 5). Among women aged ≥50 years,
43% are characterized as osteoporotic at one or more sites
(LS, TH or FN) if the Caucasian reference is used, whereas
only 21% are categorized as osteoporotic if the Chinese
American reference is used as the comparator.

Discussion

Compared with Caucasian women, Chinese American
women have significantly lower BMD at the LS, TH and
FN across a spectrum of age groups. In addition, peak bone
mass is lower among Chinese American women. As a
consequence, more than one-half of Chinese American
women ≥age 50 years, characterized as osteoporotic using
a Caucasian referent, would not be diagnosed as such if a
Chinese American referent were utilized. Although not
formally evaluated, given the cross-sectional nature of our
data, our findings may also suggest that there are differ-
ences in the rate of bone mass accrual and loss between
these populations. Among our Chinese American cohort,
peak BMD occurred at ages 40–49 years for the LS and TH
compared to ages 30–39 and 20–29 years at the LS and TH
in the Caucasian population.

These results are similar to findings in native Chinese
women. Woo et al. reported lower BMD values for Chinese
women in Hong Kong at the LS, trochanter, FN and Ward’s
triangle (except for ages 40–49 years) [14] as compared to
Caucasian reference data. Similarly, Xioage et al. reported
lower BMD at all hip sites across all ages and lower peak
BMD for all hip sites for women in Changsha, China as
compared to Caucasian reference data; LS values were not
reported in this study. Additionally, the authors reported
that peak BMD was achieved 10 years later at the FN and 5
years later at the TH in Chinese women than in Caucasian
women, though their data too was cross-sectional [16]. Wu
et al. reported lower BMD in a group of Southern Chinese
women compared to Hologic Caucasian referent values at
the LS, trochanter, intertrochanter and Ward’s triangle,
while the BMD values were similar or higher among
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Chinese women at some ages for the FN, TH, and
ultradistal forearm. Furthermore, peak BMD was lower
for Chinese women at the LS and all hip sites. The age at
which peak BMD occurred (determined using cross-
sectional data) at the LS, FN, and forearm was later in
Chinese women than in Caucasians, but similar at Ward’s
triangle [15]. In our study, mitigation of some of the ethnic
BMD differences observed in Native Chinese women may
be secondary to the adoption of a Westernized diet and
activity pattern among Chinese Americans.

The reasons underlying lower areal BMD among
Chinese American women were not examined in this
study as historical data were not available for the Caucasian
reference population. However, we feel a comparison of
BMD between these populations is justifiable given that
the Caucasian values are used as a referent to calculate T-
scores within densitometers. Lower areal BMD among
Chinese Americans may in part be explained by true
density differences secondary to both genetic and environ-
mental factors. However, areal BMD differences are also
likely to be secondary to a lower body weight or smaller
bone size [31–34] among Chinese American women
compared to Caucasians. While the effect of weight on
bone density may reflect a true “weight bearing” biologic
consequence [31], smaller bone size creates an artifact of
lower bone density when BMD is measured by DXA, a
two-dimensional technology. When areal BMD is cor-
rected for bone size, some race-specific differences are
reduced [35] or eliminated [32]. It remains unclear whether
true volumetric BMD (in grams per cubic centimeter) is

lower among Chinese American women than among
Caucasian women, as this has not been directly measured
and compared by quantitative computed tomography
(QCT) in these populations.

While some may propose that lower BMD among
Chinese women is irrelevant if eliminated by bone size
correction, Cundy et al., among others, have deftly
suggested that bone density measured by absorptiometry
incorporates information that is relevant both to true
density and bone size. Bone size itself may be an important
component of fracture risk assessment using DXA because
bone size contributes to fracture risk [31, 36, 37]. Thus, the
‘artifact’ of bone size incorporated into the bone density
measurement by DXA takes into account the greater
strength of a bone that has greater cross-sectional area.
Theoretically, a lower BMD among Chinese women, as
measured by DXA, should still predict a higher fracture
risk, even if this is due, in part, to bone size; BMD as
measured by DXA remains a powerful predictor of fracture
within the postmenopausal Caucasian population, despite
huge variations in BMI and bone size. While the “bone size
artifact” may in part account for lower areal BMD among
Chinese women, it does not adequately explain the lower
hip fracture rates, given smaller bone size, compared to
Caucasian women. Alternative explanations include short-
er hip axis length (HAL) [38, 39], fewer falls [40], shorter
height [41], lower bone turnover [42], or more favorable
aspects of bone quality (such as volumetric density
measured by QCT, microarchitecure, mineralization den-
sity, matrix components) that have yet to be compared

Table 4 Comparison of peak bone mass in Chinese American versus Caucasian women

n Peak BMD
Chinese American

SD Age at peak n Peak BMD Caucasian SD Age at peak Difference p-value

Spine 80 1.013 0.13 40–49 60 1.047 0.11 30–39 −0.034 (−3.3%) 0.09
Hip 80 0.907 0.13 40–49 60 0.942 0.12 20–29 −0.035 (−3.7%) 0.1
Femoral neck 79 0.797 0.11 20–29 60 0.849 0.11 20–29 −0.052 (−6.1%) 0.006

Table 5 Osteoporosis detection rate at various sites among the Chinese American cohort using Caucasian versus Chinese American referent
values

Entire cohort Postmenopausal cohort

Caucasian database Chinese American database p-value Caucasian database Chinese American database pvalue

Lumbar spine
Normal 53.8% 67.7% <0.001 17.5% 34.2% 0.005
Osteopenia 34.8% 26.2% 0.02 47.4% 47.4% 1.0
Osteoporosis 11.4% 6.1% 0.03 35.1% 18.4% 0.005

Total hip
Normal 65.2% 76% <0.002 38.6% 54.4% 0.02
Osteopenia 29.8% 22.3% 0.04 47.4% 41.2% 0.36
Osteoporosis 5% 1.7% 0.03 14.0% 4.4% 0.03

Femoral neck
Normal 53.8% 67.7% <0.001 20.2% 37.7% 0.004
Osteopenia 35.1% 27.8% 0.04 50.9% 49.1% 0.80
Osteoporosis 11.1% 4.5% <0.002 28.9% 13.2% 0.004
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between these races. Many of these factors, including bone
size or other aspects of bone quality, may in some way alter
the relationship between BMD, as measured by DXA, and
fracture risk among Chinese American women; they need
to be examined in more detail along with the BMD/fracture
risk relationship in the Chinese American population.

In conclusion, this study demonstrates significant racial
differences in bone mass between Caucasian and Chinese
American women. The clinical significance of the observed
BMD differences is not clear. While the use of the
Caucasian versus the Chinese American database might
lead to different T-score designations and therapeutic
decisions for a given Chinese American individual, neither
score is currently linked to relevant fracture risk data for
this population. These findings highlight the need to
establish a quantitative relationship between BMD and
fracture risk in this growing population, so that pertinent
diagnostic and treatment guidelines can ultimately be
established. In future studies, our database may be
employed to help establish a quantitative BMD/fracture
risk relationship among Chinese American women.

It is important to note that our study population may not
reflect a truly random selection of Chinese Americans.
Nevertheless, this data set is likely to provide a valid BMD
referent standard. We acknowledge that the WHO diag-
nostic thresholds applied to this population may not be
directly applicable. They were, however, utilized to
demonstrate that osteoporosis diagnosis rates vary if a
Chinese American referent, rather than a Caucasian
database, is used; further, they represent the most useful
diagnostic guidelines available. Observations regarding the
rate of bone mass accrual and decline need to be examined
by longitudinal studies. Despite these limitations, we
believe the results of the study establish the first useful
BMD referent database with direct relevance to the Chinese
American population.
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