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RACIAL DIFFERENCES IN BONE STRENGTH
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ABSTRACT

Osteoporosis has been defined as a systemic skeletal disorder charac-
terized by compromised bone strength predisposing to an increased risk of
fracture. The clinical consequences of fracture include short- and long-
term morbidity as well as increased mortality. Several authors have ex-
amined data from the Health Care Financing Administration and noted
that fracture risk, particularly risk of hip fracture, is higher in whites than
blacks in both sexes; the most recent published data reported an age-
adjusted annual incidence rate for hip fracture of 10.1 and 4.1 per 1000 in
white and black women, respectively, and 4.3 and 3.1 per 1000 in white
and black men, respectively. Other analyses estimated the actuarial risk of
hip fracture of persons age 65 by age 90 to be 16.3 and 5.3 percent in white
and black women, respectively, and 5.5 and 2.6 percent in white and black
men, respectively. This lower incidence of fractures among blacks has
generally been explained by greater bone strength among blacks, although
differences in non-skeletal risk factors for fracture, such as falls, cannot be
completely excluded. Data from the Study of Osteoporotic Fractures (SOF)
and the Baltimore Men’s Osteoporosis Study (MOST) show that, in both
sexes, blacks have higher adjusted bone mineral density than whites and
a slower age-adjusted annual rate of decline in bone mineral density.
Genetic, nutritional, lifestyle and hormonal factors may contribute to
these ethnic/racial differences in bone strength.

Osteoporosis has been defined as a systemic skeletal disorder char-
acterized by compromised bone strength predisposing to an increased
risk of fracture (1). The clinical consequences of fracture include short-
and long-term morbidity characterized by pain, limitation of function
and decreased health-related quality of life as well as increased mor-
tality. This presentation will first review racial differences in fracture
risk by sex that provide evidence to support the hypothesis that blacks
have stronger bones than whites and then present data from two
longitudinal observational cohort studies that demonstrate that bone
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mineral density, an estimate of bone mass that is strongly correlated
with bone strength, is higher in blacks than whites and that the rate
of decline in bone mineral density is lower in blacks than whites.

Racial differences in fracture risk

Several authors have examined administrative data and noted that
fracture risk, particularly risk of hip fracture, is higher in whites than
blacks in both sexes (2-5). In the largest study using administrative
data, Jacobsen and colleagues examined data from the Health Care
Financing Administration and Department on Veterans Affairs for
some 44 million short-stay hospital discharges from 1984 through 1987
and identified all cases with a discharge diagnosis of hip fracture
among persons aged 65 and above; cases were excluded if the fracture
could have been attributed to a malignancy or the patient had evidence
of a prior hip fracture in the preceding four years (2). In total, there
were 745,435 hospitalizations for incident first hip fracture during the
four-year period; 79 percent of these cases occurred in women and 93
percent occurred in whites. The age-adjusted annual incidence rate for
hip fracture was 8.07 per 1000 and 3.06 per 1000 in white and black
women, respectively, and was 4.28 and 2.38 in white and black men,
respectively. In a more recent analysis of data from the Health Care
Financing Administration limited to a 10 percent sample of Medicare
enrollment records with inpatient claims for 1992 and 1993, Lauder-
dale and colleagues again noted differences of similar magnitude be-
tween whites and blacks in both sex groups: age-adjusted annual
incidence rates for hip fracture were 10.1 and 4.1 per 1000 in white and
black women, respectively, and 4.3 and 3.1 per 1000 in white and black
men, respectively (Figure 1) (4).

Jacobsen and colleagues also estimated the incidence rate of symp-
tomatic vertebral fractures using data from the Health Care Financing
Administration (5). Based on a total of 151,986 discharges listing a
diagnosis of vertebral fracture over a four-year period, average annual
age-adjusted rates of vertebral fracture were higher for whites than
blacks in both sex groups: 17.1 and 3.7 per 10000 in white and black
women, respectively, and 9.9 and 2.5 per 10000 in white and black
men, respectively.

Barrett and colleagues estimated the actuarial risk of fracture for
each of the four race-sex groups using a 5 percent sample of Medicare
data from 1986 through 1990; this analysis estimated the probability
that a person of age 65 will have a fracture by age 90 taking into
account his/her chance of death before reaching that age (5). Based on
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Fic. 1. Average annual age-adjusted incidence rates for hip fracture among whites
and blacks, by sex, in the United States, 1992—-1993.

these models, the actuarial risk of hip fracture by age 90 was 16.3 and
5.3 percent in white and black women, respectively, and 5.5 and 2.6
percent in white and black men, respectively. Thus, by any of these
analyses, there are consistent racial differences in hip fracture risk by
sex. Furthermore, similar differences in actuarial risk of fractures at
other sites were noted between white and black women; too few frac-
tures occurred among older black men to allow valid estimates of
actuarial risk and comparisons with estimated rates in white men (6).

Racial differences in mortality following fracture

Jacobsen and colleagues, using data from the Health Care Financing
Administration (vide supra), calculated mortality rates of patients
with first incident hip fracture between 1984 and 1987 (7). Mortality
rates were higher in men than in women in both racial groups: 33.7
and 17.2 per 1000 in white men and women, respectively, and 33.5 and
22.9 per 1000 in black men and women, respectively. While mortality
rates did not differ by race among men, they were higher in black than
white women. These relative differences in mortality rates persisted
even after stratifying by age at time of hip fracture and by number of
comorbid medical conditions.

Racial differences in bone mineral density

Bone mineral density (BMD) is a valid and reliable estimate of bone
mass and is strongly correlated with bone strength measured ex vivo.
Low BMD is associated with an increased risk of fracture; indeed, for
one standard deviation in femoral neck bone mineral density there is
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an approximate 2-fold increase in the age-adjusted risk of hip fracture
(8,9). Because of the strong association between low BMD, particularly
when measured at the hip by dual x-ray absorptiometry (DXA), and hip
fracture, an expert panel of the World Health Organization proposed
an operational definition of osteoporosis in white women as a BMD of
2.5 or more standard deviations below the mean for young white
women aged 20 to 29 years (10,11). This definition has since been
extended to apply to black women (using the normative data for young
white women as the reference standard) and to white and black men
(using the normative data for young white men as the reference stan-
dard) (www.iscd.org).

Data comparing both BMD and the prevalence of osteoporosis among
the U.S. population were collected during the Third National Health and
Nutrition Examination Survey (NHANES III); reference data were based
on 409 white women and 382 white men between the ages of 20 and 29
years (12—14). Osteoporosis was present in 20 and 5 percent of white and
black women aged 50 and above, respectively, based on DXA measure-
ments at the femoral neck, and 17 and 8 percent of white and black
women, respectively, based on DXA measurements at the total femur
(this incorporates the regions of interest at the femoral neck, trochanter,
intertrochanter and Ward’s triangle) (13). The prevalence of osteoporosis
in men aged 50 and above was 6 and 4 percent based on DXA measure-
ments at the femoral neck and total femur, respectively; patterns of
racial differences were similar to those in women, although estimates in
black men were not considered statistically reliable because of small
numbers of older black men studied.

Racial differences in bone mineral density at the proximal femur in
women were examined using data from the Study of Osteoporotic Frac-
tures (15). The Study of Osteoporotic Fractures is a longitudinal obser-
vational cohort study that enrolled 9704 ambulatory white women aged
65 and above from 1986 to 1988 at four clinical centers in the U.S.:
Baltimore, Pittsburgh, Minneapolis and Portland, Oregon (8). A sample
of 622 black women aged 70 and above was added to the cohort at the
time of the sixth biennial visit between 1996 and 1998. Cross-sectional
comparison of bone mineral density at the femoral neck and total hip
between 7334 white women and 636 black women showed significantly
greater BMD at both sites among black women; these differences in BMD
were on the order of one standard deviation (Figure 2).

Racial differences in bone mineral density at the proximal femur and
lumbar spine in men were examined using data from the Baltimore
Men’s Osteoporosis Study (16). This study was a longitudinal observa-
tional cohort study that enrolled 503 ambulatory white and 191 am-
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Fic. 2. Mean bone mineral density at the femoral neck and total hip among 7334
older white and 636 older black women enrolled in the Study of Osteoporotic Fractures.
Standard deviations for femoral neck BMD among white and black women were 0.11 and
0.15 g/cm2, respectively, and for total hip BMD among white and black women were 0.13
and 0.15 g/cm2, respectively. Distributions were significantly different by race at each
site with P < 0.01.

bulatory black men from July 2000 to June 2001; men with either
bilateral total hip replacements or who self-reported weight over 300
pounds were excluded. Bone mineral density was significantly greater
at the femoral neck, lumbar spine and total body among black men
even after adjusting for possible confounding variables (Figure 3).
Again, differences in BMD between the racial groups were on the order
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Fic. 3. Mean bone mineral density at the femoral neck and lumbar spine among 503
older white and 191 older black men enrolled in the Baltimore Men’s Osteoporosis Study.
Standard deviations for femoral neck BMD among white and black men were 0.13 and
0.15 g/em2, respectively, and for lumbar spine BMD among white and black men were
0.19 and 0.20 g/cm2, respectively. Distributions were significantly different by race at
each site with P < 0.01.
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of one standard deviation. Additional exploratory analyses showed
that older black men had both narrower bone at the proximal femur
and more bone mineral content; these features are independently
associated with greater bone strength (17).

Racial differences in change in bone mineral density

Numerous longitudinal studies conducted in older white men and
women have reported a decline in bone mineral density with advancing
age (18-20); however, until recently it was unclear whether the rate of
change in bone mineral density was similar in older blacks and whites.
Cauley and colleagues analyzed longitudinal data from the Study of
Osteoporotic Fractures to test the hypothesis that the decline in BMD
would be greater in older white than black women (21). They studied
a sample of 6007 older white women who had BMD measured at the
proximal femur at the second (1988-1990) and fourth (1992-1994)
clinical examinations and a sample of 482 black women who had BMD
measured at the proximal femur at the sixth (1996-1998) and seventh
(1998-2000) clinical examinations. The average annual age-adjusted
percent decline in BMD at the femoral neck and total hip was signif-
icantly greater in white than in black women (Figure 4); these differ-
ences persisted even after adjustment for additional confounding vari-
ables, including weight change between visits, height loss since age 25,
current hormone therapy, current smoking, grip strength, diabetes,
education, self-reported health status and use of diuretics. In addition,
average annual percent decline in BMD increased with advancing age
in both racial groups, although the relative increase was much greater
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Fic. 4. Average annual age-adjusted mean percent change in bone mineral among
6007 older white and 482 older black women enrolled in the Study of Osteoporotic
Fractures. Distributions were significantly different by race at each site with P < 0.001.
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in black than in white women when the groups of women were strat-
ified at age 75. Current use of hormone therapy was associated with
slower rates of bone loss in both racial groups; indeed, multiple-vari-
able adjusted femoral neck BMD actually increased in black women
who were current users of hormone therapy.

Tracy and colleagues analyzed longitudinal data from the Baltimore
Men’s Osteoporosis Study to test the hypothesis that the decline in
BMD is greater in older white than black men (22). They studied a
sample of 349 older white men and 119 older black men who had BMD
measured at the proximal femur and lumbar spine an average of 18.8
months apart. The average annual percent decline in BMD at the
femoral neck and total hip was significantly greater in white than in
black men (Figure 5); these differences persisted even after adjustment
for age, weight, weight change between visits and current smoking. In
addition, average annual percent decline in BMD increased with ad-
vancing age in both racial groups of men. Current smoking was asso-
ciated with higher rates of bone loss in both racial groups, even after
adjustment for age, height and weight change.

Low bone mineral density is associated with increased
fracture risk in older blacks

Low bone mineral density is strongly associated with increased
fracture risk in older white women (8.9). Cauley and colleagues exam-
ined the relationship between BMD measured by DXA and incident
non-spine fractures in 636 older black women enrolled in the Study of
Osteoporotic Fractures and compared the magnitude of the association to
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Fic. 5. Average annual mean percent change in bone mineral among 349 older white
and 119 older black men enrolled in the Baltimore Men’s Osteoporosis Study. Distribu-
tions were significantly different by race at each site with P = 0.01.
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that in white women (15). Over a mean follow-up of 6.1 years, 58 black
women sustained one or more non-spine fractures, including 12 hip or
pelvis fractures, 12 leg, knee or ankle fractures, 8 rib fractures and 7
wrist fractures. The age-adjusted relative risk (95% confidence intervals)
of non-spine fracture per one standard deviation decrease in BMD at the
femoral neck and total hip in black women was 1.37 (1.08, 1.74) and 1.44
(1.12, 1.86), respectively; these relative risks were similar to those found
among 7334 white women followed for a similar time period. Of interest,
the relative risk of non-spine fracture in black compared to white women
was 0.48 (0.36, 0.64) even after adjustment for age, femoral neck BMD
and other confounding variables. Thus, while low BMD is associated with
an increased risk of non-spine fracture in older black as well as white
women, the absolute risk of non-spine fracture remains lower in older
black than white women even after adjustment for differences in BMD.
These results suggest that other factors related to bone strength may
differ between the racial groups. The relationship between BMD and
non-spine fracture in older black men is currently under examination
using data from the Baltimore Men’s Osteoporosis Study in combination
with that from other longitudinal observational studies that have en-
rolled older black and white men.

Discussion

Osteoporosis is a serious public health problem, in large part be-
cause of the morbidity and mortality associated with fractures, partic-
ularly involving the hip and spine (1). Administrative data demon-
strate that fracture risk is greater among whites than blacks in the
United States. The lower incidence of fractures among blacks has
generally been explained by greater bone strength among blacks, al-
though differences in non-skeletal risk factors for fracture, such as
falls, cannot be completely excluded.

Bone strength is determined by many factors including the mass and
geometry of the bone, the microarchitecture of the trabecular bone, the
porosity of the cortical bone, the composition of the bone matrix and
mineral, and the accumulation of microdamage in the bone. Presently,
bone mass is estimated in clinical practice and clinical research by
measurement of bone mineral density; this represents a composite of
the degree of mineralization of the matrix and the macroarchitecture of
the bone. The accumulated data reviewed during this presentation
suggest that American blacks have greater bone mineral density than
whites and that this may account, at least in part, for their lower rate
of fractures, particularly hip fractures.
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Higher bone strength in blacks could be due to several factors in-
cluding development of a stronger skeleton during childhood and ad-
olescence, slower loss of bone during adulthood due to reduced rates of
bone turnover and greater ability to replace lost bone due to better
bone formation. Bell and colleagues reported that black children had
higher bone mass than white children and that this difference per-
sisted into young adulthood, at least in men (23,24). Development of a
stronger skeleton during childhood and adolescence is dependent on
the interaction of genetic and environmental factors, including nutri-
tion and lifestyle factors (25).

Several studies utilizing histomorphometry of iliac crest bone biop-
sies have demonstrated that blacks have a lower rate of bone turnover
than whites (26-28). This lower rate of bone turnover would likely
translate into a slower rate of decline in bone mineral density. Genetic,
nutritional, lifestyle and hormonal factors may contribute to differ-
ences in rates of bone turnover during adulthood, as can the presence
of certain medical conditions and the use of certain medications that
are recognized to be secondary causes of osteoporosis. Future studies in
these cohorts are currently in progress to examine longitudinal
changes in structural geometry and estimates of bone strength of the
proximal femur derived from the DXA scans as well as to identify
factors, including circulating levels of 25-hydroxyvitamin D and in-
flammatory markers, that might contribute to both rates of decline in
bone mineral density and fracture risk.
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DISCUSSION

Martin, Boston: Marc, I wondered whether you have data on two confounding
variables. One is body mass, that is weight, and the extent to which that impacts on bone
metabolism and structure; and the second is level of exercise and physical activity?

Hochberg, Baltimore: Sure. The data on weight and height are available in both data
sets and were used in the multiple variable adjusted models. On average, the African
Americans were heavier than the Caucasians, even after age adjustment but didn’t differ
significantly in height. We used weight and height separately in the multiple variable
models rather than using body mass index as the variable for adjustment. We also had
data on physical activity. This was done through a modification of the Paffenbarger scale
in order to estimate kilocalories expended per day, and we used that as well as an
instrument called the PASE, the Physical Activity Scale for the Elderly, in our male
study, and those variables were also included in the multiple variable models.

Thorner, Charlottesville: That was a beautiful study. Very interesting. As you did DXA,
were you able to actually look at the amount of appendicular skeletal muscle between the
Caucasians and the blacks and see whether that also could account for the difference?

Hochberg: We didn’t actually look at muscle mass from the DXA image, but we have
muscle strength measurements from both studies. We have both upper and lower extremity
strength measurements, including grip strength as well as quadriceps strength, respec-
tively, and there is a strong correlation between the upper and lower extremity strength
measurements in these populations. We adjusted the multiple variable models as well for
it. So, while there is a correlation between muscle strength and bone mineral density
measured by DXA in all of the racial groups, the differences persist even when you adjust
for that variable. We are actually measuring quadriceps muscle size as well as quality in
another study that we are doing in subjects recovering from hip fracture using CT scans
taken at the mid thigh in order to calculate both muscle bulk as well as muscle quality,
which is measured in relationship to the amount of fat within the muscle.

Watts, Cincinnati: Thank you very much, Marc, for these interesting insights. The
population is aging. So, the absolute number of fractures appears to be increasing, but
there appears to be secular trends that age-adjusted hip fracture rates, for example, are
going down, and while I realize that’s not directly related to what you’ve presented, I
wonder if you have any thoughts or insights about that.

Hochberg: I think some of this may be explained by the factors that are included
within bone quality, while some may be related to the other non-skeletal risk factors for
fracture in terms of fall risk. In terms of bone quality, which we don’t really measure by
DXA, there have been suggestions that the older population suffers from nutritional
deprivation, which is less likely to have occurred in younger persons born after World
War II; this might help explain improved bone quality through better nutrition during
growth and development leading to a reduction in fracture rates, subsequently as that
population ages. Then the other possible effects on non-skeletal issues include decreas-
ing risk factors for fall, in terms of better attention made to protecting the house as well
as to correction in vision and other sensory abnormalities.



