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ABSTRACT
African Americans have lower serum 25-hydroxyvitamin D con-
centrations and a lower risk of fragility fractures than do other
populations. I review the evidence on factors other than vitamin
D that might explain this paradox and the calcium economy in
different life stages. Researchers are actively trying to explain
this genetically programmed advantage. Factors that could pro-
tect African Americans against fracture include their higher peak
bone mass, increased obesity rates, greater muscle mass, lower
bone turnover rates, and advantageous femur geometry. In addi-
tion, bone histomorphometry in young adults shows longer peri-
ods of bone formation. Although African Americans fall as fre-
quently as do whites, the direction of their falls and their manner
of breaking falls could protect them from fractures. African
American girls accrue more calcium than do white girls during
adolescence as the result of increased calcium absorption and
superior renal calcium conservation. In adulthood, higher para-
thyroid hormone concentrations do not result in increased bone
loss in African Americans because of their skeletal resistance to
parathyroid hormone, and their superior renal conservation of
calcium persists. These advantages diminish in the elderly, in
whom further increases in parathyroid hormone result in in-
creased bone turnover and bone loss. Ultimately, I explain the
paradox by multiple factors associated with fracture risk and
calcium economy in African Americans. Despite African Amer-
icans’ reduced risk of osteoporotic fractures, such fractures re-
main an important public health problem for this population that
vitamin D intervention studies have not addressed. Am J Clin
Nutr 2008;88(suppl):545S–50S.

INTRODUCTION

Physiologic experiments on the role of vitamin D in calcium
absorption and the prevention of secondary hyperparathyroidism
and the relation of serum 25-hydroxyvitamin D [25(OH)D] to
bone density have provided evidence suggesting that vitamin D
plays a role in preventing fragility fractures (1, 2). Clinical stud-
ies, including randomized clinical trials, have confirmed that
increasing vitamin D intake prevents falls and fractures (3–5).
Thus, it seems paradoxical that African Americans have fewer
fragility fractures than do other ethnic groups despite having
lower concentrations of serum 25(OH)D. I conjecture that ex-
amining this apparent paradox could lead to insights concerning
the role of vitamin D in preventing osteoporosis and explaining
the lower risk of osteoporosis in African Americans. In this
article, I explore the factors that could explain this paradox and

review the calcium economy in each life segment in African
Americans.

The distribution of serum 25(OH)D concentrations by age in
African Americans and whites from the third National Health and
Nutrition Examination Survey (NHANES III) is shown in
Figure 1. At all ages, African Americans have lower serum
25(OH)D concentrations than do whites. Clearly, factors other
than vitamin D must provide protection against osteoporotic
fractures in African Americans.

One explanation for the lower 25(OH)D concentration in Af-
rican Americans is that the increased melanin pigmentation in-
terferes with the absorption of ultraviolet B light and the forma-
tion of vitamin D in the skin. Armas et al (6) recently quantified
skin pigmentation by using a reflective meter to measure its
impact on ultraviolet B light absorption. In this study of 25(OH)D
response to ultraviolet B radiation and skin color, the investiga-
tors used an L value, with 0 representing perfectly black and 100
representing perfectly white (Figure 2). They exposed 90% of
the study participants’ skin to ultraviolet B radiation 3 times per
week for 4 wk. As shown in Figure 2, the serum 25(OH)D
response was proportional to the amount of ultraviolet exposure
and skin pigmentation.

African Americans have a lower risk of hip fracture, as shown
in the National Osteoporosis Risk Assessment (NORA) study. In
this prospective study of 197 848 postmenopausal women, the
7784 black participants had one-half the prevalence of osteopo-
rosis and one-half the fracture risk of whites (7). Hence, the
paradox exists with low serum 25(OH)D concentrations and
lower fracture risk.

A definition of osteoporosis is reduced bone strength, which
leads to an increased risk of fragility fractures, although many
fragility fractures occur in persons who do not have osteoporosis.
Even so, we examine the factors that influence the risk of osteo-
porotic fractures to identify the factors that might protect the
African American population from such fractures. The factors
discussed in this article are listed in Table 1.
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FACTORS THAT INFLUENCE OSTEOPOROTIC
FRACTURE RISK

Bone mass

Eighty percent of a bone’s strength is related to its mass or
density. However, factors other than bone mass can influence
fracture risk. These factors include bone architecture and geom-
etry, the bone remodeling rate, heritable factors, and propensity
to fall.

Bone mass in African Americans is higher than in other pop-
ulations. Studies at Brookhaven National Laboratory used radio-
graphic absorptiometry and in vivo neutron activation analysis to
show that bone mass in African American adults is �10–15%
higher than in other populations throughout life (8, 9). More
recent studies using dual-energy X-ray absorptiometry have
found similar results, and a study of trabecular bone sites showed
an even higher advantage in African Americans (10–18).

In Figure 3, we combined data from a longitudinal study of
bone mineral density of the femur in 154 children aged 6–16 y
with data on adults from the NHANES III study (19). This figure
shows that the bone density advantage in African Americans
begins in early childhood. This advantage was present at 6 y of
age and increased during adolescence, a stage when the skeleton
accrues 50% of its peak bone mass (19). The pattern was similar
in the 2 races, with bone loss beginning at about the same age,
accelerating during menopause in women, and continuing to
decline with aging. The data suggest that bone loss after the age
of 75 y is more rapid in African Americans than in whites.

In the Study of Osteoporotic Fractures, a large longitudinal
study of fracture risk in a diverse population (20), African Amer-
icans had a lower risk of fracture than did whites, even when they
had the same bone density. Thus, factors in addition to bone
density appear to protect African Americans from fractures.

Heredity

Epidemiologic studies have shown that a maternal history of
fragility fractures increases the risk of fracture (21). Further-
more, genetic factors are apparently responsible for skeletal ac-
cretion during childhood. Therefore, several studies have at-
tempted to identify the differences between black and white
genotypes to illuminate the development of peak bone mass and

bone loss and support the development of interventions to max-
imize bone mass (22–28).

Environmental factors influence osteoporosis, which is a poly-
genic disorder (25). The search for relevant polymorphic differ-
ences between African Americans and whites has yielded both
positive and negative results (22, 24, 26, 27). Most genetic stud-
ies have concentrated on the vitamin D receptor gene. Although
an early study of only 101 African American women showed no
ethnic differences in the black-white genotype distribution for
bone mineral density (28), a more recent study used admixture
marking in African Americans to separate their African and
European heritage in the search for population-specific allele
frequencies (23). This appears to be a useful approach for iden-
tifying the genetic contribution to the skeletal variables of inter-
est.

Because of the similarity between mouse and human geno-
types, studies in mice might prove fruitful in understanding dif-
ferences between African Americans and whites (25). For ex-
ample, Edderkaoui et al (29) recently identified the mouse Duffy
antigen receptor for chemokines (Darc, which increases osteo-
clast formation) as a bone mineral density quantitative trait locus
site gene. Duffy-negative individuals are African American, so
this gene could influence the rate of bone turnover in adulthood.

Body composition

Obesity protects people from bone density decreases and frac-
tures. The many explanations given for this include that greater

FIGURE 2. Three-dimensional scatter plot of 4-wk serum 25-
hydroxyvitamin D [25(OH)D] response change above baseline expressed as
a function of both basic skin lightness (L*) and ultraviolet-B dose rate. The
surface is a hyperboloid, plotting equation 1, and was fitted to the data by
least-squares regression methods. Reproduced with permission from
Elsevier (6).

TABLE 1
Factors that influence osteoporotic fractures

Bone mass
Muscle mass and obesity
Remodeling rate
Microarchitecture
Geometry
Neuromuscular instability and falls

FIGURE 1. Serum 25-hydroxyvitamin D [25(OH)D] distribution in all
African American and white participants in the third National Health and
Nutrition Examination Survey (with sampling weights), by age.
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body weight might mechanically stimulate bone formation, re-
sulting in a higher bone density. Another possible explanation is
that high estrogen levels, which are typical in obese women,
might protect obese women from bone loss. Finally, hip padding
as a result of fat accumulation could protect people from fractures
when they fall.

Like bone density, obesity has a paradoxical relation with
vitamin D in that people who are more obese tend to have lower
25(OH)D concentrations. Obesity is more prevalent in African
Americans than in whites, and this could explain their additional
protection against fracture. In addition, like bone mass, muscle
mass is higher in African Americans, and muscle mass in healthy
populations has a strong relation to bone mass (8, 30–32). Cross-
sectional data indicate that African Americans experience less
sarcopenia than do whites with aging, although not all studies
have shown this (33, 34).

The NORA study researchers were unable to explain the skel-
etal mass advantage of African Americans by increased weight
(7). In a body-composition study that matched whites with Af-
rican Americans by body size, the researchers concluded that
body size did not explain the higher skeletal mass in African
Americans (8). The Health, Aging and Body Composition study
examined the relation of lean mass and fat mass to bone mineral
content in 2619 persons (35) and could not explain the difference
in bone densitometry by height, weight, lean, or fat mass.

Bone turnover

Many studies have identified high bone turnover as a fracture
risk independent of bone density. Several of these studies have
shown lower levels of bone turnover markers in adult African
Americans than in whites (9, 11). An early study by Weinstein
and Bell (36) suggested that bone turnover could be lower in
African Americans. The bone turnover markers have been of
bone resorption (C-terminal telopeptide of type I collagen,
N-telopeptide of collagen type 1, hydroxyproline) and bone for-
mation (osteocalcin, alkaline phosphatase). However, the Study
of Women’s Health Across the Nation, which examined the
health of perimenopausal women, found no difference in bone
turnover markers in African Americans and whites (37). Simi-
larly, studies have not shown any differences in bone turnover
markers in African American and white children (38). Bone

turnover increases in elderly compared with adult African Amer-
icans (39, 40). These differences in results at different life stages
demonstrate the importance of considering life stage when one
examines differences between ethnic groups. Bone turnover
might be lower in African Americans than in whites in adulthood
but not in other life segments. The sample size of studies in
childhood is too small to be conclusive.

Bone histomorphometry

The microarchitecture of bone can have a substantial influence
on fracture risk, but only a few studies have compared bone
histomorphometry between African Americans and whites. Two
studies compared bone histomorphometry in South African
black and white men and women aged 21–84 y (41, 42). These
studies suggested that African Americans have more trabecular
and cortical bone and thicker trabecular and cortical bone with
less porous cortices than do whites. The studies also suggested
that the age-related rate of decline in bone mass is the same in
whites and African Americans and that bone turnover might
actually increase rather than decrease with age.

A subsequent study in adult white and African American
women in the United States provided a potential explanation for
the lower rate of bone loss in adult African Americans (43). In
this study, the bone formation period was longer in African
American women, and white women had more inactive periods
in the life span of bone formation units. The longer period of bone
formation in African Americans results in greater overall depo-
sition of bone mineral and could produce better bone quality than
that in whites. A recent histomorphometric analysis suggested
that the reason for the longer bone formation period in African
Americans might be diminished osteoblast apoptosis (44, 45).

Bone geometry

The shape of bone could influence its propensity to fracture.
Research has identified hip axis length as a characteristic of
femur shape that could influence fracture risk (46). Shorter hip
axis length protects against osteoporotic fractures. African
American adult women have a shorter hip axis length than do
whites (47, 48). Recent studies have used densitometry to struc-
turally analyze the hip. A study comparing African American and
other postmenopausal women suggested that the spatial distri-
bution of bone in the femoral neck in African Americans is
arranged in such a way as to resist greater loading (10).

Falls

Some data are available from the Study of Osteoporotic Frac-
tures concerning falls in African Americans and whites (49). This
was a longitudinal study of 6007 white and 482 African Amer-
ican women with a mean age �70 y. If African Americans had a
lower fall rate, this would partially explain why they have fewer
fractures. However, the Study of Osteoporotic Fractures found
no significant difference in the rate of falling between African
Americans and whites; indeed, the rate was higher (but not sig-
nificantly) in whites. However, whites tended to fall laterally
rather than forward, which resulted in a greater risk of hip frac-
ture. In addition to tending to fall forward, African Americans
tended to break their falls with their wrists, which would also
protect them from hip fracture.

FIGURE 3. Total femur bone mineral density (BMD) in African Amer-
ican and white females, by age, in the BMD Child Study and the third
National Health and Nutrition Examination Survey. Reproduced with per-
mission from the Journal of Clinical Endocrinology and Metabolism (19).
Copyright 2007, the Endocrine Society.
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CALCIUM ECONOMY

Calcium economy in adolescents and adults

One can glean insight into the higher peak bone mass in Af-
rican Americans from studies in adolescents because people ac-
crue one-half their bone mass during adolescence. In a study on
calcium balance and kinetics in African American and white
adolescent girls (38), African Americans had greater calcium
retention and a higher bone formation rate. This cohort was
unusual in that the African American girls did not have lower
serum 25(OH)D concentrations than did the white girls. The
African American girls also had higher calcium absorption effi-
ciency, probably because of their higher concentrations of serum
1,25-dihydroxyvitamin D [1,25(OH)2D]. These girls also had
lower urinary calcium excretion, indicating superior renal con-
servation. Bone turnover markers were not significantly differ-
ent, but the study was not sufficiently powered to detect a dif-
ference.

The results of a subsequent 3-wk balance study in 55 African
American and 66 white girls by the same investigators are shown
in Figure 4 (50). As Figure 4 shows, the African American girls
retained more calcium at every calcium intake. The retention
curves are parallel, with African American girls retaining 185 �
32 mg/d more calcium than did the white girls. Calcium retention
generally has a threshold above which calcium retention no
longer increases with calcium intake. Clearly, intakes of up to
2000 mg/d did not reach that threshold in the African American
girls. Thus, the authors concluded that calcium requirements are
the same in adolescent girls of both races. We need further studies
to determine whether even higher calcium intakes are beneficial
to African American girls.

African American adults have lower concentrations of bone
turnover markers than do white adults, as we have indicated
earlier. In addition, they have higher parathyroid hormone (PTH)

concentrations as a result of their low 25(OH)D concentrations.
Serum 25(OH)D is inversely related to serum PTH concentra-
tions. As 25(OH)D availability declines, serum 1,25(OH)2D de-
clines, and this results in reduced calcium absorption, a transient
decline in serum calcium concentration, and stimulation of PTH
secretion. Despite their higher PTH concentrations, African
American adults have slower bone loss and reduced concentra-
tions of bone turnover markers, and some authors have argued
that this reflects skeletal resistance to PTH (9, 11).

The lower serum 25(OH)D concentration in African Ameri-
can adults than in white adults could result in higher PTH con-
centrations, which reduce the loss of calcium through the kidneys
and thereby increase protection from fractures. However, be-
cause the skeleton resists PTH, bone loss does not accelerate in
times of calcium insufficiency. Studies using PTH have sup-
ported the concept of skeletal resistance to PTH in the adult life
stage in African Americans (51), which highlights the impor-
tance of considering life stage when assessing differences be-
tween ethnic groups.

Vitamin D supplements in midlife

We conducted a 3-y randomized, double-blind, placebo-
controlled, parallel study of the efficacy of vitamin D3 in pre-
venting bone loss in 208 postmenopausal African American
women (mean age: 60 y; 52). One-half the women received a
placebo and one-half received 800 IU vitamin D3 (cholecalcif-
erol) for 2 y, followed by 2000 IU for 1 y. These women also took
dietary calcium supplements, so their calcium intake was be-
tween 1200 and 1500 mg/d. The women’s baseline serum
25(OH)D concentration was 47 nmol/L.

The change in total-body bone mineral content in both groups
of study participants is shown in Figure 5 (7). We found no
difference in bone loss rate between the women who received
vitamin D3 and those in the placebo group and no relation be-
tween serum 25(OH)D concentration and bone loss rates in either
group. The initial increase in bone density at 6 mo was probably
due to a remodeling transient resulting from increased dietary
calcium; we took this into account in the study design and anal-
yses. In the remodeling transient phenomenon, when an inter-
vention (such as increased dietary calcium) affects the PTH axis,
bone density increases for one remodeling cycle and this change
is subsequently lost. We concluded that vitamin D supplemen-
tation of up to 2000 IU/d did not prevent bone loss in these

FIGURE 4. Mean calcium retention and 95% CIs for regression lines
across different calcium intakes, by race. The darker shading represents
African American girls (F, 84 observations in 55 girls) and the lighter shad-
ing represents white girls (E, 98 observations for 66 girls). Reproduced with
permission from the American Journal of Clinical Nutrition (50). Copyright
2007, the American Society for Nutrition.

FIGURE 5. Box and whisker plot of the percentage change in total-body
bone mineral content (BMC) from baseline. Reproduced with permission
from the Archives of Internal Medicine (52). Copyright 2005, American
Medical Association. All rights reserved.
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calcium-sufficient African American women in midlife. We
noted no serious adverse events related to vitamin D, and the
participants did not demonstrate hypercalcemia or hypercalci-
uria.

One explanation for the lack of effect of vitamin D in this study
is that calcium-sufficient people need less vitamin D. Indeed,
based on their superior renal conservation of calcium, adult Af-
rican Americans require 300 mg less calcium per day than do
whites to replace their calcium losses from the body (53). In our
study, we provided calcium supplementation to ensure that both
active and placebo groups were calcium replete. Unfortunately,
clinical studies often neglect the calcium–vitamin D interaction.
Indeed, when we reviewed the literature on the interaction be-
tween serum 25(OH)D and PTH concentrations, we found that
many studies did not even report calcium intake (34). Because
vitamin D enables calcium absorption, researchers should con-
sider these 2 nutrients together. Vitamin D appears to promote
bone health in midlife, and 50 nmol/L of serum 25(OH)D is
sufficient in African American women, provided that their cal-
cium intake is adequate. This could also be the case in whites, but
because the study did not include whites, its findings are only
applicable to African Americans.

Secondary hyperparathyroidism

Although skeletal resistance to PTH characterizes the bone
loss associated with aging in adult African Americans, this might
not be true in elderly African Americans. The Study of Osteo-
porotic Fractures found accelerated bone loss in African Amer-
icans over 75 y of age (54), and the only longitudinal study of
osteoporosis in African American men, the Baltimore Men’s
Osteoporosis Study, found no difference in bone remodeling or
adjusted rates of loss between races in the elderly (40). However,
this study did not have sufficient power to detect a difference. We
have conducted studies that showed an increase in bone turnover
and bone loss with aging in African Americans. These studies
suggest that African Americans might become more susceptible
to the adverse effects of PTH in old age and could become more
susceptible to fractures than at earlier ages.

CONCLUSIONS

I have reviewed several factors that could explain why, despite
their lower 25(OH)D concentrations, African Americans have a
lower risk of osteoporotic fractures than do whites. This paradox
might be explained, at least in part, by the higher bone mass,
obesity rates, more efficient calcium economy, and lower bone
turnover in African Americans than in whites. In addition, Afri-
can Americans have certain bone histomorphometric and geo-
metric features and fall patterns that could protect them from
fractures.

Despite the higher bone density of African Americans, osteo-
porosis is a significant health problem for this population (9).
Although the risk of fracture is 50% less in African Americans
than in whites, fractures in African Americans are a significant
problem from a public health perspective. Moreover, the elderly
African American population is rapidly increasing, and as this
population ages, more and more women will experience declines
in bone density and their risk of fracture will increase (55, 56).

Most intervention studies on calcium and vitamin D have not
included African Americans. In fact, the only intervention study
that included this population was the Women’s Health Initiative,

which used only 400 IU vitamin D3 (57). Intervention studies that
suggested that vitamin D could improve physical performance
also failed to include African Americans.

Finally, one should not misinterpret the paradox of 25(OH)D
and risk of osteoporosis in African Americans to mean that this
population has a lower requirement for vitamin D than do whites.
African Americans might have the same or higher extraskeletal
requirements for vitamin D compared with whites. We need
additional research to determine whether the high incidence of
hypertension, diabetes, and cancer in African Americans is as-
sociated with increased susceptibility to the effect of vitamin D
insufficiency on extraskeletal disorders.

I thank Lynn Maier for preparing this typescript.
The author had no personal or financial conflicts of interest.
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