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hen we eat beef,
pork, lamb, chicken,

or other foods from animals,
our bodies take in proteins that
may be rich in sulfur. That’s
unlike the proteins in plant
foods—fruits, veggies, nuts,
grains, or legumes like peas or
dry beans. As we digest animal
proteins, the sulfur in them
forms acid. A slight, temporary
acid overload—called acido-
sis—may result.

To regain our natural balance
of acidity to alkalinity, or pH, in
the bloodstream, our bodies must
buffer the influx of acid. One
possible buffer is calcium
phosphate, which the body can

Using dual energy x-ray absorptiometry, physiologist Mary
Gustafson-Storms makes a bone density measurement of the
spine of a research volunteer.
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borrow from our bones—the body’s main
storage depot for this essential mineral.

Though calcium phosphate is an ef-
fective buffer and neutralizer, taking it
from bones might increase our risk of os-
teoporosis. This unhealthy increase in the
porosity of bones, and resultant thinning,
leaves those afflicted with this disease
especially vulnerable to fractures of the
spine, hips, and wrists.

Estimates from the National Institutes
of Health (NIH) indicate that 10 million
Americans, mainly women, already suf-
fer from this disease. Another 28 million
Americans are at risk. Other NIH anal-
yses suggest that one in every two wom-
en and one in every eight men over age
50 in this country will have an osteo-
porosis-related fracture in their lifetime.

Does Animal Protein Play a Role?
The cause of osteoporosis is un-

known. In exploring possible links
between osteoporosis and what we eat,
some researchers have developed a
hypothesis and a model that point to
sulfur-containing animal proteins as a
culprit in the bone disease.

The theory has commanded the at-
tention of nutrition researchers, including
scientists at the ARS Western Human
Nutrition Research Center in Davis,
California. They have teamed up with
university colleagues to crack some of
the secrets of osteoporosis. In a novel
study, they recruited women who eat
both animal and plant foods—the
omnivore regimen typical of most
Americans—and women who only eat
plant-derived foods. What better way to
monitor the possible effect of sulfur-
containing proteins than by comparing
the bone health of vegan volunteers, who
don’t eat animal proteins, with that of
omnivore volunteers, who do?

ARS physiologist Marta D. Van Loan
of the Western Human Nutrition Re-
search Center collaborated in the inves-
tigation with Anita M. Oberbauer of the
University of California, Davis, and with
Lydia-Anne Stawasz, formerly at the
Davis campus and now at the University
of California, Irvine.

Forty-eight healthy, nonsmoking
women, aged 18 to 40, volunteered for
the 10-month study. At three intervals

vegan women. This happened even
though the omnivore women had a high-
er calcium intake than did the vegan vol-
unteers. (The volunteers did not differ in
their intake of other nutrients that affect
bone health, such as magnesium.)

Using the model as a basis, “one
would not have predicted a significantly
greater amount of bone formation for
vegan volunteers than for omnivore vol-
unteers,” Van Loan adds.

The implication for people who eat
high amounts of animal protein may be
important: Specifically, over time, the net
effect of a lower amount of bone forma-
tion would likely be a decrease in bone
density. Explains Van Loan, “If you have
less bone formation, the result is the same
as if you had an increase in bone resorp-
tion. So, even though bone resorption
was the same in both groups of volun-

teers, the lower amount of bone forma-
tion in the omnivore women could lead
to a decrease in their bone density.”

The findings, if borne out in larger
studies, may lead to a modified model.
What’s more, the investigation may lead
to other useful lines of inquiry for other
studies.—By Marcia Wood, ARS.

This research is part of Human Nu-
trition, an ARS National Program (#107)
described on the World Wide Web at
www.nps.ars.usda.gov.

Marta D. Van Loan is with the USDA-
ARS Western Human Nutrition Research
Center, One Shields Ave., Davis, CA
95616; phone (530) 752-4160, fax (530)
752-5271, e-mail mvanloan@whnrc.
usda.gov. ★

during the experiment, the women sub-
mitted records of the types and amounts
of foods they had eaten during the pre-
vious 3 days. The records gave the re-
searchers an indication of the amount of
protein each volunteer had eaten.

The volunteers gave blood and urine
specimens at each lab visit. The samples
were analyzed for any of several stan-
dard indicators of bone health. These
included bone formation, as indicated by
the amount of a chemical called osteo-
calcin; and bone resorption, or the
amount of calcium removed from bone
and reabsorbed into the bloodstream, as
measured by another biochemical, N-
teleopeptide. Other measures included
renal net acid excretion and urinary
calcium—both indicators of how much
calcium was excreted from the body.

The model that other scientists devel-
oped predicts that to maintain the cor-
rect balance of calcium in the blood, or
homeostasis, renal net acid excretion and
urinary calcium increase as intake of sul-
fur-containing animal proteins increase.

But preliminary results suggest that
osteoporosis may in fact be more com-
plicated than the model predicts. The
Davis scientists applied a statistical pro-
cedure—multivariate regression analy-
sis—to determine the relative impact of
each of the variables, or factors, they ex-
amined. As expected, they found that the
vegan volunteers ate less protein than the
omnivore volunteers. Also, as predicted
by the model, renal net acid excretion and
urinary calcium were higher in the vol-
unteers who ate more protein (the omni-
vore women) than in those who ate less
(the vegan participants).

Less Bone Formed
But two findings were unexpected.

First, bone resorption—in which calci-
um is taken away from bones via the
bloodstream—was the same for omni-
vore women as for vegan women.

“The current model predicts increased
bone resorption for people who consume
large amounts of animal protein, so it was
somewhat surprising that bone resorption
was the same for both groups of our vol-
unteers,” Van Loan notes.

Second, bone formation was signifi-
cantly less in omnivore women than in

Physiologist Marta Van Loan (right) and
chemist Erik Gertz examine a tray of
serum samples to be analyzed for markers
of bone formation and resorption.
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