Meat Protein and Calcium Balance

Nutrition

Interactions among certain nutrients influence nu-
trient bioavailability through their effects on absorp-
tion and excretion (1). For this reason, consuming a
well-balanced diet is important and dietary recommen-
dations have taken into consideration the known inter-
actions of nutrients (1,2). Nutrient interactions that sig-
nificantly increase or decrease nutrient bioavailability
may lead to adverse health effects (1).

One of the most frequently reported and misunder-
stood nutrient interactions is that between dietary pro-
tein and calcium. Many research reports document that
increasing dietary protein intake increases urinary cal-
cium excretion (3-7). This effect of protein has led to
the suggestion that intake of high protein foods such as
meat increases calcium loss leading to a negative cal-
cium balance and health disorders such as osteoporo-
sis. However, scientific data indicate that consuming
meat such as beef as recommended does not adversely
affect bone status (8,9). Moreover, meeting protein
needs is beneficial to bone health (6,10-13).

Bone Loss and Calcium Balance

Osteoporosis, a bone-thinning disease leading to
fractures, affects about 28 million Americans, mostly
postmenopausal white women (14). This disease also
affects women of other age, racial, and ethnic groups,
as well as men and children (14). Bone health is influ-
enced by three major interacting factors: diet, exercise,
and estrogen status. Among dietary factors, calcium and
vitamin D are essential, whereas protein, phosphorus,
and sodium are major interactive, factors (14). High
dietary intakes of these three nutrients can adversely
affect calcium balance in individuals with low calcium
intakes (14). The goal is to maintain calcium balance
by increasing calcium intake or decreasing calcium
excretion from the body. Nutrient interactions can have
an important influence on calcium balance.

In early studies, which used purified proteins, a
positive association between dietary protein intake and
calcium loss in the urine was demonstrated. Several

groups of investigators have found that each gram of
protein metabolized increases urinary calcium by about
1 mg. Therefore, doubling protein intake results in
roughly a 50% increase in urinary calcium excretion
(1,3,4,6). Protein’s effect on urinary calcium excretion
is attributed to the associated increase in acid load
caused by increased sulfate production from the me-
tabolism of sulfur-containing amino acids (6). Despite
the belief by some that animal protein in particular
contributes to this acid load and that diets with a high
ratio of animal to vegetable protein are harmful to bones
(15), scientific evidence fails to support this suggestion
(7). On the contrary, substantial evidence supports ani-
mal protein’s beneficial effect on skeletal health (7).

Effect of Meat’s Phosphorus on Calcium
Excretion

Because protein is rarely ingested as an isolated
nutrient, its interaction with calcium metabolism be-
comes more complex. Protein is typically consumed
as foods, particularly meat and dairy products, which
contain other nutrients. Among these other nutrients is
phosphorus, a mineral known to decrease urinary cal-
cium loss. In fact, studies with high phosphorus diets
and with meat diets have demonstrated reduced uri-
nary calcium excretion (4,6,16,17).

Although phosphorus in protein-rich foods blunts
the increase in urinary calcium, it also increases the
calcium content of digestive secretions, thereby increas-
ing the loss of calcium through the feces (3-5). Because
these two effects of phosphorus are approximately equal
in magnitude, the same net protein-induced negative
calcium balance remains (6).

Protein intake increases urinary calcium loss and
does not increase calcium absorption (18), but whether
or not a negative calcium balance results depends on
dietary calcium intake (1,18). Higher calcium intakes
offset the calciuric effects of protein. Thus, when cal-
cium intake is adequate, protein intake does not ad-
versely affect calcium balance (1,7,18).
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Dietary Calcium to Protein Ratio

The effect of protein intake on calcium balance is
often interpreted as negative, especially in the consumer
press. However, this is a classic case of a nutrient-nu-
trient interaction and should be viewed in terms of the
calcium to protein intake ratio (4). The calcium:protein
ratio of the diet has been found to be more closely re-
lated (positively) to rate of bone gain than either cal-
cium intake (positive) or protein intake (negative) alone
(19).

Typically, Americans’ protein intakes are above and
their calcium intakes are well below recommended
dietary intake levels (20-22). Based on current dietary
recommendations for calcium (1) and protein (2), a di-
etary calcium to protein ratio of 16:1 (mg:g) or higher
likely provides adequate protection for the skeleton and
can be considered optimal for adults (Table 1). How-
ever, nutrient intake data from USDA’s 1994-96 Con-
tinuing Survey of Food Intakes by Individuals (CSFII)
(20) reveal that a calcium to protein ratio of about half
the optimal ratio is achieved by adults (Table 1). Simi-
lar findings are observed from the Third National Health
and Nutrition Examination Survey (21,22). Although
protein intakes are somewhat higher than recom-
mended, low calcium intake is the real problem (5).

Protein’s Positive Effect on Bone

Protein intakes of most adult Americans exceed rec-
ommended intake levels (20,21). According to data from
the CSFII, females 20 years and older consumed an av-
erage of 63 g protein per day (126-137% of the RDA),
while males 29 years and older consumed an average
of 95 g protein per day (151-164% of the RDA) (20).

Table 1. Optimal vs. Actual Dietary Calcium: Protein Ratio
(mg:g) for Adults (1,2,20)

Sex/Age  Optimal Calcium  Protein Dietary

Group Calcium: Intake Intake  Calcium:
Protein (mg) (® Protein
Ratio’ Ratio
(mg:g) (mg:g)
Males
30-39 16 951 102.7 9.3
40-49 16 876 95.3 9.2
50-59 19 791 90.3 8.8
60-69 19 796 83.5 9.5
70+ 19 746 72.9 10.2
Females
30-39 20 661 65.3 10.1
40-49 20 634 63.5 10.0
50-59 24 630 64.1 9.8
60-69 24 604 60.4 10.0
70+ 24 584 56.6 10.3

'Based on DRI for Calcium (1) and RDA for protein (2).

While excess protein intake is common for the av-
erage American, consuming too little protein, especially
from animal sources, can increase the risk for weak-
ened bones and osteoporosis (6,10-13). In older adults,
protein intake has been found to be positively corre-
lated with bone mineral density and inversely related
to rates of bone loss (10-13). A 6-month, randomized,
double-blind, placebo-controlled trial of 82 older adults
who had suffered a hip fracture found that increasing
protein intake decreased loss of leg bone density by
50%, increased blood levels of insulin-like growth fac-
tor, which promotes bone gain, and reduced the stay in
the rehabilitation hospital by 10 days (11).

In the lowa Women’s Health Study of more than
32,000 women, higher intakes of protein, especially
from animal sources, were associated with reduced risk
of hip fractures in postmenopausal women (Figure 1)
(12). Women with hip fractures consumed less red meat
(beef, lamb, pork) than women who did not suffer hip
fractures.

Figure 1. Relative Risk of Hip Fracture in Postmenopausal
Women According to Quartile of Animal Protein
Intake (12)
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According to data from 615 older adults participat-
ing in the Framingham Osteoporosis Study, those who
reported the lowest daily protein intakes lost signifi-
cantly more bone in the hip and spine four years later
than those with the highest intakes of protein, most of
which was of animal origin (13).

Evidence to date fails to support the suggestion that
intake of protein, including animal protein, is harmful
to the skeleton (5,7). On the contrary, evidence indi-
cates just the opposite (7). Protein’s beneficial effect on
bone may be explained by a protein-induced increase
in insulin-like growth factor, which increases bone for-
mation (23).




Meat Diets and Bone Health

Studies indicate that intake of meat does not in-
crease calcium requirements or adversely affect bone
status (8,9). In a recent controlled feeding study, healthy
postmenopausal women consumed either a low meat
(1.5 oz/day) or a high meat (10 oz/day) diet with 700
mg calcium for 8 weeks each (9). Calcium retention,
biomarkers of bone formation and bone resorption, as
well as urinary calcium excretion did not differ between
the two dietary treatments. These findings support those
of an earlier metabolic study involving women aged
51 to 70 years who consumed either a high meat (10
oz/day) or low meat (1.5 oz/day) diet for 7 weeks in
random order (8). The high meat diet did not adversely
affect calcium balance or metabolic markers associ-
ated with calcium metabolism (8). Dietary protein in
the form of meat may be beneficial to bone health be-
cause this food contains other nutrients such as zinc,
which is important for bone building (5).

Putting Meat Protein in Perspective

The average American’s diet is unbalanced when
compared to the recommended servings from the Food
Guide Pyramid (24). Meat, which often is perceived as
being consumed in excess amounts, is part of the only
food group actually eaten in close to recommended
amounts. In contrast, major calcium sources (milk group
foods and certain vegetables) are underconsumed (24).
Also, if one examines the source of protein, meat con-
tributes only 21.2% of the protein available in the U.S.
food supply (25). Thus, if total protein were to be re-
duced, meat is certainly not the source to limit.

Recommendations

For many Americans, maintaining calcium balance
is a problem. Protein intake can increase urinary cal-
cium excretion, but no adverse effect on calcium bal-
ance or bone health occurs if adequate calcium is con-
sumed. The calciuretic effect of protein is no reason to
reduce intake of this nutrient or protein-rich foods such
as meat (e.g., beef). In fact, an adequate intake of pro-
tein supports bone health. There is no evidence that
consuming 2 to 3 servings/day from the Meat Group,
as recommended in the Food Guide Pyramid (26), is
harmful to bone health.

References

1. Institute of Medicine, Food and Nutrition Board. Standing
Committee on the Scientific Evaluation of Dietary Reference Intakes.
Dietary Reference Intakes for Calcium, Phosphorus, Magnesium,
Vitamin D, and Fluoride. Washington, D.C.: National Academy Press;
1997.

2. National Research Council, Subcommittee on the Tenth Edition of
the RDAs, Food and Nutrition Board, Commission on Life Sciences.
Recommended Dietary Allowances. 10th ed. Washington, D.C.:
National Academy Press; 1989.

3. Heaney, R.P; Recker, R.R. Effects of nitrogen, phosphorus, and
caffeine on calcium balance in women. J. Lab. Clin. Med. 99: 46-55;
1982.

4. Heaney, R.P. Protein intake and the calcium economy. J. Am.
Diet. Assoc. 93(11): 1259-1260; 1993.

5. Heaney, R.P. Excess dietary protein may not adversely affect bone.
J. Nutr. 128: 1054-1057; 1998.

6. Heaney, R.P; Abrams, S.; Dawson-Hughes, B.; Looker, A.;
Marcus, R.: Matkovic, V.; Weaver, C. Peak bone mass. Osteop. Int. 11:
985-1009; 2000.

7. Heaney, R.P. Protein intake and bone health: the influence of
belief systems on the conduct of nutritional science. Am. J. Clin. Nutr.
73:5-6; 2001.

8. Hunt, J.R;; Gallagher, S.K.; Johnson, L.K.; Lykken, G.I. High-versus
low-meat diets: effects on zinc absorption, iron status, and calcium,
copper, iron, magnesium, manganese, nitrogen, phosphorus, and zinc
balance in postmenopausal women. Am. J. Clin. Nutr. 62: 621-632;
1995.

9. Roughead, Z.K.; Lykken, G.I.; Hunt, J.R. Controlled high meat
diets do not affect calcium retention or indices of bone status in
healthy postmenopausal women. FASEB J 15(5): , 2001.

10. Bonjour, J.-P; Schurch, M.-A_; Rizzoli, R. Nutritional aspects of
hip fractures. Bone 18: 1395-144S; 1996.

11. Schurch, M.-A_; Rizzoli, R.; Slosman, D.; Vadas, L.; Vergnaud, P,;
Bonjour, J.-P. Protein supplements increase serum insulin-like growth
factor-I levels and attenuate proximal femur bone loss in patients with
recent hip fracture. Ann. Intern. Med. 128: 801-809; 1998.

12. Munger, R.G.; Cerhan, J.R.; Chiu, B.C.-H. Prospective study of
dietary protein intake and risk of hip fracture in postmenopausal
women. Am. J. Clin. Nutr. 69: 147-152; 1999.

13. Hannan, M.T.; Tucker, K.L.; Dawson-Hughes, B.; Cuppler, L.A.;
Felson, D.T.; Kiel, D.P. Effect of dietary protein on bone loss in elderly
men and women: the Framingham Osteoporosis Study. J. Bone Miner.
Res. 15: 2504-2512; 2000.

14. NIH Consensus Development Panel on Osteoporosis Prevention,
Diagnosis, and Therapy. Osteoporosis Prevention, Diagnosis, and
Therapy. JAMA 285: 785-795; 2001.

15. Sellmeyer, D.E.; Stone, K.L.; Sebastian, A.; Cummings, S.R. for the
Study of Osteoporotic Fractures Research Group. A high ratio of
dietary animal to vegetable protein increases the rate of bone loss and
risk of fracture in postmenopausal women. Am. J. Clin. Nutr. 73: 118-
122; 2001.

16. Spencer, H.; Menczel, J.; Lewin, I.; Samachson, J. Effect of high
phosphorus intake on calcium and phosphorus metabolism in man. J.
Nutr. 86: 125-132; 1965.

17. Spencer, H.; Kramer, L.; DeBartolo, M.; Norris, C.; Osis, D.
Further studies of the effect of a high protein diet as meat on calcium
metabolism. Am. J. Clin. Nutr. 37: 924-929; 1983.



18. Heaney, R.P. Dietary protein and phosphorus do not affect
calcium absorption. Am. J. Clin. Nutr. 72: 758-761; 2000.

19. Recker, R.R.; Davies, K.M.; Hinders, S.M.; Heaney, R.P.; Stegman,
M.R.; Kimmel, D.B. Bone gain in young adult women. JAMA 268:
2403-2408; 1992.

20. U.S. Department of Agriculture, Agricultural Research Service.
1997. Data tables: Results from USDA’s 1994-96 Continuing Survey of
Food Intakes by Individuals and 1994-96 Diet and Health Knowledge
Survey. February 1999.
http://www.barc.usda.gov/bhnrc/foodsurvey/home.htm

21. McDowell, M.A.; Briefel, R.R.; Alaimo, K.; Bischof, A.M.;
Caughman, C.R.; Carroll, M.D.; Loria, C.M.; Johnson, C.L. Energy and
macronutrient intakes of persons ages 2 months and over in the
United States: Third National Health and Nutrition Examination
Survey, Phase I, 1988-91. Advance data from Vital and Health
Statistics No. 255. Hyattsville, MD: National Center for Health
Statistics; 1994.

22. Alaimo, K.; McDowell, M.A_; Briefel, R.R.; Bischof, A.M.;
Caughman, C.R.; Loria, C.M.; Johnson, C.L. Dietary intake of vitamins,
minerals, and fiber of persons ages 2 months and over in the United
States: Third National Health and Nutrition Examination Survey, Phase
1, 1988-91. Advance Data from Vital and Health Statistics No. 258.
Hyattsville, MD: National Center for Health Statistics; 1994.

23. Amman, P;; Bourrin, S.; Bonjour, J.-P.; Meyer, ].M.; Rizzoli, R.
Protein undernutrition-induced bone loss is associated with IGF-I
levels and estrogen deficiency. J. Bone Miner. Res. 15: 683-690; 2000.

24. U.S. Department of Agriculture, Agricultural Research Service
2000. Pyramid Servings Intakes by U.S. Children and Adults: 1994-96,
1998. http://www.barc.usda.gov/bhnrc/cnrg/

25. Gerrior, S.; Bente, L. Nutrient Content of the U.S. Food Supply,
1909-97. Home Economics Research Report No. 54. U.S. Department
of Agriculture, Center for Nutrition Policy and Promotion; 2001, p. 78.

26. U.S. Department of Agriculture, Human Nutrition Information
Service. The Food Guide Pyramid. Home and Garden Bulletin No.
252. Washington, D.C.: Government Printing Office; 1992.

For more information, contact:

Nutrition Research

National Cattlemen’s Beef Association
P.O. Box 670

Bloomingdale, IL 60108-0670

(800) 368-3138
www.beefnutrition.org

This project was funded by beef producers through their $1-per-head checkoff
and was produced for the Cattlemen’s Beef Board and state beef councils by the
National Cattlemen’s Beef Association.

BEEF BEE F National Cattlemen’s

Beef Association

usaAY

©2001 Cattlemen’s Beef Board and National Cattlemen’s Beef Association



