
NUTRIENT INFORMATION

Calcium

C alcium is the fifth most abundant element in the
body with >99% residing in the skeleton as hydrox-
yapatite, a complex calcium phosphate molecule.

This mineral supplies the strength to bones that support
locomotion, but it also serves as a reservoir to maintain
serum calcium concentrations. Calcium plays a central role
in a wide range of essential functions. Its metabolism is reg-
ulated by 3 major transport systems: intestinal absorption,
renal reabsorption, and bone turnover. Calcium transport
in these tissues is regulated by a sophisticated homeo-
static hormonal system that involves parathyroid hormone,
and 1,25-dihydroxyvitamin D in response to decreased
serum ionized calcium, detected by the calcium-sensing
receptor (1).

Deficiencies
The only source of calcium is from the diet which must be
supplied daily to suppress bone resorption to replace obligatory
losses. Calcium insufficiency manifests as decreased bone mass
and osteoporotic fracture. However, calcium and vitamin D
supplementation does not reduce fracture risk in community-
dwelling and institutionalized middle-aged to older adults (2).
In the rapidly growing child, calcium deficiency causes rickets.
Low concentrations of intestinal calcium resulting from low
dietary intakes have also been associated with increased risk of
kidney stones and colon cancer (3). This is probably due to the
decreased binding and increased absorption of oxalic acid (the
main constituent of kidney stones) and of carcinogens such as
bile acids.

Diet Recommendations
The DRIs for calcium were updated in 2010 (4). The RDA is 700
mg/d for children aged 1–3 y, 1000 mg/d for children aged 4–
8 y, 1300 mg/d for adolescents, 1000 mg/d for younger adults,
1200 mg/d for women over age 51 y, and 1200 mg for men and
women over the age of 70 y. The mean ± SD prevalence of US
adults consuming below the Estimated Average Requirement
for calcium from food only is 37.7% ± 1.4%, but supplement
use decreases that to 19.6% ± 1.3% (5). Adolescents and
older individuals are the most likely groups to be deficient in
calcium in the United States (4). Prevalence of calcium intakes
below the Estimated Average Requirement is higher for blacks
(48.2% ± 1.4%) and Asians (47.0% ± 2.6%) than for Hispanics
(30.1% ± 2.0%) and least for whites (24.2% ± 0.7%) (6).
Socioeconomic status also influences calcium adequacy; fewer
US adults who are not poor are below the Estimated Average
Requirement than those considered poor or nearly poor (7).

Food Sources
Natural food sources of calcium are primarily dairy foods. A
cup (240 g) of milk or yogurt provides ∼300 mg calcium. A

plethora of calcium-fortified foods are available to consumers.
The fortified food with the most similar nutrient profile to
dairy is calcium-fortified soymilk. Calcium-fortified orange
juice also has many of the same nutrients as milk. Because
milk provides a substantial portion of the calcium, phosphorus,
riboflavin, and vitamin B-12 in the diet, it is difficult to
meet nutrient needs without 3 servings (240 g milk or
equivalent)/d of dairy foods as recommended by the Dietary
Guidelines for Americans (8). Plant-based milk alternative
beverages are becoming more popular, but except for fortified
soy (9), the others have not been evaluated for calcium
bioavailability.

Clinical Use of Calcium
Calcium used clinically is usually prescribed as a dietary
supplement. Various salts are in common use and include
carbonate, phosphate, citrate, and citrate malate. These are
usually consumed in the form of pills, but a number of calcium-
fortified juices are available, which, in general, are easier to
consume and are more digestible. Diseases treated with cal-
cium supplements fall into 3 categories. The first are diseases in
which the supplement is used to overcome calcium malabsorp-
tion by increasing the diffusion component of absorption. The
supplement (expressed as grams of elemental calcium) is most
effective when consumed frequently and between meals. The
diseases include hypoparathyroidism, malabsorptive bowel
disease, and osteoporosis. Calcium supplements (≤2 g/d) are
given in hypoparathyroidism to alleviate the hypocalcemia.
However, because hypocalcemia is due to decreased renal
calcium reabsorption, a dietary supplement has only marginal
effects on increasing fasting serum calcium. A greater effect
probably arises from chelation of dietary phosphate, which
reduces the hyperphosphatemia and promotes an increase in
fasting serum calcium (see below). In malabsorptive bowel
disease, such as may occur with small bowel resection and
celiac disease, calcium supplementation is used to optimize
calcium absorption. The most common use of calcium
supplementation (≤1.5 g/d) currently is for the prevention of
age-related osteoporosis (10). It is given to increase calcium
absorption and thus decrease bone resorption. At best, the
calcium supplement prevents bone loss but has no effect
on bone gain (11). The second category is comprised of
diseases in which the calcium supplement is used to chelate
certain dietary anions, particularly phosphate. This use is
largely restricted to chronic renal failure in which a reduction
in phosphate absorption, and thus in serum phosphate, is
the goal of treatment (12). In chronic renal failure, calcium
supplements have been given to bind phosphate. However,
calcium carbonate did not lower phosphorus balance in
patients with stage 3–4 chronic kidney disease (13). The
third category includes diseases with symptomatic gastric
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acidity. Calcium carbonate (Tums is the best known) is used
as an antacid between meals to neutralize gastric acidity in
gastroesophageal acid reflux disease and peptic ulcer disease.

Toxicity
The tolerable daily dietary upper intake level for calcium is
set at 2500–3000 mg for adolescents and adults, 2500 mg for
children, and 1000–1550 mg for infants (4). Intakes above these
levels are considered to increase the risk of adverse effects,
which are hypercalcemia and hypercalciuria, renal stone
formation, vascular and soft tissue calcification, interactions
with zinc and iron absorption, and constipation. These upper
intake levels are about 2–3 times the RDA.

Sustained fasting hypercalcemia does not arise from cal-
cium supplementation if the calcium–parathyroid hormone–
1,25-dihydroxyvitamin D axis is intact and renal function
and acid–base balance are normal. However, abnormalities
in these systems in combination with high-calcium dietary
supplements or intakes may lead to hypercalcemia. It also
occurs if high calcium intake is given with high intakes of alkali
that alter renal calcium reabsorption, as seen in milk alkali
syndrome (14). Hypercalciuria, high calcium excretion in the
urine, arises from the renal excretion of the absorbed calcium
that is in excess of the needs of the body stores, the major site
being in bone. Hypercalciuria is a risk factor for renal stone
formation owing to the precipitation of calcium oxalate and
calcium phosphate salts in urine. However, for calcium oxalate
stones, an increase in urine oxalate is a much greater risk factor
and for calcium phosphate stones, an increase in urine pH is a
greater risk factor for stone formation (15).

Mineralization in bone, soft tissues, and blood vessels
is a complex process (16). Although a supply of calcium
and particularly phosphate are required, the relation between
the serum calcium and phosphate activity product and the
presence of mineralization is never simple. Thus, the supply of
calcium in the diet is only a weak determinant of soft tissue
mineralization. Concern over calcium supplementation and
soft tissue calcification led to development of a systematic
review to inform a position paper by the National Osteoporosis
Foundation and American Society for Preventative Cardiology
concluding lack of evidence for such a relation (17).

Binding of essential micronutrients such as iron and zinc
is of concern in individuals at risk of these deficiencies.
Constipation is said to be a complication of high-calcium
dietary supplements, but it affects only some individuals and
its pathophysiology is obscure.

Recent Research
Studies of calcium interactions with other nutrients, i.e.,
protein, sodium, and phosphorus, are an active area of
research. For example, the interaction of dietary protein and
calcium determines the risk of fracture (18). Vitamin D status,
as assessed by serum 25-hydroxyvitamin D concentrations,
continues to be seen as a target for bone health (19) despite lack
of benefit of vitamin D supplementation to fractional calcium
absorption or other functional measures (20). Interventions

to improve the utilization of calcium such as prebiotics are
currently being investigated (21). As with other nutrients, more
attention is being given to dietary patterns and matrix effects of
the major food sources such as dairy for calcium, rather than
the nutrient in isolation (22).

Acknowledgments
Both authors read and approved the final manuscript.

Connie M Weaver

Department of Nutrition Science, Purdue University, West
Lafayette, IN

Munro Peacock

Indiana University School of Medicine, Indianapolis, IN

The authors reported no funding received for this study.

Author disclosures: MP, no conflicts of interest. CMW is a member of the
YINI (Yogurt in Nutrition) Board.

Address correspondence to CMW (e-mail: weavercm@purdue.edu).

References
1. Peacock M. Calcium metabolism in health and disease. Clin J Am

Soc Nephrol 2010;5:s23–30.
2. Zhao JG, Zeng XT, Wang J, Liu L. Association between calcium or

vitamin D supplementation and fracutre incidence in community-
dwelling older adults: a systematic review and meta-analysis.
JAMA 2017; 328:2466–82.

3. Weaver CM, Heaney RP. Calcium. In: Shils ME, Shike M, Ross AC,
Caballero B, Cousins RJ, editors. Modern nutrition in health and
disease. 10th ed. Baltimore (MD): Lippincott Williams & Wilkins;
2006. p. 194–210.

4. Institute of Medicine. Dietary reference intakes for calcium and
vitamin D. Washington (DC): The National Academies Press;
2011.

5. Blumberg JB, Frei BB, Fulgoni VL, Weaver CM, Zeisel SH. Impact
of frequency of multi-vitamin/multi-mineral supplement intake
on nutritional adequacy and nutrient deficiencies in U.S. adults.
Nutrients 2017;9:849–67.

6. Blumberg JB, Frei BB, Fulgoni VL, Weaver CM, Zeisel SH.
Contribution of dietary supplements to nutritional adequacy in
race/ethnic population subgroups in the United States. Nutrients
2017;9:1295–304.

7. Blumberg JB, Frei B, Fulgoni VL, III, Weaver CM, Zeisel SH.
Contribution of dietary supplements to nutritional adequacy by
socioeconomic subgroups in adults of the United States. Nutrients
2018;10:4.

8. USDA. Report of the Dietary Guidelines Advisory Committee on
the Dietary Guidelines for Americans, 2010. Washington (DC):
USDA; 2010.

9. Zhao Y, Martin BR, Weaver CM. Calcium bioavailability of
calcium carbonate fortified soymilk is equivalent to cow’s milk in
young women. J Nutr 2005;135:2379–92.

10. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM,
Hanley DA, Heaney RP, Murad MH, Weaver CM. Evaluation,

Calcium 547

mailto:weavercm@purdue.edu


treatment, and prevention of vitamin D deficiency: an Endocrine
Society Clinical Practice Guideline. J Clin Endocrinol Metab
2011;96:1911–30.

11. Peacock M, Liu G, Carey M, McClintock R, Ambrosius W,
Hui SL, Johnston CC. Effect of calcium or 25OH vitamin D3
dietary supplementation on bone loss at the hip in men and
women over the age of 60. J Clin Endocrinol Metab 2000;85:
3011–19.

12. Kazama JJ. Oral phosphate binders: history and prospects. Bone
2009;45:s8–12.

13. Hill KM, Martin BR, Wastney ME, McCabe GP, Moe SM, Weaver
CM, Peacock M. Oral calcium carbonate affects calcium but not
phosphorus balance in stage 3–4 chronic kidney disease. Kidney
Intl 2013;83:959–66.

14. Felsenfeld AJ, Levine BS. Milk alkali syndrome and the dynamics
of calcium homeostasis. Clin J Am Soc Nephrol 2006;1:
641–54.

15. Robertson WG, Peacock M. The cause of idiopathic calcium stone
disease: hypercalciuria or hyperoxaluria? Nephron 1980;26:105–
10.

16. Murshed M, McKee MD. Molecular determinants of extracellular
matrix mineralization in bone and blood vessels. Curr Opin
Nephrol Hypertens 2010;19:359–65.

17. Kopecky SL, Bauer DC, Gulati M, Nieves JW, Singer AJ, Toth
PP, Underberg JA, Wallace TC, Weaver CM. Lack of evidence
linking calcium with or without vitamin D supplementation to
cardiovascular disease in generally healthy adults: a position
statement from the National Osteoporosis Foundation and

American Society for Preventive Cardiology. Ann Intern Med
2016;165:867–8.

18. Mangano KM, Sahni S, Kerstetter JE. Dietary protein is beneficial
to bone health under conditions of adequate calcium intake: an
update on clinical research. Curr Opin Clin Nutr Metab Care
2014;17:69–74.

19. O’Callaghan KM, Hennessy A, Hull GLJ, Healy K, Ritz C, Kenny
LC, Cashman KD, Kiely ME. Estimation of the maternal vitamin
D intake that maintains circulating 25-hydroxyvitamin D in late
gestation at a concentration sufficient to keep umbilical cord
sera ≥25–30 nmol/L: a dose-response, double-blind, randomized
placebo-controlled trial in pregnant women at northern latitude.
Am J Clin Nutr 2018;108:77–91.

20. Lewis RD, Liang EM, Hill Gallant KM, Hall DB, McCabe GP,
Hausman DB, Martin BR, Warden SJ, Peacock M, Weaver CM.
A randomized trial of vitamin D3 supplementation in children:
dose-response effects on vitamin D metabolites and calcium
absorption. J Clin Endocrin Med 2013;98:4816–25.

21. Jakeman SA, Henry CN, Martin BR, McCabe GP, McCabe
LD, Jackson JS, Peacock M, Weaver CM. Soluble corn fiber
increases bone retention in postmenopausal women in a dose-
dependent manner: a randomized crossover trial. Am J Clin Nutr
2016;104:837–43.

22. Thorning TK, Bertram HC, Bonjour JP, de Groot L, Dupont D,
Feeney E, Ipsen R, Lecerf JM, Mackie A, McKinley MC, et al.
Whole dairy matrix or single nutrients in assessment of health
effects: current evidence and knowledge gaps. Am J Clin Nutr
2017;105:1033–45.

548 Weaver and Peacock


	Calcium
	Deficiencies
	Diet Recommendations
	Food Sources
	Clinical Use of Calcium
	Toxicity
	Recent Research
	Acknowledgments
	References


