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A 62-year-old healthy woman presents for routine care. She has no history of frac-
ture, but she is worried about osteoporosis because her mother had a hip fracture at 
72 years of age. She exercises regularly and has taken over-the-counter calcium car-
bonate at a dose of 1000 mg three times a day since her menopause at 54 years of age. 
This regimen provides 1200 mg of elemental calcium per day. She eats a healthy diet 
with multiple servings of fruits and vegetables and consumes one 8-oz serving of 
low-fat yogurt and one glass of low-fat milk almost every day. She recently heard that 
calcium supplements could increase her risk of cardiovascular disease and wants 
your opinion about whether or not she should receive them. What would you advise?

The Clinic a l Problem

Both clinicians and patients are likely to be confused by the inconsistent and some-
times conflicting advice about the amount of calcium intake required to reduce the 
risk of fracture and, in particular, whether calcium supplements are necessary. 
Long-term calcium deficiency can clearly confer a predisposition to osteoporosis,1 
but many persons mistakenly believe that postmenopausal and age-related bone 
loss and the associated increase in susceptibility to fracture can largely be avoided 
with the use of calcium supplementation. Although some persons remain at risk for 
calcium deficiency, other persons, particularly those receiving calcium supplements, 
may receive more than the recommended daily intake.

The complex and incompletely understood interaction between calcium and 
vitamin D intake complicates our understanding of the benefits and risks associ-
ated with either one alone.2,3 For example, a recent randomized trial showed that 
even high doses of vitamin D3 (4800 IU per day) had modest beneficial effects on 
calcium absorption (a 6% increase) among postmenopausal women with low se-
rum levels of 25-hydroxyvitamin D.4 Furthermore, a number of clinical trials have 
studied the combination of calcium plus vitamin D in various doses, but fewer 
trials have examined the effects of calcium alone on the skeleton.

This review summarizes our current understanding of calcium intake as it re-
lates to fracture risk and discusses concerns about the safety of calcium supple-
ments. Other reviews have addressed the physiology of calcium metabolism and 
the ongoing controversies about vitamin D.2,5

Strategies and Evidence
Calcium Requirements
More than 98% of all calcium in the body is contained within the skeleton. Bone 
serves as a reservoir for calcium, which can be stored and released when needed. 
Calcium has at least two key physiological functions in adults: it is an intracellular 
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messenger and it is a key component of hydroxy-
apatite, which is present in great quantities in 
the organic matrix of bone and provides strength 
and rigidity to the skeleton. Because of obligate 
losses in urine, sweat, and stool, insufficient cal-
cium intake over a prolonged period may eventu-
ally affect important physiological processes.

Primarily on the basis of studies of calcium 
balance in persons younger than 50 years of age 
and the known acceleration of bone loss that 
occurs with menopause and advanced aging, the 
Institute of Medicine (IOM) has issued guide-
lines regarding the dietary intake of calcium 
according to sex and age5 (Table 1). The recom-
mended calcium intake and the calcium content 

of various foods and supplements are quantified 
in milligrams of elemental calcium. Different 
supplement formulations provide different 
amounts of elemental calcium. The recommend-
ed dietary allowances are based on requirements 
for healthy populations. The recommended up-
per intake levels are based primarily on the risk 
of nephrolithiasis observed in studies of calcium 
supplementation in postmenopausal women. 
Calcium absorption is increased in pregnant and 
lactating women, but the recommended calcium 
intake for these women does not differ from 
that for other women in the same age group.

In a population-based study involving adults 
in the United States, the dietary intake of ele-
mental calcium varied according to age group 
but averaged 900 to 1200 mg in men and 750 to 
850 mg in women; the lowest intake was observed 
among men and women older than 70 years of 
age.6 More than 70% of dietary calcium comes 
from dairy products.5 To estimate a person’s 
daily dietary calcium intake, clinicians can as-
sume that most adults consume about 300 mg of 
calcium per day from nondairy sources (e.g., 
various vegetables and grains) and then estimate 
the total daily intake by calculating the addi-
tional daily intake of dairy products (Table 2). 
The use of calcium supplements is common; 
cross-sectional surveys have shown that 43% of 
U.S. adults (and almost 70% of postmenopausal 
women) regularly take calcium supplements.8 De-
spite frequent use of calcium supplements, many 
adults in the United States, particularly postmeno-
pausal women, do not consume the recommended 

key Clinical points

Calcium Supplements and Fracture Prevention

•	 The	recommended	dietary	intake	of	calcium	for	women	19	to	50	years	of	age	and	men	19	to	70	years	of	age	is	1000	mg	per	
day;	women	older	than	age	50	and	men	older	than	age	70	require	1200	mg	per	day.	Calcium	intake	above	2500	mg	per	day	
(2000 mg per day in persons >50 years of age) should be avoided.

•	 Adequate	calcium	intake	is	important	for	skeletal	health	at	all	ages.	Inadequate	calcium	intake	in	adults	is	common,	particular-
ly	in	men	and	women	older	than	70	years	of	age,	and	is	associated	with	increased	bone	loss	and	an	increased	risk	of	fracture.

•	 Consumption	of	calcium-rich	foods	and	beverages	is	the	preferred	approach	to	ensuring	adequate	calcium	intake.	There	is	
insufficient evidence to recommend routine calcium supplementation in community-dwelling adults, but supplements 
should	be	considered	when	dietary	intake	is	inadequate.

•	 Calcium	supplements	usually	have	few	side	effects,	although	constipation	and	bloating	are	common	and	nephrolithiasis	
occurs infrequently.

•	 Recent	studies	have	raised	concern	about	an	increased	cardiovascular	risk	with	the	use	of	calcium	supplements,	but	the	
findings are inconsistent and inconclusive.

Table 1. Recommended Dietary Intake of Elemental Calcium for Healthy Persons.*

Sex and Age RDA Upper Intake Level

mg/day mg/day

Female

19–50 yr† 1000 2500

>50 yr 1200 2000

Male

19–50 yr 1000 2500

>50–70 yr 1000 2000

>70 yr 1200 2000

*	The	recommended	dietary	allowance	(RDA)	is	the	level	of	dietary	intake	that	
is	likely	to	meet	the	needs	of	97%	of	the	population.	The	upper	intake	level	is	
the level above which the potential for harm increases. Data are from the 
Institute	of	Medicine.5

† This category includes women older than 19 years of age who are pregnant or 
lactating.
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1000 to 1200 mg of elemental calcium per day, 
and few consume more than the recommended 
upper intake level of 2000 to 2500 mg per day.

Dietary Calcium versus Calcium Supplements
In general, calcium-rich foods and beverages, 
particularly dairy products, are the preferred 
sources of calcium because they are widely avail-
able, and with the exception of lactose intoler-
ance, they are associated with few adverse ef-
fects. Some evidence suggests that a greater 
proportion of ingested calcium is absorbed from 
certain dietary sources such as broccoli and kale 
than from calcium supplements.5 Although data 
involving clinical outcomes (fractures) are lack-
ing, physiological studies suggest no material 
differences in the metabolic actions of dietary 
calcium as compared with calcium obtained from 
supplements.9,10 Therefore, the decision about 
whether or not to receive supplements depends 
on the adequacy of dietary calcium intake and 

the balance between the potential benefits and 
harms of supplements. The safety and side-effect 
profile of calcium supplements are described 
below.

Calcium supplements are available over the 
counter; labels commonly include both the total 
milligrams of calcium salt and the milligrams of 
elemental calcium in each tablet. Determination 
of the dose required to meet daily calcium re-
quirements is based on the amount of elemental 
calcium. Commonly used preparations include 
purified calcium carbonate, calcium citrate, and, 
to a lesser extent, calcium lactate and calcium 
gluconate; preparations differ in the amount of 
elemental calcium provided (Table 3). Calcium 
carbonate provides relatively high elemental cal-
cium content (40%) and is inexpensive and widely 
available. As compared with other calcium sup-
plements, calcium carbonate is more likely to 
cause constipation and bloating11 and should be 
taken with meals, since gastric acidity is required 

Table 2. Well-Absorbed Dietary Sources of Calcium.*

Type of Food Serving Size
Elemental Calcium  

per Serving
Calories  

per Serving

mg kcal

Dairy products

Plain low-fat yogurt 8.0 oz 448 154

Low-fat yogurt with fruit 8.0 oz 384 238

Mozzarella,	part	skim	milk 1.5 oz 333 108

Cheddar cheese 1.5 oz 307 171

2%	Low-fat	milk 1 cup 293 122

Low-fat cottage cheese 1 cup 206 194

Fruits and vegetables

Calcium-fortified orange juice 6.0 oz 261  88

Raw	kale 1 cup 100  33

Raw	bok	choy 1 cup  74   9

Raw	broccoli 1 cup  43  31

Canned fish

Sardines 3.0 oz 325 177

Pink	salmon 3.0 oz 183 110

Grains

Fortified, ready-to-eat cereals 1 cup 100–1333 100–160

Fortified,	cooked	oat	cereals 1 cup 187 159

Commercially prepared white or wheat bread 1 slice 30–73 69–74

* These foods contain low levels of oxalic and phytic acid. Data are from the National Nutrient Database for Standard 
Reference	of	the	U.S.	Department	of	Agriculture.7
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for sufficient absorption. As compared with cal-
cium carbonate, calcium citrate provides less 
elemental calcium (21%), but it is a reasonable 
alternative in patients with bothersome gastro-
intestinal symptoms; it may be taken with or 
without meals, since absorption is not depen-
dent on gastric acidity. If daily supplementation 
with more than 500 mg of elemental calcium is 
required, divided doses are recommended to 
improve absorption and minimize gastrointesti-
nal side effects.

Potential Benefits of Calcium Intake
Perimenopausal and age-related bone loss, and 
the accompanying increased risk of fracture, oc-
cur when there is a net loss of calcium in the 
skeleton due to an imbalance between bone re-
sorption and bone formation. Although peri-
menopausal bone loss is primarily related to the 
loss of estrogen, age-related bone loss in both 
men and women is determined by genetic, hor-
monal, and other factors. Observational studies 
suggest that bone loss and fracture risk increase 
when calcium intake is below 700 to 800 mg per 
day.1,12 Conversely, the effect of additional calci-
um intake on bone loss among persons who do 
not have a calcium deficiency is less clear and is 
probably modest.13

Many trials have assessed the antifracture 
benefits of calcium supplements, but most, such 
as the Women’s Health Initiative (WHI) Calcium/
Vitamin D Supplementation trial, included vita-
min D as part of the intervention and did not 

preferentially recruit persons with low dietary 
calcium intake.14 The WHI trial did not show a 
significant reduction in hip fractures or other 
fractures in women randomly assigned to 1000 mg 
of elemental calcium plus 400 IU of vitamin D 
per day as compared with women assigned to 
placebo, perhaps because the mean calcium in-
take in the placebo group was 1154 mg per day.15 
However, pooled analyses of the combination of 
calcium plus vitamin D have suggested a modest 
protective effect on fractures, particularly among 
frail and elderly persons.16,17 For example, a meta-
analysis of 16 placebo-controlled trials of calcium 
and vitamin D supplements (including the WHI 
trial) recently performed for the U.S. Preventive 
Services Task Force showed an overall 12% re-
duction in the risk of any fracture.16 In this 
analysis, the benefits of calcium and vitamin D 
with respect to fracture risk were significant 
among institutionalized persons (relative risk, 
0.71; 95% confidence interval [CI], 0.57 to 0.89) 
but not among community-dwelling persons 
(relative risk, 0.89; 95% CI, 0.76 to 1.04) (P = 0.07 
for interaction). Fewer trials have specifically 
examined the skeletal effects of calcium supple-
ments alone, but a meta-analysis that pooled the 
results of 9 randomized trials of calcium supple-
ments alone (involving a total of 6517 persons) 
showed that the overall reduction in fractures 
was 10%.17 Conversely, a pooled analysis of 3 tri-
als of calcium alone showed an unexpected 
50% increase in the risk of hip fracture.18 Thus, 
current evidence suggests that supplementation 

Table 3. Widely Available Calcium Supplements.

Formulation Dose
Elemental Calcium  

Content Comments

percent

Calcium carbonate One	or	two	500-mg	tablets	taken	
orally two or three times daily 
with meals

40 Least expensive and most commonly 
used	supplement;	should	be	taken	
with meals, since acidity improves 
 absorption; can cause constipation

Calcium citrate One or two 950-mg or 1000-mg 
tablets	taken	orally	two	or	 
three times daily

21 Less dependent on acidity for absorption, 
so	it	does	not	need	to	be	taken	with	
meals; may be used with agents for 
long-term gastric acid suppression

Calcium gluconate 500, 648, or 972 mg 9 Rarely	used	for	fracture	prevention

Calcium lactate 300 or 325 mg 13 Rarely	used	for	fracture	prevention

Bone meal, oyster 
shell, dolomite

Varies 30 Primarily contains calcium carbonate but 
may contain detectable lead and 
should be avoided during pregnancy
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with calcium and vitamin D or with calcium 
alone has a modest overall effect on the risk of 
fracture, and whether or not routine use of sup-
plements is beneficial for community-dwelling 
persons remains uncertain.

Potential Harms of Calcium Intake
Although calcium supplements have few side ef-
fects, minor constipation and dyspepsia are com-
mon. The risk of nephrolithiasis is increased with 
the use of calcium supplements (the relative risk 
was 1.17 in the WHI trial),19 and the risk appears 
to be dose-dependent.20 Conversely, in observa-
tional studies, a higher dietary intake of calcium 
has been associated with a lower risk of nephro-
lithiasis, perhaps because of a reduction in the 
intestinal absorption of oxylate.21 Early studies 
suggested that the use of calcium supplements 
might increase the risk of prostate cancer among 
men, but a recent meta-analysis that included 
more than 4000 cases of prostate cancer showed 
no association with the use of calcium supple-
ments.16

Several studies have raised concerns about a 
possible increase in cardiovascular risk associ-
ated with calcium supplementation. A meta-
analysis of published results of 11 placebo-con-
trolled trials of calcium supplements without 
vitamin D showed an increased risk of myocar-
dial infarction among persons randomly assigned 
to calcium (odds ratio, 1.27; 95% CI, 1.01 to 
1.59).22 The authors speculated that transient 
supplement-related increases in serum calcium 
levels18 might precipitate arrhythmias or perhaps 
promote vascular calcification. This meta-analy-
sis received considerable attention but was criti-
cized because of inconsistent adjudication of 
events, marginal statistical significance, and ex-
clusion of trials assessing calcium plus vitamin D. 
Among the trials not included in this meta-
analysis was the WHI trial,14 which involved 
more than 36,000 women and showed no sig-
nificant increase in adjudicated cardiovascular 
events23 or overall mortality24 among women 
who received calcium plus vitamin D. In a sub-
sequent meta-analysis, the same investigators 
included data from trials of calcium plus vita-
min D, including some of the WHI trial data,25 
but they still excluded WHI participants who 
were receiving calcium supplements at baseline 
(approximately 54%14,23); the pooled summary 
estimate of the risk of myocardial infarction as-

sociated with supplementation in this updated 
analysis yielded similar results (odds ratio, 1.24; 
95% CI, 1.07 to 1.45). The exclusion was based 
on the argument that a risk associated with sup-
plements might be obscured among these women 
if it was attributable to abrupt changes in plasma 
calcium concentrations after the consumption of 
supplements. This approach has been subject to 
criticism and to considerable debate.26-30 A 2010 
meta-analysis31 that included all participants in 
the WHI trial showed no significant relationship 
between supplementation and cardiovascular 
events in pooled analyses of 2 trials of calcium 
plus vitamin D (relative risk, 1.04; 95% CI, 0.92 
to 1.18) or in 3 trials of calcium supplements 
alone (relative risk, 1.14; 95% CI, 0.92 to 1.41). 
In another placebo-controlled trial of supple-
mentation with calcium carbonate (1200 mg of 
elemental calcium per day) involving 1460 older 
women (mean age, 75 years),32 calcium supple-
mentation did not result in an increase in the 
risk of death or atherosclerotic events requiring 
hospitalization (identified through a validated 
registry) over a follow-up period of 5 years.

Observational studies have also yielded con-
flicting results.33-41 For example, whereas two 
large, prospective cohort studies showed that 
the use of calcium supplements was associated 
with an increased risk of cardiovascular events 
or death,33,34 a large Canadian prospective cohort 
study35 and the extended follow-up of the WHI 
trial36 showed no significant association between 
the use of calcium supplements and cardiovascu-
lar events. Several studies have shown no rela-
tionship between higher dietary intake of calcium 
and adverse cardiovascular outcomes.33-35,37-39 
In contrast, a recent study involving a Swedish 
cohort showed that, as compared with women 
with intakes between 600 and 999 mg per day, 
rates of death from cardiovascular causes and 
death from any cause were higher among women 
with a dietary or total calcium intake of 1400 mg 
per day or more but there was no increased risk 
with intakes of 1000 to 1399 mg per day.40 Nei-
ther the prospective Framingham Heart Study41 
nor the WHI trial42 showed a relationship be-
tween the use of calcium supplements and the 
coronary calcium score.

In summary, the evidence suggesting adverse 
cardiovascular effects of calcium supplementa-
tion is inconsistent, and an accepted biologic ex-
planation is lacking; the clinical significance of 
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transient supplement-related increases in serum 
calcium levels is unknown. However, pending 
further data, a reasonable approach is to prefer-
entially encourage dietary calcium intake and dis-
courage the routine use of calcium supplements.

Patient Education
Patients who can consume dairy products with-
out adverse effects should be encouraged to reg-
ularly consume them along with other foods that 
have a high calcium content (Table 2). Since cal-
cium fortification of processed food and bever-
ages is variable, labels must be checked carefully 
to determine the calcium (and caloric) content 
per serving and the serving size. For persons who 
are unable to meet recommended daily calcium 
requirements with dietary intake alone, calcium 
supplementation should be discussed; the side-
effect profile (Table 3) and cost should be consid-
ered in choosing a supplement.11 Supplement 
dosing combined with dietary intake should be 
sufficient to approximate but not exceed the IOM 
daily guidelines.

Areas of Uncertainty

Further research is needed to determine whether 
clinically important differences exist between 
formulations of calcium supplements with respect 
to skeletal benefits and potential side effects and 
to establish calcium requirements for premeno-
pausal women, men, and nonwhite populations.43 
In addition, data from randomized trials that in-
clude systematic collection and adjudication of 
cardiovascular events are needed to clarify 
whether calcium supplementation increases car-
diovascular risk.

Guidelines

The IOM has issued guidelines for daily dietary 
calcium intake in children and adults (Table 1).

An expert panel convened in 2011 by the 
American Society for Bone and Mineral Research 
found that the evidence was insufficient to con-
clude that calcium supplements cause cardiovas-
cular events.44

In a 2013 update,45 the U.S. Preventive Ser-
vices Task Force found insufficient evidence to 

assess the benefits and harms of daily supple-
mentation with more than 1000 mg of calcium 
(or more than 400 IU of vitamin D) for the pri-
mary prevention of fractures in noninstitutional-
ized postmenopausal women. However, the task 
force cited the negative results of the WHI trial 
and recommended against routine daily supple-
mentation with 1000 mg or less of calcium or 
400 IU or less of vitamin D. They found insuffi-
cient evidence to recommend for or against the 
use of calcium supplements in men and premeno-
pausal women. Although the authors of the rec-
ommendation statement acknowledged the im-
portance of adequate calcium intake for skeletal 
health, they did not address supplementation spe-
cifically in persons with inadequate dietary intake.

Conclusions a nd 
R ecommendations

The healthy postmenopausal woman described in 
the vignette reports a current total daily intake of 
2240 mg of elemental calcium: a dietary intake of 
about 1040 mg (approximately 300 mg from non-
dairy sources and 740 mg from dairy products) 
and supplements that provide 1200 mg of calcium. 
Since her calcium intake is substantially greater 
than the IOM recommendation of 1200 mg per day 
for postmenopausal women, I would recommend 
that she increase her dietary calcium intake by 
200 mg per day and discontinue her calcium sup-
plements. If increasing her dietary intake is not 
feasible, she can reduce her calcium carbonate 
supplementation to one 500-mg tablet each day. 
She should be informed that supplement use, but 
not increased dietary intake, modestly increases 
the risk of nephrolithiasis, and she should be ad-
vised about a potential increased risk of cardiovas-
cular events, although the evidence of the latter is 
currently inconsistent and inconclusive. If she 
continues to supplement her dietary calcium in-
take, she should be advised to take calcium car-
bonate with meals to optimize absorption.

Dr. Bauer reports receiving grant support through his institu-
tion from Amgen and Novartis. No other potential conflict of 
interest relevant to this article was reported.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.
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