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Calcium is a nutrient most often associated with the formation, metabolism, strength, and health

of bones and teeth (IOM 2011). Over 99 percent of calcium in the body resides in bones and
teeth as calcium hydroxyapatite (IOM 2011; EFSA 2012; EFSA 2015). This mineral also plays a

significant role as a second messenger in cell-signaling pathways, including the regulation of

vascular contraction and dilation, muscle function, nerve transmission, intracellular signaling,

and hormonal secretion functions (NIH 2025; Delage 2017; SCF 2003). Additionally, calcium
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has a role in protein regulation through protein stabilization and enhancing enzymatic activity
(Delage 2017). In its structural roles, calcium has a substantial impact on presence or absence of
osteoporosis. Calcium absorption and utilization may be dependent on and influenced by dietary
intakes of phosphorus and vitamin D, as well as other factors such as parathyroid hormone, the
peptide calcitonin, and estrogen (IOM 2011). Calcium homeostasis is maintained by hormones,
such as parathyroid hormone, hydroxylated vitamin D3 and calcitonin, and these hormones help

regulate calcium transport in the intestines, kidneys, and bones (Yu and Sharma 2023).

The role of dietary calcium and vitamin D in reducing the risk or delaying the onset of
osteoporosis is now well recognized (FDA 1994). Because bone loss often accompanies the
aging process, sufficient calcium intake during early adulthood increases peak bone mass,
thereby reducing the risk of osteoporosis decades later (Heaney et al. 2000). Increases in calcium
intake in postmenopausal women delay calcium loss from bone, thus lowering the risk of
declines in bone mineral density to osteoporotic levels. Calcium intakes of 1,000 to 2,000 mg per
day have been shown to increase or slow the decline in bone density and to reduce the risk of

osteoporosis (FDA 1994; Amarnath et al. 2023).

The main dietary sources of calcium are dairy products, as well as dark green vegetables,
legumes, nuts, fish with soft bones, calcium-fortified foods, and hard water (EFSA 2015). The
most frequently utilized forms of calcium in dietary supplements are calcium carbonate and
calcium citrate; other forms include calcium sulfate, ascorbate, gluconate, lactate, phosphate, and

a microcrystalline hydroxyapatite (NIH 2025).

The current chapter focuses on the derivation of an UL value for supplemental calcium in adults.

Bioavailability

Calcium absorption occurs via both active transport mechanisms and passive diffusion across the
intestinal mucosa; both processes are regulated by dietary intake concentrations (EFSA 2012,
2015). The source of calcium, whether consumed from food or dietary supplements, does not
influence nor alter the absorption process (EFSA 2012; NIH 2025). Calcium absorption is

influenced by vitamin D status, solubility of the calcium salt form, and whether the calcium is
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bound to soluble organic molecules (EFSA 2012, 2015).

During active transport, vitamin D facilitates intestinal calcium absorption and maintains
adequate calcium levels in the blood (NIH 2025). The entry of calcium into the enterocyte is
controlled by a hydroxylated form of vitamin D (25-hydroxy-calciferol). Calcium is transported
to the interior of the enterocyte by a calcium-binding protein and extruded from the basolateral
membrane, against the concentration gradient, by an intestinal plasma pump. Both transporter
proteins are controlled by the presence of vitamin D. The active transport mechanism of calcium
can be saturated (EFSA 2012, 2015). Conversely, passive diffusion is a non-saturable,
paracellular process taking place throughout the entire length of the intestine where transport
occurs at tight junctions and structures within intercellular spaces (EFSA 2012, 2015). Passive

diffusion utilizes the electrochemical gradient involving water, sodium, and glucose (SCF 2003).

Active transport is the primary route of calcium absorption and passive diffusion is responsible
for 8 to 23% of total calcium absorption in healthy adults (EFSA 2015; McCormick 2002). The
fractional absorption of calcium is highest in infants (~60%) and gradually decreases with age in
adulthood (Amarnath et al. 2023). Calcium has been shown to be absorbed in the ileum and
duodenum, though it can also be absorbed by the colon via passive absorption (EFSA 2015;
Amarnath et al. 2023). Calcium is distributed to bone tissue and is stored in the skeleton and
teeth (ESFA 2015). Data indicate that 50% of ingested calcium is excreted in feces, 22% in
urine, and trace amounts are detected in sweat, skin, and hair (SCF 2003; Amarnath et al. 2023).

Unabsorbed calcium is bound to bile acids, free fatty acids, or oxalic acid and excreted in feces
(SCF 2003).

Safety Considerations

Calcium from dietary supplement use has been associated with gastrointestinal side effects in
some individuals (Delage 2017; NIH 2025). These symptoms — gas, bloating, constipation,
diarrhea, and/or cramping — are considered not to be true hazards but instead nuisance effects,
as defined by CRN’s methodology (see Methodology chapter). In addition, such effects have
been shown to be avoided by taking calcium supplements in smaller doses and/or with meals,

and by switching to a different form of calcium (NIH 2025).
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Several potential adverse effects (i.e., true hazards) have been considered regarding

supplemental calcium intake, as discussed below.

Cardiovascular Effects

The cardiovascular safety of supplemental calcium has been questioned, primarily based on the
findings of a handful of studies. As discussed below, because of significant limitations in design
or interpretation, these reports do not provide strong evidence of harmful cardiovascular effects
of calcium supplementation. Considering the totality of available evidence, a relationship

between calcium intake and cardiovascular outcomes is likely not a concern.

No suggestions of serious cardiovascular effects from calcium supplements or calcium with
vitamin D had been reported until Bolland, Reid, and colleagues raised the issue of possible
increased risk of adverse cardiovascular events in their respective trials (Bolland et al. 2008;
Reid et al. 2008). However, although some of these data suggested a hazard ratio for calcium or
calcium plus vitamin D as high as 1.43 (43 percent increase in risk), after adjustment for known

cardiovascular risk factors, statistical significance was lost (Bolland et al. 2008).

Subsequently, and prior to the 3™ edition of this chapter, published results from several
epidemiological studies and one meta-analysis of select RCTs had prompted concern about
possible associations between calcium intake and a small increase in risk of adverse
cardiovascular events. In this meta-analysis, a subgroup analysis from a large clinical trial — the
Women’s Health Initiative (WHI) — played an important role (Bolland et al. 2010, 2011). On the
basis of this and a follow-up meta-analysis, study authors concluded that calcium
supplementation, with or without vitamin D, “modestly” increased the risk for myocardial
infarction or stroke and recommended that the use of such supplements in older people should be
reassessed (Bolland et al. 2011). However, several limitations in the design and execution of the
WHI trial were previously raised in CRN’s 3™ edition that preclude confidence in the analyses
and findings. These limitations included (1) inadequate monitoring and assessment of compliance
with the treatment protocol, (2) use of non-trial calcium supplements by the majority of subjects in

the placebo and calcium treatment groups, and (3) lack of information on and adjustment for


https://www.crnusa.org/resources/vitamin-mineral-safety

EXCERPTED FROM: Vitamin and Mineral Safety 4th Edition (2025) Council for Responsible Nutrition (CRN)
https.://www.crnusa.org/resources/vitamin-mineral-safety

known cardiovascular risk factors. With these limitations, confounding and bias cannot be

excluded as explanations for the results of the Bolland et al. (2011) subgroup analysis.

The conclusions and recommendations of Bolland, Reid, and colleagues, based on their own data
and interpretations, have also been questioned by experts who have raised concerns about the
methodology employed, the potential for bias and confounding, and a lack of biological
plausibility (Letters to the Editor 2008, 2010, 2011; Bockman et al. 2011; Nordin et al. 2011;
Wallace and Weaver 2020). Importantly, a comprehensive, independent analysis of the original
WHI dataset, the observational follow-up, and both datasets combined, found no evidence that
calcium supplementation increased the risk of myocardial infarction, coronary heart disease, stroke,
or total cardiovascular disease (Prentice et al. 2013). In fact, a reduction in total heart disease risk
and cardiovascular disease risk was suggested when considering the observational follow-up study

data.

While a comprehensive summary and assessment of all potentially relevant data is outside the
scope of this review, other studies have been published with inconsistent findings. For example, Li
and colleagues reported that, in a large epidemiological study, higher intakes of total dietary and
dairy calcium significantly reduced the risk of myocardial infarction, but users of calcium
supplements had significantly increased risk (Li et al. 2012). There was no increased risk

of stroke or cardiovascular disease-related mortality after a mean follow-up of 11 years. Similarly,
in one RCT — the Calcium Intake Fracture Outcome Study (CAIFOS) — 1,200 mg per day of
supplemental calcium for five years was not found to increase the risk of vascular disease or
related mortality in elderly women (Lewis et al. 2011). A review and meta-analysis of RCTs and
prospective cohort studies by Wang et al. (2010), funded by the American Heart Association and
the National Heart, Lung, and Blood Institute of the NIH, showed that the relative risk for
cardiovascular disease events was 1.14 (95 percent confidence interval, 0.92 to 1.41) in studies
involving calcium supplementation without vitamin D. The authors concluded calcium
supplements did not appear to exert cardiovascular effects. Systematic reviews and meta-
analyses conducted since CRN’s 3™ edition have generally concluded there to be no positive
relationship between supplemental calcium intake and cardiovascular risk. Yang et al. (2020)
concluded that calcium supplements “might raise” the risk of coronary heart disease, especially

myocardial infarction. However, the impact of such findings has been questioned based on
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limitations with study design and inherent limitations in these types of meta-analyses. In
addition, the analysis of Yang et al. excluded studies with <800 mg calcium per day and was

based on low versus high intake levels (discussed in Wallace and Weaver 2020).

Given the widespread use of calcium supplements and the potential of harm from inadequate
calcium intake, CRN previously concluded that a thorough examination of the evidence for
harm and for benefit from calcium supplementation was warranted. To accomplish this goal,
CRN convened a group of academic and industry experts to develop a consensus on the available
evidence, with emphasis on five of the Bradford-Hill criteria for causal inference from data:
strength, consistency, dose-response, biological plausibility, and results from experimentation.
The outcome of this assessment was published by Heaney et al. (2012). Heaney and colleagues
(2012) summarized data not only from the papers by Bolland et al. and Li et al. but also results
from other pertinent long-term prospective cohort studies and clinical trials. Because of the
mixed results across studies, Heaney et al. (2012) determined that the findings from available
clinical trials and prospective cohort studies indicate that there is no significant effect of calcium

supplements on cardiovascular disease.

Other independent reviews conducted since the original WHI trial (and follow-up analyses) have
reached similar conclusions, as summarized below:

e While not discussed in CRN’s 3™ edition, the EFSA (2012) reviewed RCTs, prospective
cohort studies, and systematic reviews and meta-analyses pertinent to an evaluation of
cardiovascular outcomes. The EFSA Panel concluded “that long-term calcium intakes
from diet and supplements up to 2,500 — 3,000 mg/day are not associated with an
increased risk of cardiovascular disease in adults.”

e The National Osteoporosis Foundation (NOF) and American Society for Preventive
Cardiology (ASPC) commissioned an independent review by an expert panel to evaluate
the effects of calcium intake on cardiovascular disease (Kopesky et al. 2016). Based on
its review of four RCTs, one nested case-control study, and 26 prospective cohort
studies, the panel concluded “there is moderate-quality evidence (B level) that calcium
with or without vitamin D intake from food or supplements has no relationship
(beneficial or harmful) to the risk for cardiovascular and cerebrovascular disease,

mortality, or all-cause mortality in generally healthy adults at this time." The NOF and
6
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ASPC issued a clinical guideline stating that “intake from food and supplements that
does not exceed the tolerable upper level of intake (defined by the National Academy of
Medicine as 2000 to 2500 mg/d) should be considered safe from a cardiovascular
standpoint.”

e The Linus Pauling Institute at Oregon State University reviewed available data from
RCTs, prospective cohort studies, reanalysis of previous trial data, and meta-analyses
(Delage 2017). The primary conclusion of this review highlighted the need for studies
designed to specifically examine the effect of calcium supplements on cardiovascular
risk as a primary outcome, citing that because the “clinical trial data are limited to
analyses of secondary endpoints, meta-analyses should be interpreted with caution.”

e Most recently, an editorial published by Wallace and Weaver (2020) reviewed available
human data (RCTs, prospective cohort studies, reanalysis of previous trial data, and
meta-analyses) as well as data relevant to a potential mechanism of action (e.g., in
animal models). Wallace and Weaver concluded that, “the hypothesis that calcium
supplements may have a causal inference on cardiovascular events is founded upon a
small portion of secondary analyses of RCTs and observational analyses lacking
appropriate primary outcome measures, consideration of kidney function and other
potential confounders as covariates, and a small number of events mostly self-reported
and non-adjudicated. More importantly, the hypothesis currently lacks biological

plausibility and is likely a methodological confound.”

Considering the totality of evidence, including the many inconsistencies and uncertainties
discussed above, a relationship between calcium intake and cardiovascular outcomes is likely
not a concern. However, as new data become available, this area of research may warrant

additional consideration.

Of important note, one hypothesized mechanism for potential cardiovascular effects is the
development of chronic hypercalcemia, which could in turn cause arterial calcification and
increase the risk of cardiovascular events. Any potential adverse effects from such a pathway are
not considered to be relevant to the general population but should be taken into account for
individuals with chronic kidney disease (Wallace and Weaver 2020). While it is recognized that

calcium may be used in the treatment of chronic kidney disease as a phosphate binder, CRN
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recommends that patients use calcium supplementation only under medical supervision. As
such, patients with chronic kidney disease are excluded from CRN’s supplemental UL for the

general population.

Other Considerations

The harmful effects of treating peptic ulcers with milk and absorbable antacids were historically
called milk-alkali syndrome (MAS). This condition involves metabolic alkalosis and high blood
calcium, often accompanied by dehydration, kidney failure, kidney calcification, or kidney
stones. Although milk-based ulcer therapy is now obsolete, similar problems have been reported
from excessive calcium carbonate supplements. This has led to the term calcium-alkali
syndrome (CAS). The IOM (2011) previously concluded that intakes around 3,000 mg per day
from supplements could be unsafe with regard to such effects. The EFSA (2012) noted that the
potential to develop CAS is increased in individuals with decreased calcium excretion,
decreased kidney function, increased calcium resorption (e.g., certain medications), or
conditions leading to metabolic alkalosis (e.g., hyperemesis in pregnancy or bulimia).
Individuals with these conditions, including age-related decreases in kidney function, should
consult with their healthcare providers before taking calcium supplements. Hypercalcemia can

be a serious health condition if left untreated (Delage 2017; EFSA 2015).

As described in the Official Reviews section, the IOM (2011) identified a LOAEL for increased
risk of kidney stone formation in a clinical study (WHI)) of menopausal women consuming a
mean of 2,100 mg calcium per day (including 1,000 mg supplemental) together with vitamin D
supplementation (Jackson et al. 2006). However, as discussed in the Cardiovascular Effects
section, the WHI trial had significant limitations and follow-up analyses have concluded there to
have been no significant association when only subjects compliant with the study protocol were
included (Wallace et al. 2011). The EFSA (2012) concluded that Jackson et al. (2006) “does not
provide evidence for an increased risk of kidney stones which could be attributed to high
calcium intakes.” In addition, findings in other clinical and prospective cohort studies have
demonstrated an inverse association between total calcium intake and kidney stone formation
(reviewed in Delage 2017; EFSA 2012). The EFSA (2012) concluded that intakes up to 3,000

mg per day were not associated with an increased risk of kidney stones in the general
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population.

The potential relationship between intake of calcium and increased risk of prostate cancer has
also been studied in several prospective cohort and clinical studies, as reviewed by Delage
(2017) and EFSA (2012). While the impetus for these assessments may have been originally
based on concerns regarding high intakes of dairy and increased risk of effects, the available
data are inconsistent with regards to calcium intake. Following its review, the EFSA (2012)
concluded that “long-term calcium intakes from diet and supplements above 2,000 mg/day are
not associated with an increased risk of prostate cancer.” While the available data are
insufficient to conclude a potential relationship between calcium supplementation and prostate
cancer risk, as new data become available, this area of research may warrant additional

consideration.

Updated Clinical Data

A large volume of human intervention studies published since the 3™ edition were identified
with potential relevance to this update.! Following full text screening, 54 four peer-reviewed
publications available since 2006 were identified that met all inclusion criteria for supplemental
calcium (described below).>* In the 38 unique trials identified, supplemental calcium was tested

at doses ranging from 200 to 2,000 mg per day with no serious adverse effects reported.

Six studies* were identified in the updated literature that administered up to 1,200 mg per day
calcium. Subih et al. (2018) randomized 45 obese females to receive vitamin D3, calcium (1,200
mg per day), both, or neither for 12 weeks and concluded that no subjects showed any symptoms
of vitamin D or calcium toxicity. Two additional new studies reported a lack of any safety-

related findings or side effects other than constipation following supplemental calcium of 1,200

! Literature search conducted December 2025.

2 38 unique studies were identified; 16 publications were determined to be secondary analyses of study cohorts already
represented

3 Studies in which calcium was use a phosphate binder in chronic kidney disease patients and/or in which calcium was
used as a negative control/comparator were excluded.

4 Reported across eleven total publications
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mg per day (Ettinger et al. 2014; Ring Madsen et al. 2018). Three of the publications identified
were additional analyses from an older study published by Prince et al. (2006). In this large,
randomized, double-blind, placebo-controlled trial, 1,460 elderly women received 1,200 mg
calcium as calcium carbonate per day (600 mg twice per day) or placebo for five years. Of the
92,000 adverse events recorded, only constipation was found to be higher in the calcium group
when compared to the placebo group. No other adverse events related to calcium were reported
in the three follow-up studies to Prince et al. (2006) identified in this update (Lewis et al. 2014,
2016; Ghasemifard et al. 2025). In one large, randomized, double-blind, placebo-controlled trial,
2,259 patients with recently diagnosed adenomas (without known colorectal polyps remaining)
were given vitamin D3, calcium as calcium carbonate (1,200 mg per day), both, or neither for 3
to 5 years (Baron et al. 2015). The authors stated that “important” adverse events were generally
uncommon. In addition, no adverse effects were reported in the three follow-up or add-on
studies to the original Baron et al. (2015) publication also identified as part of this update (Rees
2016a,b; Barry et al. 2017; Hodge et al. 2018). The final study identified that included up to
1,200 mg calcium per day was an additional follow-up analysis of the cohort from Reid et al.
(2008) (see Cardiovascular Effects section above) (Kalluru et al. 2015). Adverse events data
from this follow-up showed no differences in cardiovascular effects between groups. In addition
to these studies at 1,200 mg per day, one small study in 13 physically active males did not
identify adverse events following administration of 400 mg per day or 1,400 mg calcium per day

for two weeks (Gonzalez et al. 2014).

Ten studies across ten publications were identified that administered 1,500 mg calcium per day;
all studies were conducted in women during pregnancy, and no adverse effects were reported
across these studies. One study specifically reported a lack of side effects (Hofmeyr et al.
2019),> while another publication reported no differences in safety outcomes between the 500
mg per day and 1,500 mg per day groups in two studies (Dwarkanath et al. 2024). Cormick et al.
(2020) stated that, “none of the participants required to interrupt calcium or placebo
supplementation due to adverse events.” Two additional studies reported no effects on safety-

related parameters such as preeclampsia, blood pressure, pregnancy loss, and/or renal function

> Subjects received 0 or 500 mg per day prior to pregnancy and up to gestation day 20, then all subjects were given
1,500 mg per day.

1C
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(Chaudhary and Manju 2024a,b; Singh et al. 2023). The remaining four studies of 1,500 mg per
day calcium did not specifically address side effects or adverse events; however, none were
reported (Omotayo et al. 2017; de Brito Pitilin et al. 2024; Prentice et al. 2024; Perumal et al.
2025).

Newer studies administering supplemental calcium at higher levels were limited to a large,
single-center study in which thyroidectomy patients with symptoms of hypocalcemia (regardless
of serum calcium level) were given up to 2,000 mg per day (500 — 1,000 mg of calcium twice
daily) for a median of 3.5 months (Jarhult and Landerholm 2016). Asymptomatic patients did
not receive calcium supplementation in this study. Aside from monitoring for symptoms of
hypocalcemia, no other safety-related data were reported. Two additional publications were
identified that reported ad hoc analyses of an older RCT (Bostick et al. 1995). While no adverse
effects with calcium supplementation up to 2,000 mg per day in patients with colorectal cancer
were reported, an assessment of side effects was not presented (Um et al. 2017; Yang et al.

2016).

Calcium and Vitamin D

Consistent with CRN’s methodology (see Methodology chapter), clinical trials that did not
include at least one group receiving calcium alone were excluded. However, CRN recognizes
that supplemental calcium and vitamin D are often used together, and many clinical trials are
designed to investigate the effects of their combined exposure. Concurrent use of supplemental
calcium and vitamin D is not expected to have any substantial impact on the safety assessment
of calcium. In fact, the EFSA (2012) Panel noted, “that the additional data considered
(supplementation with calcium plus vitamin D against placebo) does not provide information
about the risk associated with supplemental calcium intakes per se.” However, CRN considers
that concomitant supplemental intakes of these two nutrients may be relevant to the safety
assessment of vitamin D. Therefore, studies with combined administration of calcium and
vitamin D as the only intervention were considered in CRN’s assessment of vitamin D, which

can be found in the chapter titled, Vitamin D, also available on CRN’s website.
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Official Reviews

IOM (2011). The IOM evaluated the various potential adverse effects of excess calcium intake
(hypercalcemia, hypercalciuria, vascular and soft tissue calcification, kidney stones, prostate
cancer, interactions with iron and zinc, and constipation) and concluded that kidney stone
formation was the only adverse effect with appropriate data to support a risk assessment (IOM
2011). The IOM determined that a UL of 2,000 mg per day (with no UF) for adults age 51 years and
older was justified based on “unknowns surrounding the precision of the LOAEL” and given that the
LOAEL was close to the recommended intake for calcium (1,000 mg to 1,200 mg in adults). Due to
a lack of relevant data in young adults and given that the risk of kidney stones is less in this
population due to better kidney function, 2,500 mg per day — the midpoint between the UL for
adolescents (3,000 mg per day) and the UL for older adults (2,000 mg per day) — was selected as
the UL for adults 19-50 years of age.

EVM (2003). The UK’s EVM concluded that the available data were insufficient to set a safe
UL and instead determined a supplemental guidance level. The report recognized that few
gastrointestinal side effects have occurred in clinical trials with 1,600 or 2,000 mg of
supplemental calcium (Levine et al. 1997; Hofstad et al. 1998; Bonithon-Kopp et al. 2000).
Based on a mean dietary calcium intake of 830 mg per day in the UK, the EVM set the guidance
level for supplemental calcium at 1,500 mg per day, stating that such a supplemental level

“would not be expected to result in any adverse effect.”

EFSA (2012). The EC SCF (2003) reviewed the available human clinical studies, including those
that looked at hypercalcemia and renal insufficiency (milk-alkali syndrome), kidney stones,
cardiovascular disease risk, and interactions with select minerals. For adults, the EC SCF
established an UL of 2,500 mg based on a NOAEL of 2,500 mg (total intake) and an UF of 1 due
to the “abundance of data” in the overall clinical trial dataset, which demonstrated a lack of any
adverse effects at this level. Subsequently, the EFSA (2012) considered available human

intervention studies in adults published since the EC SCF’s review and concluded that these

12
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studies showed a lack of adverse effects associated with daily calcium intakes of 2,500 mg from
both diet and supplements in adults. The EFSA determined that no new data had become
available that would require revision to the previous UL and maintained an UL of 2,500 mg per

day of calcium from all sources for adults.

Other potential adverse health effects were evaluated in EFSA (2012) and conclusions include:

e Calcium intakes up to 3,000 mg per day (total) had not been associated with an increased

risk of kidney stones in the general population.

e Calcium intakes up to ~2,000 mg per day (total) had not been “generally associated”

with an increase in cardiovascular events.

e Long-term calcium intakes up to 2,500 to 3,000 mg per day (total) were not associated

with an increased risk of cardiovascular disease in adults.

e Long-term calcium intakes above 2,000 mg per day (total) were not associated with an

increased risk of prostate cancer.

Chinese Nutrition Society (CNS 2023). The CNS derived an UL of 2,000 mg per day for

adults, including pregnant and lactating individuals.

Indian Council of Medical Research - National Institute of Nutrition (ICMR-NIN 2020). The
ICMR-NIN reviewed “various studies in India and observed that the values recommended by
IOM are similar.” An exception was noted by the ICMR-NIN, in which one study reported
hypercalciuria and hypercalcemia in 9% and 11% of participants, respectively. Nevertheless, the
Council noted that “only few studies on calcium supplementation have reported adverse events”

and derived an UL of 2,500 mg per day for adults, including pregnant and lactating individuals.

Korean Nutrition Society (KNS 2020). The KNS published its general approach to evaluating data
for setting DRI values. The KNS derived multiple UL values for calcium depending on age:
3,000 mg per day for individuals 15-18 years of age; 2,500 mg per day for adults 19-49 years of
age (including pregnant and lactating individuals); and 2,000 mg per day for adults 50 years and
older. The KNS also concluded that no relationship had been established between long-term

13
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calcium intakes (from diet and supplements) and increased risk of kidney stones, cardiovascular

disease, or prostate cancer.

CRN Recommendations

CRN previously derived an UL for calcium of 1,500 mg per day for adults. The previous edition
of this chapter did not review clinical studies in detail but instead relied on the totality of
evidence previously reviewed by regulatory agencies to identify a NOAEL, and therefore an
UL, as described above. The goal of the current chapter was to determine whether more recent
human clinical data are available that might impact the conclusions published in the 3™ edition.
While not all human clinical trials are specifically designed to evaluate adverse effects, no new
trials were identified following CRN’s updated methodology that reported any serious adverse
effects with calcium supplementation. As with any assessment in which not all available data
are reviewed, inherent uncertainties with the risk assessment and selection of the UL are
recognized. The table below summarizes new human clinical studies considered in reviewing
the supplemental UL by CRN according to its principal points of departure for risk assessment
(as described in the Methodology chapter).®

® Where numerous relevant studies were identified with similar design, dose, and safety-related data, those most
pertinent to the UL derivation are included in the table as representative studies. Prioritization was given to studies at
dose levels informing the UL and studies with higher weighting based on CRN’s methodology (e.g., duration, number
of participants, placebo control, randomization, etc.).
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New Studies Considered for the CRN UL for Calcium in Adults

Participant No. of Dose(s) NOAEL
Reference | Study Design Description Subjects (mg/day) Duration | (mg/day)
Jarhult et al. | Clinical, Thyroidectomy 640 0, 1,000, 3.5 months 2,000
2016 single-center | patients® 2,000 (median)
Hofmeyr et al.| Randomized, | Women prior to 1,355 0, 500, 1,500/ >9 months® 1,500
2019 double-blind, | and during
placebo- pregnancy
controlled
Perumal et al. | Randomized, | Pregnant women 11,000 | 0, 500, 1,500 From 20 1,500
2025 double-blind, weeks of
placebo- gestation
controlled until delivery
Dwarkanath | Randomized, | Pregnant women 11,000°¢ 500, 1,500 From 20 1,500
et al. 2024 double-blind weeks of
gestation
until delivery
Dwarkanath | Randomized, | Pregnant women 11,000°¢ 500, 1,500 From 20 1,500
et al. 2024 double-blind weeks of
gestation
until delivery
Cormick et al.| Randomized, | Pregnant women 630 0, 1,500 From 20 1,500
2020 double-blind, weeks of
placebo- gestation
controlled until delivery

2 Only those with symptoms of hypocalcemia were treated, regardless of serum calcium level.
b Subjects received 0 or 500 mg per day prior to pregnancy and up to gestation day 20, then all subjects were given

1,500 mg per day.

¢ 11,000 in each of two studies in the same publication

The previous CRN UL value was based on a wide range of clinical and epidemiological studies

previously discussed by the IOM (2011), the EC SCF (2003), the EFSA (2012), the EVM

(2003), and several published reviews and meta-analyses that had shown no adverse effects with

total calcium intakes (from diet and supplements) of 2,000 mg to 2,500 mg per day. In its

previous assessment, CRN supported the UL for total intake of 2,000 mg per day or less in

adults ages 51 years or older derived by the IOM (2011) and supported the judgment of the IOM

(2011) that the calcium UL for persons ages 19-50 years should be 2,500 mg per day, which is

the midpoint between the value for individuals ages 51 years and older and the 3,000 mg UL for
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adolescents. Based on these levels and considering the variable calcium intake from foods, dairy
products, and fortified foods, CRN agreed in its 3" edition with the EVM that a maximum
supplement level for adults should be 1,500 mg. It should be noted the IOM UL was based on
the increased risk of kidney stone formation reported in one elderly population supplemented
with calcium (Jackson et al. 2006). This finding has not been duplicated in other studies with

calcium supplementation, and an association has not been established for the general population.

In addition, no new data were identified that would change conclusions regarding potential
adverse effects previously determined not to be associated with calcium intake (CAS,
cardiovascular effects, and prostate cancer). Concerns related to the development of CAS have
not been fully elucidated, but this effect may be potentially relevant at higher total intakes (e.g.,
3,000 mg per day) and associated with specific kidney-related heath limitations (see below).

As summarized in this review, 38 unique trials published since the 3™ edition (and the key
regulatory reviews) were identified in which calcium was tested at doses ranging from 200 to
2,000 mg per day with no serious adverse effects reported. Ten of these clinical trials were
conducted in pregnant women who were administered up to 1,500 mg calcium per day
(Hofmeyr et al. 2019; Dwarkanath et al. 2024; Cormick et al. 2020; Chaudhary and Manju
2024a,b; Singh et al. 2023; Omotayo et al. 2017; de Brito Pitilin et al. 2024; Prentice et al. 2024;
Perumal et al. 2025). Studies in pregnant individuals are considered relevant to the development
of an UL for calcium for the general population given that intestinal calcium absorption can be
increased during pregnancy, thus potentially making this population more vulnerable to adverse
effects (IOM 2011). One new study was identified that administered calcium at levels greater
than 1,500 mg per day. In this study, thyroidectomy patients with symptoms of hypocalcemia
were given up to 2,000 mg per day for a median of 3.5 months with no serious side effects
reported (Jarhult and Landerholm (2016)). However, this study was not randomized and, other
than monitoring for symptoms of hypocalcemia, no other safety-related data were reported.
Taken together, the newly available clinical trial data support the previous CRN UL for calcium

of 1,500 mg per day.

No new data were identified in this update that would impact the conclusions published in the 3™
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edition of this chapter. Therefore, based on the overall dataset, 1,500 mg per day is maintained
as the supplemental NOAEL for calcium for adults following the CRN process. Consistent with
CRN’s methodology, an UF of 1 is applied to yield an UL of 1,500 mg per day for supplemental

calcium in adults.

This UL does not apply to patients with chronic kidney disease. In addition, individuals with
otherwise decreased kidney function, decreased calcium excretion or increased reabsorption, or
conditions leading to metabolic alkalosis (e.g., hyperemesis in pregnancy or bulimia) should

consult with their healthcare providers before taking calcium supplements.

Due to the many inconsistencies and uncertainties in the data discussed herein, a relationship
between calcium intake and cardiovascular outcomes is unlikely and not suitable for UL
development. However, as this area of research continues to grow, additional data may become

available to warrant revision of this assessment.

Quantitative Summary for Calcium in Adults

CRN (2026) UL, supplemental intake 1,500 mg/day for most adults®
IOM (2011) UL, total intake 2,500 mg/day (19-50 years)
2,000 mg/day (51 years and older)
EFSA (2012) UL, total intake 2,500 mg/day
EVM (2003), guidance level, supplemental 1,500 mg/day
intake
CNS (2023), total intake 2,000 mg/day
ICMR-NIN (2020), total intake 2,500 mg/day
KNS (2020), total intake 3,000 mg/day (15-18 years)
2,500 mg/day (19-49 years)
2,000 mg/day (50 years and older)

2 Excludes patients with chronic kidney disease. In addition, individuals with otherwise decreased kidney function,
decreased calcium excretion or increased reabsorption, or conditions leading to metabolic alkalosis (e.g., hyperemesis
in pregnancy or bulimia) should consult with their healthcare providers before taking calcium supplements.
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