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Dear Dr. Morissette,

Attached are our responses to the questions referenced below. We trust you will find the responses
complete and to FDA's satisfaction. Please contact me if you have any questions or require
additional information.

Best Regards,

Salvatore J. D’Angelo
Manager, Quality Assurance & Regulatory Affairs

Niacet Corporation

400 47th Street | Niagara Falls, NY 14304
P:716-285-1474 | F: 716-285-1497
www.niacet.com

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov]
Sent: Tuesday, November 28, 2017 1:16 PM

To: Salvatore DAngelo <SDAngelo@niacet.com>

Subject: GRN 000712 questions

Dear Mr. D’Angelo,

Please see attached the questions from FDA for GRN 000712 (calcium acetate). As we discussed
during our November 16, 2017 phone call, you will have 10 business days from receipt of this email to
respond to our reviewers’ questions/comments. Though FDA advised during the meeting that Niacet
request that we cease our evaluation of this notice on the basis that it did not meet the general
recognition standard and would require a significant rewrite, Dr. Martin indicated that Niacet would like to
try and address FDA'’s concerns within the allotted time frame. FDA also indicated that if any questions
were not fully addressed or if Niacet's responses raised new questions, then FDA would issue a No Basis
letter for this notice, as the review process is not meant to be iterative. Responses may be provided via
email or in a separate document. Please do not send a revised notice.

Sincerely,



Rachel Morissette, Ph.D.
Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov

(p2Y U.S. FOOD & DRUG
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Dear Dr. Morissette,

Listed below are our responses to the questions/issues that were raised in emails dated
November 28, 2017, December 1, 2017, and December 5, 2017 related to GRN 712. We
are providing a point-by-point response to your queries along with some relevant
discussion. We have highlighted our responses/comments in red for ease of review. The
questions from your email are copied below and our responses are inserted below each
question.

General

1.

On page 26 of the notice, it is stated that calcium acetate is affirmed as GRAS under
21 CFR 184.1155. This is incorrect. The regulation for calcium acetate is 21 CFR
184.1185.

Thank you for pointing this error out to us. Sorry for the oversight, the correct
regulation is 21 CFR 184.1185.

Table 1 shows the use levels for calcium acetate in select foods according to 21 CFR
184.1185. In the last row of Table 1 “All other food categories”, it lists @ maximum
level of 0.001%. This number is incorrect. According to the regulation the maximum
allowed use level is 0.0001% for “All other food categories.”

Thank you for pointing this error out to us. According to the regulation 21 CFR
184.1185, the maximum allowed use level for calcium acetate is 0.0001%.

On page 25 in Section 6.1, Niacet cites the NIH Office of Dietary Supplements (ODS)
Fact Sheet on calcium and indicates that this publication is available in Appendix VI of
the notice. However, this fact sheet was not found in the notice provided to FDA.
Rather the labeled Appendix VI is an FCC and JECFA specifications document.

Thank you for pointing this omission out to us and sorry for the oversight. It was our
intent to cite the web address for this document which is available at:
https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/. In addition, we are
attaching a copy of this Fact Sheet to this response (please see Tab A).

The in-text citations were difficult to follow as their formatting changed part way
through the document and did not line up with the bibliography at the end.

This question was clarified in an email dated December 5, 2017. With respect to the
confusion related to the different reference formats, please note that it was our
oversight. The different format refers to the citation given in the NIH: Dietary
Supplement Fact Sheet. This in-text citation is for IOM (2010). It is our oversight and
we should have changed [1] to IOM (2010) and the citation is as follows:

1
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IOM (2010). Committee to Review Dietary Reference Intakes for Vitamin D and
Calcium, Food and Nutrition Board, Institute of Medicine. Dietary Reference Intakes
for Calcium and Vitamin D. Washington, DC: National Academy Press, 2010.

Additionally, please note that inadvertently we omitted the EFSA (2009) citation from
the list of references. The reference is as follows:

EFSA (2009). Scientific Opinion of the Panel on Food Additives and Nutrient Sources added
to Food on calcium acetate, calcium pyruvate, calcium succinate, magnesium pyruvate
magnesium succinate and potassium malate added for nutritional purposes to food
supplements following a request from the European Commission. The EFSA Journal (2009)
1088, 1-25. [Available at:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2009.1088/epdf].

Chemistry

5. Niacet states that calcium acetate is prepared by reacting food grade calcium
hydroxide with acetic acid. Niacet offered no additional information regarding its
manufacturing process for calcium acetate. Though this chemical reaction is a
common way of producing calcium acetate, the potential exists for the method of
manufacture to allow contaminants to be introduced. Therefore, we request that
Niacet provides more information on its production process for calcium acetate.
Specific details, such as exact temperatures, are not necessary.

Niacet prepares its calcium acetate as follows: It is produced entirely in fully enclosed
equipment suitable for the preparation of food chemicals of this type. The facilities and
process are all controlled using an approved HACCP plan. Production is accomplished
according to detailed operating instructions. Testing is conducted in accordance with Food
Chemicals Codex (FCC) test methods.

Calcium acetate and water are the reaction products of a neutralization of acetic acid
(CH3COOH) and calcium hydroxide Ca(OH),. The reaction is exothermic and is carried
out in a cooled vessel using metered amounts of reactants. The resulting solution of
calcium acetate is filtered through a filter to a feed tank. The filtered solution is fed to a
drying unit to remove moisture. The dried material is fed to a storage bin, and packaged
for distribution.

All ingredients are food grade meeting the specifications listed in the FCC. The water
used meets potable water requirements and is obtained from municipal suppliers.

The specifications for the finished calcium acetate are as follows:
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Parameters Specifications

Purity (Dry Basis): NLT 99% and NMT 100.5%
(as Calcium Acetate)

Water (wt %) <7.0%

pH of a 10% Aqueous Solution 6.3-9.0

Insolubles <0.1%

Halides as ClI <0.05%

Sulfate as SO4 <0.1%

Fluoride < 50 ppm

Iron <10 ppm

Arsenic (As) <3 ppm

Lead <2 ppm

Mercury <1 ppm

Heavy metals as Pb <5 ppm

Oxidizable impurities (as formic acid) <£0.1%

Appearance White Powder (granules)

All production batches are tested according to the specifications using approved FCC methods.
Specifications for six non-consecutive batch lots are listed in Tab B.

The finished calcium acetate is packaged in 50 1b, or 20 kg kraft paper bags containing an integral
poly liner. Product labels are numbered consecutively by pallet with a record kept with the
production manager.

The shelf life of calcium acetate is generally considered to be indefinite; however, any remaining
product is retested after two years to ensure conformance to specifications. This information is
based on past experience including historical data.
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6. The notice states that Appendix | contains Certificates of Analyses for five non-consecutive
production lots of manufactured calcium acetate. We note that only three lot analyses are
included in Appendix I. Further, the notice states that because calcium hydroxide and acetic
acid are food grade, the potential for the formation of contaminants or impurities in the final
product is low. Niacet has also established internal specifications for heavy metals (As, Hg,
Pb, Cd).

While the results listed in the Certificate of Analyses for Niacet’s calcium acetate are within
FCC specifications, Niacet did not determine the amount of heavy metals in their analyses.
We request that Niacet provide at least 3 non-consecutive batch analyses of all specifications
listed in the Certificate of Analyses, including heavy metals.

Sorry for our oversight, we intended to mention from three lots. As indicated earlier, we are
including CoAs for six non-consecutive lots in Tab B.

7. Niacet states that the intended use of the calcium acetate is substitutional for other
calcium-containing substances, and that no increase in exposure to calcium in the diet is
anticipated from the intended use in this notice.

However, we note that Niacet intends to use calcium acetate with no limitations other than
good manufacturing practices (GMP) on the basis that calcium acetate use is self-limiting. In
addition, Niacet has requested two additional uses of calcium acetate than are listed in the
regulations (i.e., flavor enhancer and nutrient supplement).

Because Niacet intends to use calcium acetate with no limitations (other than GMP) and has
requested two new uses not currently listed in the regulation, this raises the question whether
the intended use of calcium acetate in this notice is actually substitutional.

We note that calcium is a recognized essential nutrient that is provided in the diet by
many different calcium sources. In order to facilitate the review of this GRAS Notice, we
are removing one of the additional uses of calcium as a flavoring agent and request that
this use be removed from consideration in this document. Our premise for no increase in
exposure to calcium acetate in the diet was based on the following two considerations:

First, the listing under 21 CFR 184.1185 regulation that allows use of calcium acetate as
firming agent; pH control agent; processing aid; sequestrant; stabilizer and thickener; and
texturizer, and Niacet is proposing for same technical effects. This regulation has
recognized that the current good manufacturing practices that results in a maximum
level, as served, of 0.2 percent for baked goods as defined in 170.3(n)(1) of this chapter;
0.02 percent for cheese as defined in 170.3(n)(5) of this chapter; 0.2 percent for gelatins,
puddings, and fillings as defined in 170.3(n)(22) of this chapter; 0.15 percent for sweet
sauces, toppings, and syrups as defined in 170.3(n)(43) of this chapter; and 0.0001
percent for all other food categories. Given this the intended use by Niacet of calcium
acetate will be substitutional.
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Second, there are several calcium salts that are listed or affirmed as GRAS in Part 182
and 184, respectively, for uses that also use as a nutrient. In addition to its multipurpose
uses as a GRAS ingredient, calcium phosphate is GRAS as a nutrient (21 CFR
182.8217). Similarly, calcium pyrophosphate is GRAS as a nutrient (21 CFR 182.8223).
Additionally, calcium glycerophosphate (21 CFR 184.1201), calcium lactate (21 CFR
184.1207) and calcium pentothenate (21 CFR 184.1202) have been affirmed as GRAS
as nutrient supplements. The intended use of calcium acetate by Niacet as a nutrient
supplement will be substitutional to these existing uses.

In a recent GRAS notice (GRN 634), PepsiCo has undertaken a cumulative dietary
exposure to calcium from background sources of calcium (food and supplemental intake)
and the intended use of their food ingredient, calcium chloride, in potato snacks. In this
GRAS notice the estimates were generated using the 2007 - 2010 National Health and
Nutrition Examination Survey two day average food consumption data.

This report suggest that mean and 90™ percentile estimated daily intake of calcium from
all background (total diet + supplement) sources will be 1,138 and 1,926 mg/person/day,
respectively, for the entire population (1+ years). As compared to the Institute of
Medicine (IOM) tolerable upper intake of calcium that ranges from 2000 to 3000 mg/day
[children 1— 8 y (2,500 mg/day), adolescents 9-18 y (3,000 mg/day), adults 19 - 50 y
(2,500 mg/day), and older adults 51+ y (2,000 mg/day)], the background intake is lower.
This background intake considers all sources of calcium exposure such as food and
supplement. Given the proposed substitutional uses by Niacet, it is unlikely that the
proposed use of calcium acetate will add significantly to this background intake.

Furthermore, the performing of a cumulative intake analysis is very expensive and one
needs to depend on the specialized programs that take into account several
considerations. In our opinion, this will be an additional expense and will not provide any
substantial insight as the proposed uses will be primarily substitutional.

8. Niacet references GRN 000634 to support dietary exposure to its calcium acetate. In its
exposure assessment, the notifier of GRN 000634 considered, along with calcium exposure
from its calcium-based substance, exposure to calcium from food and supplemental intake to
determine a U.S. estimate of cumulative dietary exposure to calcium. Niacet should provide
typical use levels for the intended uses for its calcium acetate product so that cumulative
dietary calcium exposure can be estimated. In addition, if Niacet intends to use dietary
exposures to calcium from GRN 000634, a narrative should be provided explaining how the
dietary exposures in GRN 000634 relate to exposures from its intended uses of calcium
acetate.

As indicated above, Niacet intends to market its calcium acetate as a substitute for other
calcium salts in a direct 1:1 replacement. As a result, we do not anticipate a significant

! Complete GRAS notice available at:
https://www.fda.gov/downloads/Food/IngredientsPackaginglLabeling/GRAS/Noticelnventory/ucm505252.pdf
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change in the consumer exposure to calcium. We note that there could be minor changes in
the exposure to the accompanying anions of the calcium salts. However, given that all of the
accompanying anions, e.g., propionate, chloride, etc., are already present in foods and
biological systems, these minor changes should not reflect a safety concern. Please also see
above response to query number 7.

It should be noted that calcium acetate is not likely to be chosen to replace all other calcium
salts on an equal basis. For example, we consider that calcium acetate will be used as a
substitute for calcium propionate to a much greater extent than calcium chloride because of
similar structures with the anion, etc.

Toxicology

Overall Conclusion: The safety narrative as written does not provide a basis for general
recognition and does not adequately support Niacet’s independent GRAS conclusion.

Specific Comments:

9. Prior GRAS notices for substances that contain calcium are mentioned in Niacet's GRAS
notice, but the safety information contained in these prior notices was not incorporated into
the current notice. Niacet does not adequately discuss or tie-in the safety data, information,
and conclusions from these notices into GRN 000712 that would support the safety of its
calcium acetate product. In addition, Niacet does not state whether it concurs with the safety
findings and conclusions from prior notices in support of its independent GRAS conclusion. If
Niacet instead has its own conclusions that differ from previous GRAS notices or that are
based on updated information, this should be included.

Further, some limited general sources are provided (e.g., CFR, 1975 SCOGS, Expert Panel
Report) with limited discussion to support the publicly available literature related to the safety
of calcium acetate. However, very few actual references are noted or described in the safety
narrative to support the general recognition status of Niacet’s reasoning and conclusions.

A revised safety narrative including the points described above should be provided.

Please note that Niacet is proposing to use calcium acetate as some of its intended uses do
not meet the existing regulation for other calcium salts, particularly the uses of calcium
propionate. Given the current safe and approved uses of calcium salts, and, as calcium
acetate is proposed to be used as a substitute for other approved calcium salts for existing
uses, we limited the safety related description to calcium acetate. As per your suggestion,
we are attempting to further elaborate on the safety related information.

As mentioned in GRN 712, several calcium salts have been extensively evaluated by
national and international agencies. In 1973, JECFA has considered calcium acetate to
have low toxicity and an Acceptable Daily Intake (ADI) was not established. In 1975, the
SCOGS considered several uses of calcium acetate as GRAS. Furthermore, the IOM
(2010) and EFSA (2012) also considered and reviewed the exposure to calcium from its

6
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several salts used in food and considered it to be safe. An updated literature search
revealed no new information that contradicts the safety of exposure to calcium from food.

It is commonly accepted that the toxicity of calcium compounds depends upon their
bioavailability and the resultant release of calcium. The absorption of calcium depends upon
several factors such as dietary components, the source of the dietary calcium, total calcium
content of the diet and the body’s need for calcium.

In 2011 and 2012, IOM and EFSA, respectively, extensively reviewed the biological and
toxicological effects of calcium deficiency and excessive exposure to calcium. Based on its
assessment, IOM established upper limits (ULs) for calcium that are lowest among infants
(1000 and 1500 mg/day for infants 0-6 months and 6-12 months, respectively), while for older
adults (51+ years) the UL ranges from 2000 mg/day based on the IOM evaluation to 2500
mg/day based on EFSA’s evaluation. The ULs for the remaining life stages are 2500 mg/day
for children 1- 8 years (IOM) and adults 19 — 50 years (IOM; EFSA) and 3000 mg/day for
adolescents 9-18 years (IOM). The calcium ULs, established by the IOM, was based on
calcium excretion in young children and formation of kidney stones among older children and
adults.

The IOM concluded that there were insufficient data to determine a UL based on other
effects, including increased risk of cardiovascular disease (CVD) among post-menopausal
women and older men. In its evaluation, EFSA also reached similar conclusions on the lack
of increase of CVD and other health endpoints but did not believe the available evidence
required a revision of the UL established among adults of 2,500 mg/day. In their assessment,
the expert panels in both the IOM and EFSA evaluations noted that it is difficult to measure
the precise amount of daily calcium intake from both diet and supplements among the study
subjects in the Women’s Health Initiative (WHI) and can result in considerable uncertainty in
the upper intake level associated with any adverse effects. A search and review of the recent
publications that appeared subsequent to the IOM assessment on the end points considered
by IOM as well as other health outcomes did not offer any conclusive evidence of cause and
effects and do not appear to impact the IOM and EFSA conclusions on the safety of dietary
calcium and the UL. Some of this recent data is summarized in response to the below query.

In summary, Niacet has based its determination of the GRAS status for its calcium acetate
based on the following: The safety of calcium acetate has been reviewed and there is
general concurrence that calcium acetate is safe for use in food; FDA has acknowledged that
calcium acetate is GRAS in accordance with 21 CFR 184.1(b)(1); Niacet’s calcium acetate
meets the specifications listed in the Food Chemicals Codex; and, there is no evidence of
adverse effects related to calcium acetate when used as intended in food. Also, please note
that we concurs with the safety findings and conclusions from previous GRAS notices
mentioned in GRN 712, in support of our independent GRAS conclusion for the intended
uses of calcium acetate.

10. Niacet notes the tolerable upper intake levels (UL) for calcium determined by the Institute
of Medicine (IOM) across various ages and the European Food Safety Authority (EFSA) in
adults, and indicates that there is no evidence showing health effects of calcium since these
determinations were made in 2011 and 2012, respectively.

7
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Similarly, Niacet states in its GRAS notice that an updated comprehensive literature search
was conducted for publicly available information since 2010 on the safety of calcium or
calcium acetate and that no relevant animal or human safety studies were located.

Further, the Expert Panel Report states that a comprehensive search of scientific literature
through September 2016 was performed and also states that no new safety information was
uncovered that would point to a safety concern for use of calcium acetate.

However, several recently published epidemiology and meta-analysis studies on the
relationship between calcium intake levels and aspects of cardiovascular disease (CVD) are
available and were not acknowledged or discussed by Niacet.

This new information in the literature on calcium and CVD addresses the gap in information
between calcium exposure and CVD noted by recognized sources (e.g., IOM, EFSA) that were
cited by Niacet.

An updated literature search should be conducted and any new findings related to calcium
and CVD or any other adverse events should be discussed and added to the safety narrative.
If any data and information is found that is contrary to Niacet’s safety conclusion, it should
also be discussed and a reason why that information does not pose a safety concern should
be included. Relevant references should also be cited and discussed.

In response to this concern, Niacet has conducted an updated literature search for information
related to the safety of calcium acetate and other salts (databases searched December 7, 2017).
Using search terms such as “calcium acetate”, “calcium acetate food use”, “calcium acetate
safety”, and “calcium acetate food safety” from 2015 - 2017 did not uncover any publications that
were considered to be pertinent to the use/safety of calcium acetate in food. By contrast and as
expected, a search using the search term “calcium”, “calcium safety”, “calcium toxicity”, “calcium
adverse effects” uncovered a large number of publications. The safety related relevant findings
(summary) from these searches are described below, while details of the relevant recent
publications are provided in a tabulated form and is included in Tab C. From the recently
published articles, it appears that there are no new or ongoing calcium clinical trials being
conducted. Thus, the majority of recent published studies on calcium and cardiovascular risk and
any other adverse event is mainly secondary analyses of existing trials and observational studies
where cardiovascular events were not the primary outcome. Information relevant to the safety of
calcium from these meta-analyses, analyses/re-analyses of individual clinical studies, and

observational studies are summarized herein.

In recent years, there has been considerable efforts to study the effects of supplemental calcium
intake on nonskeletal outcomes, specifically cardiovascular health and its association with
mortality and morbidity (Tankeu et al., 2017; Grey et al., 2015; Chung et al., 2016; Asemi et al.,
2016) 2%*°. Most of these studies support the conclusion that adequate calcium intake is
important for bone health and several major physiological functions. However, the effects of
calcium supplementation on other health outcomes are still controversial. At the root of
controversy is the meaning of the term “adequate” since the problem is not only the quantity but
also the quality and source of calcium intake. Additionally, the controversy stems from the current
view that more calcium is better as it is increasingly added to food and calcium supplement use,
especially among older adults.

The available information from several cohort studies have shown an increase in cardiovascular
risk and mortality associated with calcium supplementation but not dietary calcium intake. Hence,

8
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it is commonly agreed upon that dietary calcium intake is safe compared with calcium
supplementation. For example, in a prospective cohort study involving 388,229 male and female
subjects (50 to 71 years), Xiao et al. (2013)? reported that men with >1000 mg/day intake of
supplemental calcium had significantly higher risk of total CVD death after an average follow-up
of 12 years.

Asemi et al. (2015) reported a significant relationship between the total calcium intake and an
increased risk of CVD mortality for studies with a long follow-up time and a significant protective
association between dietary calcium intake and all-cause and CVD mortality for studies with a
mean follow-up of <10 years. Supplemental calcium intake was associated with a decreased risk
of all-cause mortality. In another study, Anderson et al. (2016)° assessing the association
between the risk of coronary artery calcification (CAC) and calcium intake, showed that, after 10
years of follow-up, calcium supplement use was associated with increased risk for incident CAC.

In a prospective study in which 132823 participants were followed during a period of 17.5 years,
Yang et al. (2016)* reported that dietary calcium was not associated with all-cause mortality in
either sex. However, in this study, men taking 21000 mg/day supplemental calcium had a higher
risk of all-cause mortality and cardiovascular disease—specific mortality. For women, they found
that supplemental calcium was inversely associated with mortality from all causes for intakes of
0.1 to <500, 500 to <1000, and 21000 mg/day, respectively. Overall, total calcium intake was
inversely associated with mortality in women but not in men. In a Swedish AMORIS cohort study,
Rohrmann et al. (2016)° examined the association of circulating calcium with incident and fatal
CVD, myocardial infarction (MI), and stroke. The results support a modest positive association
between serum calcium and risk of CVD, but the underlying mineral metabolism and the exact
mechanisms are currently unclear.

In a robust meta-analysis, Chung et al. (2016) found no association between calcium intake and
cardiovascular risk. These investigators reported that the strength of the evidence linking calcium
supplementation with cardiovascular endpoints is weak, and a plausible biological mechanism
has not been identified. The available evidence based on population data, supports the findings
of Chung et al. (2016), and suggest that calcium supplementation within recommended intake
levels does not increase cardiovascular risk. In a review article, Chin et al. (2017)° reported that
calcium supplementation, which is often prescribed concurrently with vitamin D, has been
associated with increased CVD risk in some (but not all) studies. In another recent review
publication, Abrahamsen (2017)” noted that though large clinical RCTs currently evaluate the
effects of higher vitamin D doses there is no current research effort regarding the calcium
controversy. In the absence of such studies it is not possible to provide clinicians with evidence-
based recommendations regarding the best use of CaD supplementation.

Considering the widespread use of calcium supplements, association between calcium
supplementation and cardiovascular risk have received significant attention. This potential causal
association has not yet been very carefully studied. However, as pointed out by many

% Xiao et al. (2013). JAMA Intern Med. 173:639-646.

® Anderson et al. (2016). J Am Heart Assoc 5: €003815.

*Yang et al. (2016). Am J Clin Nutr. 2016;103:886-894.

> Rohrmann et al. (2016). Atherosclerosis 251: 85-93, 2016

® Chin et al. (2017). Curr Atheroscler Rep. 19(1):5. d.

7 Abrahamsen (2017). Ther. Adv. Musculoskel. Dis. 9(5): 107-114.
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researchers in the field, the methods used and results of these studies do not stand up to the
standards of assigning causality on their own or in combination. In recent meta-analyses of
experimental randomized controlled trials (RCTs) that investigated the use of calcium
supplements on health outcomes, Lewis et al. (2015)® reported no significant association
between the use of calcium supplements and CHD events, all-cause mortality, myocardial
infarction (MI), angina pectoris and acute coronary syndrome, and chronic CHD. In prior reviews,
Heaney et al. (2012)° and Wang et al. (2010)'"° also made similar observations. These
investigators noted the inconsistencies in the direction of the effect as well as the strength of any
association between calcium intake and/or supplementation and noted that CVD risk varies
greatly among the studies. Heaney et al. (2012) outlined the lack of evidence for causality which
is also repeated by many researchers and echoes the statements made by the IOM in 2011. In
yet another systematic review, Fortmann et al. (2013)"" concluded that there was no evidence of
an effect of calcium supplements on CVD.

In addition to the cardiovascular risk, there are limited data available on other adverse outcomes
related to calcium supplementation. In a re-analysis of the Woman’s Health Initiative (WHI)
dataset, Bolland et al. (2011)"? reported that among women not taking calcium supplements at
randomization, calcium and vitamin D supplementation significantly decreased the risk of total,
breast, and invasive breast cancer (by 1420%) and showed a non-significant decrease in
colorectal cancers (by 17%). The post-intervention analysis conducted by Cauley et al. (2013)"®
using 11.1 years of follow-up reported no significant difference between the CaD supplement and
placebo group in incidence of colorectal cancer, invasive breast cancer, and all-cause mortality.
Another group of researchers used the same WHI dataset to investigate the occurrence of kidney
stones and found that neither total calcium intake nor the use of calcium supplements at baseline
was associated with an increased risk of stone formation (Wallace et al., 2011)".

In summary, the current debate about the potential association between calcium supplementation
and cardiovascular disease needs to be critically studied in controlled trials with a specific focus
on those outcomes, with controls in place for known and potential cardiovascular risk factors, and
accurate measurements of total calcium intake (diet and supplements) included. It is also
possible that supplements taken as a large dose all at once that the body is unable to process
and may cause some adverse effects. Given the inconsistent and inconclusive findings from
recent meta-analyses, systematic reviews, and recent clinical and observational studies for
cardiovascular outcomes as well as any other potential adverse outcomes, there is no new
conclusive evidence of a cause and effect that would alter the significant scientific consensus
presented by the IOM (2011) or the EFSA (2012) expert reviews.

11. Niacet did not provide a quantitative evaluation or comparison in the notice between its
estimates of U.S. exposure to calcium from its intended use of calcium acetate along with
background dietary and supplemental total calcium exposures (mean and upper percentile

® Lewis et al. (2015). ) Bone Min. Res. 30(1):165-175.

° Heaney et al. (2012). Adv Nutr. 2012;3(6):763-77.

' Wang et al. (2010). Ann Intern Med. 152(5):315-323.

" Fortmann et al. (2013). Ann Int Med. 159(12): 824-834.

2 Bolland et al. (2011). Am J Clin Nutr. 94(4):1144-9.

B Cauley et al. (2013). ] Women’s Health. 22(11): 915-29.

" Wallace et al. (2011). Am J Clin Nutr. 2011;94(1):270-7.
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intakes) to a hazard value or dietary reference value (DRV) across different age groups (in
other words, a safety assessment evaluation). Such an analysis should be provided in GRN
000712. Please consider GRN 000634 as a model example for how to present this analysis.

We have attempted to address this question in response to earlier question 7, where the
exposure to calcium has been summarized along with tolerable upper intake.

We hope the above information and clarification addresses your queries. If you have any
questions or need additional explanation, please let me know.

Thank you for the opportunity to provide this explanation.

Best regards

Salvatore D’Angelo

Niacet

11
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Email dated December 1, 2017
“Dear Mr. D’Angelo,

Attached is a document containing example references that are relevant to the issues described in our
question. This should not be interpreted as an exhaustive list and Niacet is still responsible for conducting
its own literature search on this topic to identify information that should be included in a revised safety
narrative.”

Best regards,

Rachel Morissette, Ph.D.
Consumer Safety Officer

In response to the above email exchange, we were provided with eight references that
FDA describe as being relevant to question 10. In our revised safety assessment
narrative provided earlier in response to question 10, these references are covered. We
are attempting to provide additional information for each of these publications. We have
copied the abstract of each of these references along with the conclusion reached by the
authors. For ease of review, we have highlighted the findings/conclusion of the authors.
Additionally, we note that the issue of calcium supplementation and CVD is not a settled
issue. In fact, several references available in the published literature refute the findings in
some of your references. We are also providing some additional references as well as
summary below and details of relevant references in Tab C.

Suggested Sampling of Calcium References

1. Tankeu AT, Agbor VN, Noubiap JJ. Calcium supplementation and cardiovascular risk: A
rising
Concern. J Clin Hypertens 19: 640-646, 2017

“Abstract

Over the past decade, the number of individuals taking calcium supplementation worldwide has
been on the rise, especially with the emergence of new pharmaceutical companies specialized in
the marketing of dietary supplements; with calcium supplementation being their main business
axis. This is mostly because of the established role of calcium in the prevention and treatment of
osteoporosis and, to a lesser extent, its role in the prevention of fractures. Recently, a rising body
of evidence on the adverse effect of calcium supplementation on nonskeletal, especially
cardiovascular, health has been a cause for concern. In fact, a significant number of studies have
reported an association between calcium supplementation and adverse cardiovascular events,
even though high dietary calcium intake was shown to have a protective effect. The mechanism
by which calcium supplementation could cause a cardiovascular event was still unclear until a
recent study published in the Journal of the American Heart Association. Combining this recent
finding with available data associating calcium supplementation with cardiovascular mortality and
all-cause mortality, we call on the need for an evidence-based approach to calcium
supplementation, while stressing on the safety of dietary calcium intake over the former on
cardiovascular health.”

CONCLUSIONS

Recently published data suggest a significant increase in incident CAC with calcium supplementation.
Along with previous data associating calcium supplementation with cardiovascular mortality and all-cause
12
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mortality, this new evidence stresses the need for an evidence-based approach to calcium supplementation.
Moreover, it is urgent to educate health care providers on the possible risk of excessive and unnecessary
calcium supplementation. From a cardiovascular perspective, dietary calcium intake by eating foods high in
calcium appears safer than calcium loading with supplements.”

2. Anderson JJB, Kruszka B, Delaney JAC, He K, Burke GL, Alonso A, Bild DE, Budoff M,
Michos ED. Calcium intake from diet and supplements and the risk of coronary artery
calcification and its progression among older adults: 10-year follow-up of the multi-ethnic
study of atherosclerosis (MESA). J Am Heart Assoc 5: e003815, 2016

“Using a longitudinal cohort study, we assessed the association between calcium intake,
from both foods and supplements, and atherosclerosis, as measured by coronary artery
calcification (CAC). In summary, results from this long-term study of 10 years showed a
protective relationship between total calcium intake and incident coronary atherosclerosis,
particularly among nonsupplement users. Even though mean total calcium intake in quintile 5
was greater than the upper limits of current recommendations, no increased risk of CAC
progression was found, and the highest quintile of calcium intake actually had decreased risk
of incident CAC among those without prevalent CAC at baseline. However, we found
evidence that calcium supplement use was independently associated with incident CAC,
whether or not we adjusted for total calcium intake. This finding suggests that calcium
loading with supplements may not be entirely free of undesirable side effects, especially
considering evidence for events in randomized trials of calcium supplementation like the
Women's Health Initiative. Finally, our findings should reassure individuals who are following
dietary calcium recommendations by eating high-calcium foods that consuming calcium from
diet alone at these levels or higher is not associated with incident CAC.”

3. Chung M, Tang AM, Fu Z, Wang DD, Newberry SJ. Calcium intake and cardiovascular
disease risk: An updated systematic review and meta-analysis. Ann Intern Med 165: 856-
866, 2016

“Abstract
Background:

Conflicting evidence exists regarding potential cardiovascular risks associated with high levels of calcium
intake.

Purpose:

To update and reanalyze 2 systematic reviews to examine the effects of calcium intake on cardiovascular
disease (CVD) among generally healthy adults.”

Conclusion” “Calcium intake within tolerable upper intake levels (2000 to 2500 mg/d) is not associated
with CVD risk in generally healthy adults.”
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Comments

Elizabeth (Lisa) Samelson
Harvard Medical School, Beth Israel Deaconess Medical Center, Hebrew Senior Life
October 26, 2016

Population-based data shows no adverse effect of calcium intake on increased risk of
calcification of vascular tissues

Chung and colleagues conducted a robust meta-analysis and found no association between calcium
intake and cardiovascular risk. As the authors pointed out, the strength of the evidence linking calcium
supplementation with cardiovascular endpoints is weak, and a plausible biological mechanism has not
been identified.

However, we disagree with the authors that data on the calcification of vascular tissues associated with
calcium supplementation for the general population does not exist. We assessed the association
between calcium intake and the coronary artery calcification Agatston score, evaluated from CTs, in
1200 women and men the community-based Framingham Heart Study (Am J Clin Nutr 2012;96:1274—
80). We found no association between increasing Agatston scores and calcium intake from
supplements and/or diet. Our prospective study, conducted in a large, community-based population of
women and men, used state-of-the-art CT measures of coronary artery calcification and was able to
account for important potential confounders including vitamin D intake, prevalent coronary artery
disease, and kidney function.

Thus, our study, based on population data, supports the findings of Chung and co-authors, and
concludes that calcium supplementation within recommended intake levels does not increase
cardiovascular risk.”

4. Chin K, Appel LJ, Michos ED. Vitamin D, calcium, and cardiovascular disease:
A“D”vantageous or “D”etrimental? An era of uncertainty. Curr Atheroscler Rep 19: 5, 2017

“Abstract

While the function of vitamin D in regulating calcium homeostasis is well established,
there has been growing interest in its role in the prevention of numerous chronic
diseases, including cardiovascular disease (CVD). There is mounting epidemiological
evidence suggesting that vitamin D deficiency is linked to increased CVD risk.
However, the results of previous vitamin D supplementation trials have yielded mixed
results in regards to cardiovascular health, and the results of ongoing large-scale
randomized controlled trials are not yet available. Further complicating the issue,
calcium supplementation, which is often prescribed concurrently with vitamin D, has
been associated with increased CVD risk in some (but not all) studies. Thus, it is
currently unclear whether vitamin D supplements, particularly for those that are
deficient, can help prevent the development of CVD. In addition, there has not been
uniform consensus regarding the threshold of 25-hydroxyvitamin D levels that
constitutes “sufficiency” across organizational guidelines. This review will provide an

14



1(2)

update on the most recent evidence regarding the effects of vitamin D and calcium
supplements on CVD clinical outcomes, summarize ongoing vitamin D trials, and
discuss the current but remarkably disparate recommendations regarding vitamin D
deficiency screening and supplementation.”

5. Abrahamsen B. The calcium and vitamin D controversy. Ther Adv Musculoskel Dis 9(5):
107-114, 2017

“Abstract

Areas of the world where vitamin D levels are low for months of the year and intakes of
calcium are high have a high prevalence of osteoporosis and cardiovascular disease.
This suggests a public health message of avoiding calcium supplements and increasing
vitamin D intake. No message could be more welcome as vitamin D can be given as a
bolus while calcium must be taken daily and may be poorly tolerated. This approach is
based on no evidence from intervention studies. Randomized controlled trials (RCTs)
suggest that vitamin D given with calcium elicits a small reduction in fracture risk and
deaths. This has not been demonstrated for D given alone. The cardiovascular safety of
calcium and vitamin D (CaD) supplements is difficult to ascertain due to weaknesses in
RCT designs and adjudication that cannot be remedied by subanalysis. Moreover, no
major new RCTs are in process to provide better evidence. It remains unclear that
calcium from dietary sources has health advantages over supplements. Benefits may be
confined to patients with poor nutritional intake and the small effects at societal levels
may be derived from large effects in a small number of patients. This has been
impossible to confirm given the limited information about baseline vitamin D and calcium
status at entry into trials. Future intervention studies should carefully capture baseline
characteristics as these may determine the strength of the response, and make more
efficient use of randomization strategies allowing subsequent disassembly or
subanalyses while maintaining balancing. Though large clinical RCTs currently evaluate
the effects of higher vitamin D doses (equivalent to 50—83 pg/d) there is no current
research effort regarding the calcium controversy. In the absence of such studies it is not
possible to provide clinicians with evidence-based recommendations regarding the best
use of CaD supplementation.”

6. Rohrmann S, Garmo H, Malmstrom H, Hammar N, Jungner |, Walldius G, Van Hemelrijck
M. Association between serum calcium concentration and risk of incident and fatal
cardiovascular disease in the prospective AMORIS study. Atherosclerosis 251: 85-93,
2016

Abstract
“Background and aims

Previous epidemiological studies have shown positive associations between serum
calcium concentration and risk of cardiovascular disease (CVD), but results differ by
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definition of CVD. We examined the association of circulating calcium with incident and
fatal CVD, myocardial infarction (Ml), and stroke in the Swedish AMORIS cohort.

Methods

We included 441,738 participants of the AMORIS database linked for follow-up
information on morbidity and mortality. Concentrations of total calcium were fully
automated measured using a colorimetric method; concentrations of albumin were
measured with a bromocresol green method between 1985 and 1995. The association of
albumin-corrected calcium concentration and risk of incident and fatal CVD, MI, and
stroke, respectively, was assessed with multivariable adjusted Cox proportional hazards
models.

Results

Until December 31, 2011, during a median follow-up time of 21 years, 90,866 incident
cases of CVD, 21,271 of MI, and 25,810 of stroke were identified. High serum calcium
concentrations were associated with increased risk of non-fatal CVD (Hazard ratio

[HR] = 1.12, 95% CI 1.10-1.14, top [22.40 nmol/L] vs. bottom [£2-25 nmol/L] quintile), MI
(1.19, 1.14-1.25), and stroke (1.11, 1.06—1.15) and fatal disease (CVD: 1.41, 1.35-1.47;
MI: 1.41, 1.31-1.51; stroke: 1.30, 1.20-1.41). Effect modification by sex was observed for
incident disease such that associations were stronger among women than men. Serum
calcium was positively associated with both incident and fatal ischemic stroke and with
fatal hemorrhagic stroke, but not with incident hemorrhagic stroke. In a sub-groups
analysis, the results remained significant after adjustment for smoking.

Conclusions

The results support a modest positive association between serum calcium and risk of
CVD, but the underlying mineral metabolism and the exact mechanisms are currently
unclear.”

7. Yang B, Campbell PT, Gapstur SM, Jacobs EJ, Bostick RM, Fedirko V, Flanders WD,
McCullough ML. Calcium intake and mortality from all causes, cancer, and cardiovascular
disease: the Cancer Prevention Study Il Nutrition Cohort. Am J Clin Nutr 103:886—94,
2016

“ABSTRACT
Background: Calcium intake may be important for bone health, but its effects on other
outcomes, including cardiovascular disease (CVD) and cancer, remain unclear. Recent
reports of adverse cardiovascular effects of supplemental calcium have raised concerns.
Objective: We investigated associations of supplemental, dietary, and total calcium
intakes with all-cause, CVD-specific, and cancer specific mortality in a large, prospective
cohort. Design: A total of 132,823 participants in the Cancer Prevention Study Il Nutrition
Cohort, who were followed from baseline (1992 or 1993) through 2012 for mortality
outcomes, were included in the analysis. Dietary and supplemental calcium information
was first collected at baseline and updated in 1999 and 2003. Multivariable-adjusted Cox
16
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proportional hazards models with cumulative updating of exposures were used to
calculate RRs and 95% Cls for associations between calcium intake and mortality.
Results: During a mean follow-up of 17.5 y, 43,186 deaths occurred. For men,
supplemental calcium intake was overall not associated with mortality outcomes (P-trend
. 0.05 for all), but men who were taking $1000 mg supplemental calcium/d had a higher
risk of all-cause mortality (RR: 1.17; 95% CI: 1.03, 1.33), which was primarily attributed to
borderline statistically significant higher risk of CVD-specific mortality (RR: 1.22; 95% Cl:
0.99, 1.51). For women, supplemental calcium was inversely associated with mortality
from all causes [RR (95% CI): 0.90 (0.87, 0.94), 0.84 (0.80, 0.88), and 0.93 (0.87, 0.99)
for intakes of 0.1 to ,500, 500 to ,1000, and $1000 mg/d, respectively; P-trend , 0.01].
Total calcium intake was inversely associated with mortality in women (P-trend , 0.01) but
not in men; dietary calcium was not associated with all-cause mortality in either sex.
Conclusions: In this cohort, associations of calcium intake and mortality varied by sex.
For women, total and supplemental calcium intakes are associated with lower mortality,
whereas for men, supplemental calcium intake $1000 mg/d may be associated with
higher all-cause and CVD-specific mortality. Am J Clin Nutr 2016;103:886—94.””

8. AsemiZ, Saneei P, Sabihi SS, Feizi A, Esmaillzadeh A. Total, dietary, and supplemental calcium
intake and mortality from all-causes, cardiovascular disease, and cancer: A meta-analysis of
observational studies. Nutr Metab Cardiovasc Dis 25, 623-634, 2015

“Abstract
Aims

This systematic review and meta-analysis of observational studies was conducted to
summarize the evidence on the association between calcium intake and mortality.

Methods and results

PubMed, Institute for Scientific Information (ISI) (Web of Science), SCOPUS, SciRUS,
Google Scholar, and Excerpta Medica dataBASE (EMBASE) were searched to identify
related articles published through May 2014. We found 22 articles that assessed the
association between total, dietary, and supplementary intake with mortality from all-
causes, cardiovascular disease (CVD), and cancer. Findings from this meta-analysis
revealed no significant association between total and dietary calcium intake and mortality
from all-causes, CVD, and cancer. Subgroup analysis by the duration of follow-up
revealed a significant positive association between total calcium intake and CVD
mortality for cohort studies with a mean follow-up duration of >10 years (relative risk
(RR): 1.35; 95% confidence interval (Cl): 1.09—1.68). A significant inverse association
was seen between dietary calcium intake and all-cause (RR: 0.84; 95% CI: 0.70-1.00)
and CVD mortality (RR: 0.88; 95% CI: 0.78—0.99) for studies with a mean follow-up
duration of <10 years. Although supplemental calcium intake was not associated with
CVD (RR: 0.95; 95% CI: 0.82—-1.10) and cancer mortality (RR: 1.22; 95% CI: 0.81-1.84),
it was inversely associated with the risk of all-cause mortality (RR: 0.91; 95% CI: 0.88—
0.94).
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Conclusions

We found a significant relationship between the total calcium intake and an increased risk
of CVD mortality for studies with a long follow-up time and a significant protective
association between dietary calcium intake and all-cause and CVD mortality for studies
with a mean follow-up of <10 years. Supplemental calcium intake was associated with a
decreased risk of all-cause mortality.”

In summary, the above references, considered in totality, suggest that the evidence does not
support a concern between calcium supplements and CVD.

Additional Supporting evidence for safety of calcium acetate and some
recent References

Calcium acetate — Use in Dietary Supplements

We note that calcium acetate is not a major source of calcium in dietary supplements. In fact, a
search of the Dietary Supplements Labeling Database (DSLB) (searched Dec. 2, 2017) did not
find a single label that listed calcium acetate in a dietary supplement amongst products marketed
in the U.S. (the results of these searches are listed below). Likewise, calcium propionate is seldom
used in dietary supplements as a source of calcium. By contrast, calcium carbonate is listed in a
large number of dietary supplement products as is calcium citrate. The NIH Fact Sheet on
calcium states that: “The two major forms of calcium in supplements are carbonate and citrate.”
Based on these findings, we respectively suggest that calcium acetate in dietary supplements does
not impact the safety of calcium acetate for other food uses. This indicates that exposure to
calcium acetate will be primarily from its addition to food and unlike dietary supplement uses of
other calcium products, it will not be exposed in bolus dose.

Your search for "calcium acetate" was found in the following Label elements:

1. Product Name: 0 products found containing "calcium acetate" in the product name

2. Dietary Ingredient Name: 0 dietary ingredients found containing "calcium acetate" as the
dietary ingredient name

3. Brand Name: 0 brands found containing "calcium acetate" in the product brand name

4. Contacts Name: 0 contact found containing "calcium acetate" in the product contact name

5. Anywhere: 0 products found containing "calcium acetate" anywhere on the label

Your search for "calcium propionate" was found in the following Label elements:

1. Product Name: 0 products found containing "calcium propionate" in the product name
2. Dietary Ingredient Name: Q dietary ingredients found containing "calcium propionate" as
the dietary ingredient name
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3. Brand Name: 0 brands found containing "calcium propionate" in the product brand name

4. Contacts Name: 0 contact found containing "calcium propionate" in the product contact
name

5. Anywhere: 2 products found containing "calcium propionate" anywhere on the label

Your search for "calcium carbonate" was found in the following Label elements:

Product Name: 4 products found containing "calcium carbonate" in the product name

2. Dietary Ingredient Name: 3 dietary ingredients found containing "calcium carbonate" as
the dietary ingredient name

3. Brand Name: 0 brands found containing "calcium carbonate" in the product brand name

4. Contacts Name: 0 contact found containing "calcium carbonate" in the product contact
name

5. Anywhere: 3470 products found containing "calcium carbonate" anywhere on the label

-

Your search for "calcium citrate" was found in the following Label elements:

1. Product Name: 122 products found containing "calcium citrate" in the product name

2. Dietary Ingredient Name: 5 dietary ingredients found containing "calcium citrate" as the
dietary ingredient name

Brand Name: 0 brands found containing "calcium citrate" in the product brand name
Contacts Name: 0 contact found containing "calcium citrate" in the product contact name
Anywhere: 1774 products found containing "calcium citrate" anywhere on the label

AW

Additional References

1. The Association of Calcium Supplementation and Incident
Cardiovascular Events in the Multi-Ethnic Study of Atherosclerosis
(MESA)

L.M. Raffield,*r* S. Agarwal,” F.C. Hsu,® |.H. de Boer,” J.H. Ix,° D. Siscovick,' M. Szklo,® G.L.
Burke,” A.C. Frazier-Wood,' and D.M. Herrington’

Nutr Metab Cardiovasc Dis. 2016 October; 26(10): 899-907.
Published online 2016 July 16. doi: 10.1016/j.numecd.2016.07.007

Abstract

Background and Aims

Many US adults use calcium supplements to address inadequate dietary intake and improve bone
health. However, recent reports have suggested that use of calcium supplements may elevate
cardiovascular disease (CVD) risk. In this study, we examined associations between baseline
calcium supplement use and incident myocardial infarction (MI) (n=208 events) and CVD events
(n=641 events) over 10.3 years in men and women from the Multi-Ethnic Study of Atherosclerosis
(MESA) cohort (n=6,236), with dietary calcium intake at baseline also examined as a
supplementary objective.
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Methods and Results

Using Cox proportional hazards models, no compelling associations between calcium intake from
supplements or diet and incident CVD events were observed upon multivariate adjustment for
potential confounders. An association with lower M1 risk was observed comparing those with low
levels of calcium supplement use (1-499 mg) to those using no calcium supplements (hazard ratio
0.69, 95% CI1 0.48, 0.98, p=0.039). Relationships were homogeneous by gender, race/ethnicity, or
chronic kidney disease. Results were also similar when the analysis was limited to
postmenopausal women only.

Conclusion

Analysis of incident MI and CVD events in the MESA cohort does not support a substantial
association of calcium supplement use with negative cardiovascular outcomes.

2. Lewis, J. R., Radavelli-Bagatini, S., Rejnmark, L., Chen, J. S., Simpson, J. M., Lappe,
J. M., Mosekilde, L., Prentice, R. L. and Prince, R. L. (2015), The Effects of Calcium
Supplementation on Verified Coronary Heart Disease Hospitalization and Death in
Postmenopausal Women: A Collaborative Meta-Analysis of Randomized Controlled
Trials. J Bone Miner Res, 30: 165—-175. doi:10.1002/jobmr.2311

ABSTRACT

Calcium supplementation, particularly with vitamin D, has been an approved public health
intervention to reduce fracture risk. Enthusiasm for this intervention has been mitigated by meta-
analyses suggesting that calcium supplementation with or without vitamin D increases myocardial
infarction (MI) risk; however, concern has been raised over the design of these meta-analyses.
We, therefore, undertook a meta-analysis of randomized controlled trials with placebo or no-
treatment control groups to determine if these supplements increase all-cause mortality and
coronary heart disease (CHD) risk including MI, angina pectoris and acute coronary syndrome,
and chronic CHD verified by clinical review, hospital record, or death certificate in elderly
women. The Cochrane Central Register of Controlled Trials, MEDLINE, and EMBASE databases
were searched from January 1, 1966, to May 24, 2013, for potentially eligible studies, reference
lists were checked, and trial investigators were contacted where additional unpublished data were
required. The search yielded 661 potentially eligible reports of which 18 met the inclusion criteria
and contributed information on 63,563 participants with 3390 CHD events and 4157 deaths. Two
authors extracted the data independently with trial data combined using random-effects meta-
analysis to calculate the relative risk (RR). Five trials contributed CHD events with pooled relative
RR of 1.02 (95% confidence interval [CI], 0.96-1.09; p = 0.51). Seventeen trials contributed all-
cause mortality data with pooled RR of 0.96 (95% CI, 0.91-1.02; p = 0.18). Heterogeneity
among the trials was low for both primary outcomes (I* = 0%). For secondary outcomes, the RR
for MI was 1.08 (95% CI, 0.92-1.26; p = 0.32), angina pectoris and acute coronary syndrome

1.09 (95% C1, 0.95-1.24; p = 0.22) and chronic CHD 0.92 (95% CI, 0.73-1.15; p = 0.46). In
conclusion, current evidence does not support the hypothesis that calcium supplementation with or
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without vitamin D increases coronary heart disease or all-cause mortality risk in elderly women. ©
2014 American Society for Bone and Mineral Research.

3. Stephen L. Kopecky, Douglas C. Bauer, Martha Gulati, Jeri W. Nieves, Andrea J. Singer,
Peter P. Toth, et al. Lack of Evidence Linking Calcium With or Without Vitamin D
Supplementation to Cardiovascular Disease in Generally Healthy Adults: A Clinical

Guideline From the National Osteoporosis Foundation and the American Society for
Preventive Cardiology. Ann Intern Med. 2016;165:867-868. doi: 10.7326/M16-1743

Abstract

Description:

Calcium is the dominant mineral present in bone and a shortfall nutrient in the American diet.
Supplements have been recommended for persons who do not consume adequate calcium from their
diet as a standard strategy for the prevention of osteoporosis and related fractures. Whether calcium
with or without vitamin D supplementation is beneficial or detrimental to vascular health is not
known.

Methods:

The National Osteoporosis Foundation and American Society for Preventive Cardiology convened an
expert panel to evaluate the effects of dietary and supplemental calcium on cardiovascular disease
based on the existing peer-reviewed scientific literature. The panel considered the findings of the
accompanying updated evidence report provided by an independent evidence review team at Tufts
University.

Recommendation:

The National Osteoporosis Foundation and American Society for Preventive Cardiology adopt the
position that 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. In light of the evidence available to date, calcium 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.

4. Karen L. Margolis, JoAnn E. Manson. Calcium Supplements and Cardiovascular Disease
Risk: What Do Clinicians and Patients Need to Know?. Ann Intern Med. 2016;165:884—
885. doi: 10.7326/M16-2193

Calcium is the most abundant mineral in the body. Although 99% of total body calcium is found in the
bones and teeth, it also plays an essential role in vascular contraction and dilation, muscle function,
nerve transmission, intracellular signaling, and hormonal secretion (1). A recent comprehensive
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review convened by the Institute of Medicine (IOM) to establish population needs for calcium and
vitamin D intake concluded that the scientific evidence was strong enough to support
recommendations for intakes of these nutrients for bone health (1) but that the evidence related to
extraskeletal outcomes was “inconsistent, inconclusive as to causality, and insufficient to inform
nutritional requirements” (2). Thus, the IOM recommended that men and women aged 19 to 50
years consume a total of 1000 mg/d of calcium, and that women older than 50 and men older than
70 years consume a total of 1200 mg/d, emphasizing that there is no evidence that consuming higher
amounts results in greater health benefits (1).

5. Latest Data: Calcium Supplements Not Associated With CVD
Pam Harrison
April 22, 2016

Calcium supplements with and without vitamin D have again been shown not to adversely affect
cardiovascular disease (CVD) outcomes in men or women between 40 and 69 years of age. The
latest analysis to examine this issue includes data from more than half a million individuals.
"Historically, the only side effects of calcium supplementation were an increased risk of
indigestion and a very small increased risk of kidney stones, but in recent years, there has been a
suggestion from a small number of researchers that calcium supplementation might lead to an
increased risk of heart attacks," lead author Nicholas Harvey, MD, University of Southampton,
United Kingdom, told Medscape Medical News in an email.

"Using the UK Biobank cohort, we had the opportunity to examine this issue in 500,000 UK men
and women in middle to older age, and our results suggest that calcium supplementation — with
or without vitamin D supplementation — does not increase the risk of cardiovascular events."
The study was presented at the World Congress on Osteoporosis, Osteoarthritis, and
Musculoskeletal Diseases, held in Malaga, Spain, April 14-17, 2016.

Reassurance That Calcium/Vitamin D Supplementation Safe

The UK Biobank is a large, prospective cohort involving 502,664 men and women from the
United Kingdom. At baseline, the median age of participants was 58 years.

Investigators recorded baseline intake of calcium and vitamin D supplements and linked this to
hospital admissions for ischemic heart disease, any CV event, and death through 7 years of
follow-up.

They found that 34,890 participants reported taking calcium supplements and that 20,004 were
taking vitamin D supplements. Only 2.1% of the group overall were taking both.
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In both crude and adjusted analyses for all possible confounders, "There were no associations
between use of calcium supplements and risk of incident hospital admission with ischemic heart
disease, any cardiovascular event, or death following either admission category," Dr Harvey
reported.

Hazard Ratios in the Adjusted Model for Study End Points

Group Ischemic heart disease admission: HR Death from ischemic heart
(95% CI) disease: HR
Women taking calcium vs no 1.06 (0.32-1.61; P =.62) 0.71 (0.32-1.61; P = 42)

calcium intake

Men taking calcium vs no calcium 1.02 (0.80-1.30; P = .87) 0.92 (0.52-1.62; P =.76)
intake

HR=hazard ratio

95% CI=95% confidence interval

"Results were similar for vitamin D and combination supplementation," he and his colleagues add.
Further adjustment for the use of hormone-replacement therapy in women also did not alter the
association between calcium supplementation and CVD end points.

Investigators also pointed out that the findings remained robust when corrected for possible
confounders, including age, body mass index, and medication use, and they remained the same
whether participants had a history of CVD or not at baseline.

"Calcium supplementation is widely used, including as an adjunct to therapy for osteoporosis," Dr
Harvey said in a statement. "Our results, using the largest single study to date, provide reassurance
that such supplementation appears safe."

No Evidence for Causal Relationship

There has long been debate about the relative safety of calcium supplements, with physicians
recommending that individuals try to obtain the calcium they need from food sources rather than
pills.

But because calcium and vitamin D are essential for bone health and the elderly often cannot meet
the recommended daily requirements for either nutrient through diet alone, supplements are
widely used.

Asked by Medscape Medical News to comment, Bess Dawson-Hughes, MD, director of the bone
metabolism laboratory at the United States Department of Agriculture nutrition center on aging
and professor of medicine, Tufts University School of Medicine, Boston, Massachusetts, said that
there is a lot of material out there right now on the possible causal relationship between calcium
supplementation and CVD end points.

The weight of evidence is that there is not an identifiable risk from calcium supplementation in the
CV arena, she asserted.

This is particularly important for the elderly, for whom supplementation may be critical for bone
health, she added.

"The elderly are not only at risk for osteoporosis but they are also at risk for CVD, so you don't
want to have an intervention that prevents one but aggravates the other," Dr Dawson-Hughes said.
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"So this is a very important issue, and I'm relieved that the evidence does not support a causal
relationship."

Dr Harvey has received personal fees, consultancy fees, lecture fees, and honoraria from Alliance
for Better Bone Health, Amgen, MSD, Eli Lilly, Servicer, Shire, Consoling Healthcare, and
Internis Pharmaceuticals outside the current work. Dr Dawson-Hughes has received an
investigator-initiated research grant from Pfizer and DSM to study the effects of vitamin D on
muscle.

World Congress on Osteoporosis, Osteoarthritis and Musculoskeletal Diseases; April 16, 2016;
Malaga, Spain. Abstract P311.

[Available at: https://www.medscape.com/viewarticle/862345].

6. Calcium Supplement Intake and Risk of Cardiovascular Disease in Women

Paik, J.M., Curhan, G.C., Sun, Q. et al. Osteoporos Int (2014) 25: 2047.
https://doi.org/10.1007/s00198-014-2732-3

Abstract

Background

Some recent reports suggest that calcium supplements may increase cardiovascular disease (CVD)
risk.

Purpose

The objective was to examine the independent associations between calcium supplement use and
risk of CVD.

Methods

We conducted a prospective cohort study of supplemental calcium use and incident CVD in
74,245 women in the Nurses' Health Study (1984-2008) free of CVD and cancer at baseline.
Calcium supplement intake was assessed every four years. Outcomes were incident coronary heart
disease (CHD) (nonfatal or fatal MI) and stroke (ischemic or hemorrhagic), confirmed by medical
record review.

Results

During 24 years of follow-up, 4,565 cardiovascular events occurred (2,709 CHD and 1,856
strokes). At baseline, women who took calcium supplements had higher levels of physical
activity, smoked less, and had lower trans fat intake compared with those who did not take
calcium supplements. After multivariable adjustment for age, body mass index, dietary calcium,
vitamin D intake, and other CVD risk factors, the relative risk of CVD for women taking
>1,000mg/day of calcium supplements compared with none was 0.82 (95% C10.74 to 0.92; p for
trend <0.001). For women taking >1,000mg/day of calcium supplements compared with none, the
multivariable-adjusted relative risk for CHD was 0.71 (0.61 to 0.83; p for trend<0.001) and for
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stroke was 1.03 (0.87 to 1.21; p for trend=0.61). The relative risks were similar in analyses limited
to non-smokers, women without hypertension, and women who had regular physical exams.

Conclusions

The available evidence, when considered in its totality, does not support the hypothesis that
calcium supplement intake increases CVD risk in women. Also, the available evidence does not
indicate that calcium acetate is used in dietary supplements. Additional research is needed in this
area to further understand the role, if any, that calcium supplementation, through the use of dietary
supplements may play in these etiologies.
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Tab A. Calcium Fact Sheet for Professionals

(attached separately)

[Also available at: https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/.]
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Tab B. Specifications for Six Non-consecutive Lots of Niacet’s Calcium acetate

(attached separately)
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Tab C. Details of the relevant recent publications

(attached separately)
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Tab A

CERTIFICATE OF ANALYSIS 80020744 1 (2)
9 80020744
: 23.10.2017
Customer's reference Order no. / date
4500028714 1000018610
15.09.2017

Niacet Corporation
400 47th street
NIAGARA FALLS, NY NY 14304
USA
Description Cust. No.:
PROGUSTA CA GRANULAR 20KG 52489
Code Gross Weight Net Weight
50276 18.486,000 KG 18.000,000 KG
Batch Manufacturing date Expiration date
2000043473 16.10.2017 16.10.2019
Characteristic Result Specification Unit
Assay on dried material 99,2 99,0 - 100,5 % (m)
Mercury (Hg)* <= 1 ppm
Oxidisable Impurities as Formic Acid < 01 <= 0,1 % (m)
pH of 10% solution 7.3 6,0 -9,0
Water 5,5 <= 6,0 % (m)
Chloride 232 <= 500 ppm
Iron < 2,0 <= 10,0 ppm
Appearance White agglomerate White agglomerate
Insolubles in water < 0,1 <= 0,1 % (m)
Lead* <= 2 ppm
Fluoride® <= 50 ppm
Heavy Metals (as Pb)* <= 10 ppm
Arsenic® <=3 ppm
Sulphate < 0,1 <= 0,1 % (m)
Remarks:

This Certificate of Analysis is based on batch specific analysis. Parameters marked with * are not
tested for every batch, but these are tested periodically. All our raw materials are obtained from
only approved suppliers and match with our raw material specifications according to our ISO 9001
quality management system. Representative samples of each batch are retained for three years and
the analysis results of each batch are archived for 10 years. Each sales order is directly linked to (a)

batch number(s).

Niacet b.v.

Papesteeg 91, 4006 WC Tiel
P.O.Box 60, 4000 AB Tiel
The Netherlands

Tel. + 31 344 615 224
Fax + 31 344 611 475

tiel@niacet.nl
www.niacet.com

IBAN NL61BOFA0266533965
Trade register Tiel
Registration no. 11044303
VAT NL807461817B01
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CERTIFICATE OF ANALYSIS 80018486 1 ()
9 80018486 ‘
12.10.2017 -
Customer's reference Order no. / date
4500024803 1000016366
28.04.2017
Niacet Corporation
400 47th street
NIAGARA FALLS, NY NY 14304
USA
Description Cust. No.:
PROGUSTA CA GRANULAR 20KG 52489
Code Gross Woeight Net Weight
50276 18.465,460 KG 17.980,000 KG
Batch Manufacturing date Expiration date
2000041879 09.09.2017 09.09.2019
Characteristic Resuit Specification Unit
Assay on dried material 99,4 99,0 - 100,5 % (m)
Mercury (Hg)* <= 1 ppm
Oxidisable Impurities as Formic Acid < 0,1 <= 0,1 % (m)
pH of 10% solution 7.4 6,0 - 9,0
Water 5,8 <= 8,0 % (m)
Chloride 267 <= 500 ppm
Iron < 2,0 <= 10,0 ppm
Appearance White agglomerate White agglomerate
Insolubles in water < 0,1 <= 01 % (m)
Lead* <= 2 ppm
Fluoride* <= 50 ppm
Heavy Metals (as Pb)* <= 10 ppm
Arsenic* <= 3 ppm
Sulphate < 0,1 <= 0,1 % (m)
Remarks:

This Certificate of Analysis is based on batch specific analysis. Parameters marked with * are not
tested for every batch, but these are tested periodically. All our raw materials are obtained from
only approved suppliers and match with our raw material specifications according to our 1ISO 9001
quality management system. Representative samples of each batch are retained for three years and
the analysis results of each batch are archived for 10 years. Each sales order is directly linked to (a)

batch number(s).

Niacet b.v.

Papesteeg 91, 4006 WC Tiel
P.O.Box 60, 4000 AB Tiel
The Netherlands

Tel. + 31 344 615 224
Fax + 31 344 611 475
tiel@niacet.nl
www.niacet.com

IBAN NL61BOFA(02665333965
Trade register Tiel
Registration no. 11044303
VAT NL807461817B01




CERTIFICATE OF ANALYSIS 80018983 1 @)
J 80018983
14.06.2017
Customer's reference Order no. / date
4500025678 1000016972
31.05.2017

Niacet Corporation
400 47th street
NIAGARA FALLS, NY NY 14304
USA
Description Cust. No.:
PROGUSTA CA POWDER 20KG 52487
Code Gross Weight Net Weight
52025 9.175,680 KG 8.640,000 KG
Batch Manufacturing date Expiration date
2000040253 13.06.2017 13.06.2019
Characteristic Result Specification Unit
Assay on dried material 100,2 99,0 - 100,5 % (m)
Mercury (Hg)* <= 1 ppm
Oxidisable Impurities as Formic Acid < 01 <= 0,1 % (m)
pH of 10% solution 7,3 6,0 -9,0
Water 6,0 <= 6,0 % (m)
Chloride < 100 <= 500 ppm
Iron < 2,0 <= 10,0 ppm
Appearance White powder White powder
Insolubles in water < 0,1 <= 0,1 % (m)
Lead* <= 2 ppm
Fluoride* <= 50 ppm
Heavy Metals (as Pb)* <= 10 ppm
Arsenic*® <= 3 ppm
Sulphate < 0,1 = 0,1 % (m)
Remarks:

This Certificate of Analysis is based on batch specific analysis. Parameters marked with * are nof
tested for every batch, but these are tested periodically. All our raw materials are obtained from
only approved suppliers and match with our raw material specifications according to our 1SO 9001
quality management system. Representative samples of each batch are retained for three years and
the analysis results of each batch are archived for 10 years. Each sales order is directly linked to (a)

batch number(s).

Niacet b.v.

Papesteeg 91, 4006 WC Tiel
P.O.Box 60, 4000 AB Tiel
The Netherlands

Tel. + 31 344 615 224
Fax + 31 344 611 475
tiel@niacet.ni
www.hiacet.com

IBAN NL61BOFA(266533965
Trade register Tiel
Registration no. 11044303
VAT NLB07461817B01




CERTIFICATE OF ANALYSIS 80010066 1(2)

) 80010066
16.12.2015
Customer's reference Order no. / date
4500011139 1000008779
08.12.2015
Niacet Corporation
400 47th street
NIAGARA FALLS, NY NY 14304
USA
Description
PROGUSTA CA POWDER 20KG
Code Gross Weight Net Weight
52025 764,640 KG 720,000 KG
Batch Manufacturing date Expiration date
2000023850 22.11.2015 21.11.2017
Characteristic Result Specification Unit
Assay on dried matter 99,3 99,0 - 100,5 % (m)
Mercury (Hg)* <=1 ppm
Insoluble in water < 1000 <= 1000 ppm
pH of 10% solution 7,1 6,0 - 9,0
Sulphate < 600 <= 1000 ppm
Water © 5,2 <= 6,0 % (m)
Chloride < 400 <= 500 ppm
Iron < 2,0 <= 10,0 ppm
Appearance White powder White powder
Oxidisable impurities as H. Form < 1000 <= 1000 ppm
Lead* <= 2 ppm
Fluoride* <= 50 ppm
Heavy Metals (as Pb)* <= 10 ppm
Arsenic* <=3 ppm
Remarks:

This Certificate of Analysis is based on batch specific analysis. Parameters marked with * are not
tested for every batch, but these are tested periodically. All our raw materials are obtained from
only approved suppliers and match with our raw material specifications according to our ISO 9001
quality management system. Representative samples of each batch are retained for three years and
the analysis results of each batch are archived for 10 years. Each sales order is directly linked to (a)
batch number(s). ‘

Niacet b.v. Tel. + 31 344 615 224 IBAN NL61BOFA0266533965
Papesteeg 91, 4006 WC Tiel Fax + 31 344 611 475 Trade register Tiel
P.O0.Box 60, 4000 AB Tiel tiel@niacet.nl Registration no. 11044303

The Netherlands www.niacet.com VAT NL807461817B01




CERTIFICATE OF ANALYSIS 80006988 1(2)

) 80006988
03/24/2015
Customer's reference Order no. / date
233507 1000005946
03/04/2015
Niacet Corporation
400 47th street
Niagara Falls, NY NY 14304
us
Description
PROGUSTA CA POWDER 20KG
Code Gross Weight Net Weight
52026 .4,818.660 KG 4,620.000 KG
Batch Manufacturing date Expiration date
2000016672 03/10/2015 03/09/2017
Characteristic Result Specification Unit
Assay on dried matter 99.5 99.0-100.5 %{(m)
Mercury (Hg)* <=1 ppm
Insoluble in water <1000 <=1000 ppm
pH of 10% solution 7.2 6.0-9.0
Sulphate <500 <=1000 ppm
Water 54 <=6.0 Y%(m)
Chioride <400 <= 500 ppm
fron <5.0 <=10.0 ppm
Appearance White powder White powder
Oxidisable impurities as H. Form <1000 <= 1000 ppm
Lead* <=2 ppm
Fluoride* <= 50 ppm
Heavy Metals (as Pb)* <=10 ppm
Arsenic* <=3 ppm
Remarks:

This Certificate of Analysis is based on batch specific analysis. Parameters marked with * are not
tested for every batch, but these are tested periodically. All our raw materials are obtained from only
approved suppliers and match with our raw material specifications according to our ISO 9001 quality
management system. Representative samples of each batch are retained for three years and the
analysis results of each batch are archived for 10 years. Each sales order is directly linked to (a)
batch number(s).

This CoA is only valid when the product is in its original undamaged packaging and when stored

Niacet b.v. Tel +31 344 615 224 IBAN NL61BOFAQ266533965
Papesteeg 91, 4006 WC Tiel Fax+31 344 611475 Trade register Tiel
P.0.Box 60, 4000 AB Tie! tiel@niacet.nl Registration no. 11044303

The Netherlands www.niacet.com VAT NL807461817B01




CERTIFICATE OF ANALYSIS 80005523 1(2)

) 80005523
10/27/2014
Customer's reference Order no. / date
231532 1000004780
10/20/2014
Niacet Corporation
400 47th street
Niagara Falls, NY NY 14304
us
Description
PROGUSTA CA POWDER 20KG
Code Gross Weight Net Weight
52025 382.320 KG 360.000 KG
Container no.
APHUGB744876/TS13063620
Batch Manufacturing date Expiration date

2000010903 07/05/2014 07/04/2016
Characteristic Result Specification Unit
Assay on dried matter 99.0 99.0 - 100.5 %{m)
Mercury (Hg)* <=1 ppm
Insoluble in water <1000 <=1000 ppm
pH of 10% solution 7.3 6.0-9.0

Sulphate <1000 <= 1000 ppm
Water 5.8 <=6.0 %(m)
Chloride <100 <= 500 ppm
Appearance White powder White powder

Oxidisable impurities as H. Form <1000 <=1000 ppm
Lead* <=2 ppm
Iron* <=10 ppm
Fluoride* <= 50 ppm
Heavy Metals (as Pb)* <=10 ppm
Arsenic* <=3 ppm
Remarks:

This Certificate of Analysis is based on batch specific analysis. Parameters marked with * are not
tested for every batch, but these are tested periodically. All our raw materials are obtained from only
approved suppliers and match with our raw material specifications according to our ISO 9001 quality
management system. Representative samples of each batch are retained for three years and the
analysis results of each batch are archived for 10 years. Each sales order is directly linked to (a)

batch number(s).

Niacet b.v. Tel. +31 344 615 224 IBAN NL61BOFA0266533965
Papesteeg 91, 4006 WC Tiel Fax+31 344 611 475 Trade register Tiel

P.0.Box 60, 4000 AB Tiel tiel@niacet.nl Registration no. 11044303
The Netherlands www.niacet.com VAT NLB807461817B01
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Introduction

Calcium, the
most abundant
mineral in the
body, is found in
some foods,
added to others,
available as a
dietary
supplement, and
present in some
medicines (such
as antacids).
Calcium is
required for
vascular contraction and vasodilation, muscle function, nerve
transmission, intracellular signaling and hormonal secretion,

Have a question?
Ask ODS:

ods.od.nih.gov/contact

though less than 1% of total body calcium is needed to support these critical metabolic functions [1]. Serum
calcium is very tightly regulated and does not fluctuate with changes in dietary intakes; the body uses bone
tissue as a reservoir for, and source of calcium, to maintain constant concentrations of calcium in blood,

muscle, and intercellular fluids [1].

The remaining 99% of the body’s calcium supply is stored in the bones and teeth where it supports their
structure and function [1]. Bone itself undergoes continuous remodeling, with constant resorption and
deposition of calcium into new bone. The balance between bone resorption and deposition changes with age.
Bone formation exceeds resorption in periods of growth in children and adolescents, whereas in early and
middle adulthood both processes are relatively equal. In aging adults, particularly among postmenopausal
women, bone breakdown exceeds formation, resulting in bone loss that increases the risk of osteoporosis
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over time [1].
Recommended Intakes

Intake recommendations for calcium and other nutrients are provided in the Dietary Reference Intakes (DRIs)
developed by the Food and Nutrition Board (FNB) at the Institute of Medicine of the National Academies
(formerly National Academy of Sciences) [1]. DRI is the general term for a set of reference values used for
planning and assessing the nutrient intakes of healthy people. These values, which vary by age and gender,
include:

® Recommended Dietary Allowance (RDA): average daily level of intake sufficient to meet the nutrient
requirements of nearly all (97%—98%) healthy individuals.

® Adequate Intake (Al): established when evidence is insufficient to develop an RDA and is set at a level
assumed to ensure nutritional adequacy.

e Estimated Average Requirement (EAR): average daily level of intake estimated to meet the
requirements of 50% of healthy individuals. It is usually used to assess the adequacy of nutrient
intakes in populations but not individuals.

® Tolerable Upper Intake Level (UL): maximum daily intake unlikely to cause adverse health effects [1].

The FNB established RDAs for the amounts of calcium required for bone health and to maintain adequate
rates of calcium retention in healthy people. They are listed in Table 1 in milligrams (mg) per day.

Table 1: Recommended Dietary Allowances (RDAs) for
Calcium [1]

Age Male Female Pregnant Lactating
0—6 months* 200 mg 200 mg
7-12 months®* 260 mg 260 mg
1-3 years 700mg 700 mg
4-8 years 1,000 mg 1,000 mg
9-13 years 1,300 mg 1,300 mg
14-18 years 1,300 mg 1,300 mg 1,300 mg 1,300 mg
19-60 years 1,000 mg 1,000 mg 1,000 mg 1,000 mg
51-70 years 1,000 mg 1,200 mg
71+ years 1,200 mg 1,200 mg

* Adequate Intake (Al)
Sources of Calcium

Food

Milk, yogurt, and cheese are rich natural sources of calcium and are the major food contributors of this
nutrient to people in the United States [1]. Nondairy sources include vegetables, such as Chinese cabbage,
kale, and broccoli. Spinach provides calcium, but its bioavailability is poor. Most grains do not have high
amounts of calcium unless they are fortified; however, they contribute calcium to the diet because they
contain small amounts of calcium and people consume them frequently. Foods fortified with calcium include
many fruit juices and drinks, tofu, and cereals. Selected food sources of calcium are listed in Table 2.
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Table 2: Selected Food Sources of Calcium [2]

Milligrams (mg)

Food per serving Percent DV*
Yogurt, plain, low fat, 8 ounces 415 42
Mozzarella, part skim, 1.5 ounces 333 33
Sardines, canned in oil, with bones, 3 ounces 325 33
Yogurt, fruit, low fat, 8 ounces 313-384 31-38
Cheddar cheese, 1.5 ounces 307 31
Milk, nonfat, 8 ounces™* 299 30
Soymilk, calcium-fortified, 8 ounces 299 30
Milk, reduced-fat (2% milk fat), 8 ounces 293 29
Milk, buttermilk, lowfat, 8 ounces 284 28
Milk, whole (3.25% milk fat), 8 ounces 276 28
Orange juice, calcium-fortified, 6 ounces 261 26
Tofu, firm, made with calcium sulfate, 2 cup*** 253 25
Salmon, pink, canned, solids with bone, 3 ounces 181 18
Cottage cheese, 1% milk fat, 1 cup 138 14
Tofu, soft, made with calcium sulfate, 2 cup*** 138 14
Ready-to-eat cereal, calcium-fortified, 1 cup 100-1,000 10-100
Frozen yogurt, vanilla, soft serve, %2 cup 103 10
Turnip greens, fresh, boiled, ¥z cup 99 10
Kale, fresh, cooked, 1 cup 94 9
Ice cream, vanilla, 2 cup 84 8
Chinese cabbage, bok choi, raw, shredded, 1 cup 74 7
Bread, white, 1 slice 73 7
Pudding, chocolate, ready to eat, refrigerated, 4 ounces 55 6
Tortilla, corn, ready-to-bake/fry, one 6” diameter 46 5
Tortilla, flour, ready-to-bake/fry, one 6” diameter 32 3
Sour cream, reduced fat, cultured, 2 tablespoons 31 3
Bread, whole-wheat, 1 slice 30 3
Kale, raw, chopped, 1 cup 24 2
Broccoli, raw, 2 cup 21 2
Cheese, cream, regular, 1 tablespoon 14 1

* DV = Daily Value. DVs were developed by the U.S. Food and Drug Administration to help consumers
compare the nutrient contents among products within the context of a total daily diet. The DV for calcium is
1,000 mg for adults and children aged 4 years and older. Foods providing 20% of more of the DV are
considered to be high sources of a nutrient, but foods providing lower percentages of the DV also contribute
to a healthful diet. The U.S. Department of Agriculture’s (USDA’s) Nutrient Database & Web site lists the
nutrient content of many foods and provides comprehensive list of foods containing calcium arranged by
nutrient content and by food name.

** Calcium content varies slightly by fat content; the more fat, the less calcium the food contains.

“** Calcium content is for tofu processed with a calcium salt. Tofu processed with other salts does not provide
significant amounts of calcium.
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In its food guidance system, MyPlate, the U.S. Department of Agriculture recommends that persons aged 9
years and older eat 3 cups of foods from the milk group per day [3]. A cup is equal to 1 cup (8 ounces) of
milk, 1 cup of yogurt, 1.5 ounces of natural cheese (such as Cheddar), or 2 ounces of processed cheese
(such as American).

Dietary supplements

The two main forms of calcium in supplements are carbonate and citrate. Calcium carbonate is more
commonly available and is both inexpensive and convenient. Due to its dependence on stomach acid for
absorption, calcium carbonate is absorbed most efficiently when taken with food, whereas calcium citrate is
absorbed equally well when taken with or without food [4]. Calcium citrate is also useful for people with
achlorhydria, inflammatory bowel disease, or absorption disorders [1]. Other calcium forms in supplements or
fortified foods include gluconate, lactate, and phosphate. Calcium citrate malate is a well-absorbed form of
calcium found in some fortified juices [5].

Calcium supplements contain varying amounts of elemental calcium. For example, calcium carbonate is 40%
calcium by weight, whereas calcium citrate is 21% calcium. Fortunately, elemental calcium is listed in the
Supplement Facts panel, so consumers do not need to calculate the amount of calcium supplied by various
forms of calcium supplements.

The percentage of calcium absorbed depends on the total amount of elemental calcium consumed at one
time; as the amount increases, the percentage absorption decreases. Absorption is highest in doses <500
mg [1]. So, for example, one who takes 1,000 mg/day of calcium from supplements might split the dose and
take 500 mg at two separate times during the day.

Some individuals who take calcium supplements might experience gastrointestinal side effects including gas,
bloating, constipation, or a combination of these symptoms. Calcium carbonate appears to cause more of
these side effects than calcium citrate [1], so consideration of the form of calcium supplement is warranted if
these side effects are reported. Other strategies to alleviate symptoms include spreading out the calcium
dose throughout the day and/or taking the supplement with meals.

Medicines

Because of its ability to neutralize stomach acid, calcium carbonate is found in some over-the-counter
antacid products, such as Tums® and Rolaids®. Depending on its strength, each chewable pill or softchew
provides 200 to 400 mg of elemental calcium. As noted above, calcium carbonate is an acceptable form of
supplemental calcium, especially for individuals who have normal levels of stomach acid.

Calcium Intakes and Status

In the United States, estimated calcium intakes from both food and dietary supplements are provided by the
National Health and Nutrition Examination Survey (NHANES), 2003—-2006 [6]. Mean dietary calcium intakes
for males aged 1 year and older ranged from 871 to 1,266 mg/day depending on life stage group; for females
the range was 748 to 968 mg/day. Groups with mean intakes falling below their respective EAR—and thus
with a prevalence of inadequacy in excess of 50%—include boys and girls aged 9—-13 years, girls aged 14-18
years, women aged 51-70 years, and both men and women older than 70 years [1,6]. Overall, females are
less likely than males to get adequate amounts of calcium from food [7].

About 43% of the U.S. population (including almost 70% of older women) uses dietary supplements
containing calcium, increasing calcium intakes by about 330 mg/day among supplement users [1,6].
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According to NHANES 2003-2006 data, mean total calcium intakes from foods and supplements ranged from
918 to 1,296 mg/day for people aged 1 year and older [6]. When considering total calcium intakes, calcium
inadequacy remains a concern for several age groups. These include females aged 4 years and older—
particularly adolescent girls—and males aged 9 to 18 years and older than 51 years [1,8]. At the other end of
the spectrum, some older women likely exceed the UL when calcium intakes from both food and supplements
are included [1].

Not all calcium consumed is actually absorbed in the gut. Humans absorb about 30% of the calcium in foods,
but this varies depending upon the type of food consumed [1]. Other factors also affect calcium absorption
including the following:

® Amount consumed: the efficiency of absorption decreases as calcium intake increases [1].

® Age and life stage: net calcium absorption is as high as 60% in infants and young children, who need
substantial amounts of the mineral to build bone [1,9]. Absorption decreases to 15%—20% in adulthood
(though it is increased during pregnancy) and continues to decrease as people age; compared with
younger adults, recommended calcium intakes are higher for females older than 50 years and for both
males and females older than 70 years [1,9,10].

e Vitamin D intake: this nutrient, obtained from food and produced by skin when exposed to sunlight of
sufficient intensity, improves calcium absorption [1].

e Other components in food: phytic acid and oxalic acid, found naturally in some plants, bind to calcium
and can inhibit its absorption. Foods with high levels of oxalic acid include spinach, collard greens,
sweet potatoes, rhubarb, and beans. Among the foods high in phytic acid are fiber-containing
whole-grain products and wheat bran, beans, seeds, nuts, and soy isolates [1]. The extent to which
these compounds affect calcium absorption varies. Research shows, for example, that eating spinach
and milk at the same time reduces absorption of the calcium in milk [11]. In contrast, wheat products
(with the exception of wheat bran) do not appear to lower calcium absorption [12]. For people who eat a
variety of foods, these interactions probably have little or no nutritional consequence and, furthermore,
are accounted for in the overall calcium DRIs, which factor in differences in absorption of calcium in
mixed diets.

Some absorbed calcium is eliminated from the body in urine, feces, and sweat. This amount is affected by
such factors as the following:

e Sodium and protein intakes: high sodium intake increases urinary calcium excretion [13,14]. High
protein intake also increases calcium excretion and was therefore thought to negatively affect calcium
status [13,14]. However, more recent research suggests that high protein intake also increases
intestinal calcium absorption, effectively offsetting its effect on calcium excretion, so whole body
calcium retention remains unchanged [15].

o Caffeine intake: this stimulant in coffee and tea can modestly increase calcium excretion and reduce
absorption [16]. One cup of regular brewed coffee, for example, causes a loss of only 2-3 mg of
calcium [14]. Moderate caffeine consumption (1 cup of coffee or 2 cups of tea per day) in young
women has no negative effects on bone [17].

® Alcohol intake: alcohol intake can affect calcium status by reducing its absorption [18] and by inhibiting
enzymes in the liver that help convert vitamin D to its active form [19]. However, the amount of alcohol
required to affect calcium status and whether moderate alcohol consumption is helpful or harmful to
bone is unknown.

® Phosphorus intake: the effect of this mineral on calcium excretion is minimal. Several observational
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studies suggest that consumption of carbonated soft drinks with high levels of phosphate is associated
with reduced bone mass and increased fracture risk. However, the effect is probably due to replacing
milk with soda rather than the phosphorus itself [20,21].

® Fruit and vegetable intakes: metabolic acids produced by diets high in protein and cereal grains
increase calcium excretion [22]. Fruits and vegetables, when metabolized, shift the acid/base balance
of the body towards the alkaline by producing bicarbonate, which reduces calcium excretion. However,
it is unclear if consuming more fruits and vegetables affects bone mineral density. These foods, in
addition to reducing calcium excretion, could possibly reduce calcium absorption from the gut and
therefore have no net effect on calcium balance.

Calcium Deficiency

Inadequate intakes of dietary calcium from food and supplements produce no obvious symptoms in the short
term. Circulating blood levels of calcium are tightly regulated. Hypocalcemia results primarily from medical
problems or treatments, including renal failure, surgical removal of the stomach, and use of certain
medications (such as diuretics). Symptoms of hypocalcemia include numbness and tingling in the fingers,
muscle cramps, convulsions, lethargy, poor appetite, and abnormal heart rhythms [23]. If left untreated,
calcium deficiency leads to death.

Over the long term, inadequate calcium intake causes osteopenia which if untreated can lead to
osteoporosis. The risk of bone fractures also increases, especially in older individuals [1]. Calcium deficiency
can also cause rickets, though it is more commonly associated with vitamin D deficiency [1].

Groups at Risk of Calcium Inadequacy

Although frank calcium deficiency is uncommon, dietary intakes of the nutrient below recommended levels
might have negative health consequences over the long term. The following groups are among those most
likely to need extra calcium.

Postmenopausal women

Menopause leads to bone loss because decreases in estrogen production both increase bone resorption and
decrease calcium absorption [10,24,25]. Annual decreases in bone mass of 3%—5% per year frequently occur
in the first years of menopause, but the decreases are typically less than 1% per year after age 65 [26].
Increased calcium intakes during menopause do not completely offset this bone loss [27,28]. Hormone
replacement therapy (HRT) with estrogen and progesterone helps increase calcium levels and prevent
osteoporosis and fractures. Estrogen therapy restores postmenopausal bone remodeling to the same levels
as at premenopause, leading to lower rates of bone loss [24], perhaps in part by increasing calcium
absorption in the gut. Several medical groups and professional societies support the use of HRT as an option
for women who are at increased risk of osteoporosis or fractures [29-31]. Such women should discuss this
matter with their health care providers. In addition, consuming adequate amounts of calcium in the diet might
help slow the rate of bone loss in all women.

Amenorrheic women and the female athlete triad

Amenorrhea, the condition in which menstrual periods stop or fail to initiate in women of childbearing age,
results from reduced circulating estrogen levels that, in turn, have a negative effect on calcium balance.
Amenorrheic women with anorexia nervosa have decreased calcium absorption and higher urinary calcium
excretion rates, as well as a lower rate of bone formation than healthy women [32]. The “female athlete triad”
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refers to the combination of disordered eating, amenorrhea, and osteoporosis. Exercise-induced amenorrhea
generally results in decreased bone mass [33,34]. In female athletes and active women in the military, low
bone-mineral density, menstrual irregularities, certain dietary patterns, and a history of prior stress fractures
are associated with an increased risk of future stress fractures [35]. Such women should be advised to
consume adequate amounts of calcium and vitamin D. Supplements of these nutrients have been shown to
reduce the risk of stress fractures in female Navy recruits during basic training [36].

Individuals with lactose intolerance or cow’s milk allergy

Lactose intolerance refers to symptoms (such as bloating, flatulence, and diarrhea) that occur when one
consumes more lactose, the naturally occurring sugar in milk, than the enzyme lactase produced by the
small intestine can hydrolyze into its component monosaccharides, glucose and galactose [37]. The
symptoms vary, depending on the amount of lactose consumed, history of consumption of lactose-containing
foods, and type of meal. Although the prevalence of lactose intolerance is difficult to discern [38], some
reports suggest that approximately 25% of U.S. adults have a limited ability to digest lactose, including 85%
of Asians, 50% of African Americans, and 10% of Caucasians [39,40,41].

Lactose-intolerant individuals are at risk of calcium inadequacy if they avoid dairy products [1,38,39].
Research suggests that most people with lactose intolerance can consume up to 12 grams of lactose, such
as that present in 8 ounces of milk, with minimal or no symptoms, especially if consumed with other foods;
larger amounts can frequently be consumed if spread over the day and eaten with other foods [1,38,39].
Other options to reduce symptoms include eating low-lactose dairy products including aged cheeses (such
as Cheddar and Swiss), yogurt, or lactose-reduced or lactose-free milk [1,38,39]. Some studies have
examined whether it is possible to induce adaptation by consuming incremental lactose loads over a period
of time [42,43], but the evidence in support of this strategy is inconsistent [38].

Cow’s milk allergy is less common than lactose intolerance, affecting 0.6% to 0.9% of the population [44].
People with this condition are unable to consume any products containing cow’s milk proteins and are
therefore at higher risk of obtaining insufficient calcium.

To ensure adequate calcium intakes, lactose-intolerant individuals and those with cow’s milk allergy can
choose nondairy food sources of the nutrient (such as kale, bok choy, Chinese cabbage, broccoli, collards
and fortified foods) or take a calcium supplement.

Vegetarians

Vegetarians might absorb less calcium than omnivores because they consume more plant products
containing oxalic and phytic acids [1]. Lacto-ovo vegetarians (who consume eggs and dairy) and
nonvegetarians have similar calcium intakes [45,46]. However, vegans, who eat no animal products and
ovo-vegetarians (who eat eggs but no dairy products), might not obtain sufficient calcium because of their
avoidance of dairy foods [47,48]. In the Oxford cohort of the European Prospective Investigation into Cancer
and Nutrition, bone fracture risk was similar in meat eaters, fish eaters and vegetarians, but higher in vegans,
likely due to their lower mean calcium intake [49]. It is difficult to assess the impact of vegetarian diets on
calcium status because of the wide variety of eating practices and thus should be considered on a case by
case basis.

Calcium and Health

Many claims are made about calcium’s potential benefits in health promotion and disease prevention and
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treatment. This section focuses on several areas in which calcium is or might be involved: bone health and
osteoporosis; cardiovascular disease; blood pressure regulation and hypertension; cancers of the colon,
rectum, and prostate; kidney stones; and weight management.

Bone health and osteoporosis

Bones increase in size and mass during periods of growth in childhood and adolescence, reaching peak
bone mass around age 30. The greater the peak bone mass, the longer one can delay serious bone loss with
increasing age. Everyone should therefore consume adequate amounts of calcium and vitamin D throughout
childhood, adolescence, and early adulthood. Osteoporosis, a disorder characterized by porous and fragile
bones, is a serious public health problem for more than 10 million U.S. adults, 80% of whom are women.
(Another 34 million have osteopenia, or low bone mass, which precedes osteoporosis.) Osteoporosis is most
associated with fractures of the hip, vertebrae, wrist, pelvis, ribs, and other bones [50]. An estimated 1.5
million fractures occur each year in the United States due to osteoporosis [51].

When calcium intake is low or ingested calcium is poorly absorbed, bone breakdown occurs as the body
uses its stored calcium to maintain normal biological functions. Bone loss also occurs as part of the normal
aging process, particularly in postmenopausal women due to decreased amounts of estrogen. Many factors
increase the risk of developing osteoporosis, including being female, thin, inactive, or of advanced age;
smoking cigarettes; drinking excessive amounts of alcohol; and having a family history of osteoporosis [52].

Various bone mineral density (BMD) tests are available. The T-score from these tests compares an
individual’s BMD to an optimal BMD (that of a healthy 30-year old adult). A T-score of -1.0 or above indicates
normal bone density, -1.0 to -2.5 indicates low bone mass (osteopenia), and lower than -2.5 indicates
osteoporosis [53]. Although osteoporosis affects individuals of all races, ethnicities, and both genders,
women are at highest risk because their skeletons are smaller than those of men and because of the
accelerated bone loss that accompanies menopause. Regular exercise and adequate intakes of calcium and
vitamin D are critical to the development and maintenance of healthy bones throughout the life cycle. Both
weight-bearing exercises (such as walking, running, and activities where one’s feet leave and hit the ground
and work against gravity) and resistance exercises (such as calisthenics and that involve weights) support
bone health.

Supplementation with calcium plus vitamin D has been shown to be effective in reducing fractures and falls
(which can cause fractures) in institutionalized older adults [54]. However, among community-dwelling older
adults over age 50, the benefits of supplementation with these nutrients on fracture resistance are much less
clear. A recent systematic review of 26 randomized controlled trials found that calcium supplements, with or
without vitamin D, modestly but significantly reduced the risk of total and vertebral fractures, but not fractures
of the hip or forearm [55]. But the four trials with the lowest risk of bias, involving a total of 44,505 individuals,
showed no effect of supplementation on risk of fracture at any site. A related meta-analysis of calcium intake
on bone mineral density found that calcium supplementation produced only a small, initial, and
non-progressive increase in bone mineral density that was unlikely to result in a clinically significant
reduction in the risk of bone fractures [56]. The U.S. Preventive Services Task Force (USPSTF) concluded
that the current evidence is insufficient to assess the balance of benefits and harms of combined vitamin D
and calcium supplementation to prevent bone fractures in premenopausal women or in men [57]. For
non-institutionalized postmenopausal women, the USPSTF concluded that while current evidence was
insufficient to assess the balance of benefits and harms of combined supplementation with vitamin D (at
more than 400 IU/day) and calcium (at more than 1,000 mg/day) to prevent bone fractures, there was clearly
no benefit in supplementing with smaller doses of these nutrients for this purpose.
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In 1993, the U.S. Food and Drug Administration authorized a health claim related to calcium and osteoporosis
for foods and supplements [58]. In January 2010, this health claim was expanded to include vitamin D. Model
health claims include the following: “Adequate calcium throughout life, as part of a well-balanced diet, may
reduce the risk of osteoporosis” and “Adequate calcium and vitamin D as part of a healthful diet, along with
physical activity, may reduce the risk of osteoporosis in later life” [58].

Cancer of the colon and rectum

Data from observational and experimental studies on the potential role of calcium in preventing colorectal
cancer, though somewhat inconsistent, are highly suggestive of a protective effect [1]. Several studies have
found that higher intakes of calcium from foods (low-fat dairy sources) and/or supplements are associated
with a decreased risk of colon cancer [59-62]. In a follow-up study to the Calcium Polyp Prevention Study,
supplementation with calcium carbonate led to reductions in the risk of adenoma (a nonmalignant tumor) in
the colon, a precursor to cancer [63,64], even as long as 5 years after the subjects stopped taking the
supplement [65]. In two large prospective epidemiological trials, men and women who consumed 700-800
mg per day of calcium had a 40%—50% lower risk of developing left-side colon cancer [66]. But other
observational studies have found the associations to be inconclusive [62,67,68].

In the Women’s Health Initiative, a clinical trial involving 36,282 postmenopausal women, daily
supplementation with 1,000 mg of calcium and 400 International Units (IU) of vitamin D5 for 7 years produced
no significant differences in the risk of invasive colorectal cancer compared to placebo [69]. The authors of a
Cochrane systematic review concluded that calcium supplementation might moderately help prevent
colorectal adenomas, but there is not enough evidence to recommend routine use of calcium supplements to
prevent colorectal cancer [70]. Given the long latency period for colon cancer development, long-term studies
are needed to fully understand whether calcium intakes affect colorectal cancer risk.

Cancer of the prostate

Several epidemiological studies have found an association between high intakes of calcium, dairy foods or
both and an increased risk of developing prostate cancer [71-77]. However, others have found only a weak
relationship, no relationship, or a negative association between calcium intake and prostate cancer risk
[78-81]. The authors of a meta-analysis of prospective studies concluded that high intakes of dairy products
and calcium might slightly increase prostate cancer risk [82].

Interpretation of the available evidence is complicated by the difficulty in separating the effects of dairy
products from that of calcium. But overall, results from observational studies suggest that total calcium
intakes >1,500 mg/day or >2,000 mg/day may be associated with increased prostate cancer risk (particularly
advanced and metastatic cancer) compared with lower amounts of calcium (500-1,000 mg/day [1,83].
Additional research is needed to clarify the effects of calcium and/or dairy products on prostate cancer risk
and elucidate potential biological mechanisms.

Cardiovascular disease

Calcium has been proposed to help reduce cardiovascular disease (CVD) risk by decreasing intestinal
absorption of lipids, increasing lipid excretion, lowering cholesterol levels in the blood, and promoting calcium
influx into cells [1]. However, data from prospective studies of calcium’s effects on CVD risk are inconsistent,
and whether dietary calcium has different effects on the cardiovascular system than supplemental calcium is
not clear. In the lowa Women'’s Health Study, higher calcium intake from diet and/or supplements was
associated with reduced ischemic heart disease mortality in postmenopausal women [84]. Conversely, in a
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cohort of older Swedish women, both total and dietary calcium intakes of 1,400 mg/day and higher were
associated with higher rates of death from CVD and ischemic heart disease than intakes of 600—1,000
mg/day [85]. Other prospective studies have shown no significant associations between calcium intake and
cardiac events or cardiovascular mortality [83]. Data for stroke are mixed, with some studies linking higher
calcium intakes to lower risk of stroke, and others finding no associations or trends in the opposite direction
[83,85].

Several studies have raised concerns that calcium from supplements might increase the risk of CVD,
including myocardial infarction and coronary heart disease [86-89]. For example, Xiao and colleagues
reported that men who took more than 1,000 mg/day supplemental calcium had a 20% higher risk of total
CVD death than men who did not take supplemental calcium, but supplemental calcium intake in women was
unrelated to CVD mortality [90]. A reanalysis of data from the Women’s Health Initiative (WHI) found that
calcium supplements (1,000 mg/day) taken with or without vitamin D (400 IU/day) increased the risk of
cardiovascular events in women who were not taking calcium supplements when they entered the study [91].
While there is no established biological mechanism to support an association between calcium and CVD,
some scientists hypothesize that excessively high calcium intakes from supplements might override normal
homeostatic controls of serum calcium levels and produce a temporary hypercalcemia [85,91,92].
Hypercalcemia is associated with increased blood coagulation, vascular calcification, and arterial stiffness,
all of which raise CVD risk [90,91,93,94].

Many scientists question the strength of the available evidence linking supplemental calcium intake with CVD
risk, noting that no clinical trials were designed primarily to evaluate this potential relationship, so
researchers have only considered CVD outcomes in secondary analyses of trial data [93,95,96]. Based on a
2016 systematic review and meta-analysis of 4 randomized trials and 27 observational studies [97], the
American Society for Preventive Cardiology and the National Osteoporosis Foundation concluded that there
is “moderate-quality evidence” that calcium with or without vitamin D (from supplements or foods) “has no
relationship (beneficial or harmful) with the risk for cardiovascular and cerebrovascular disease, mortality, or
all-cause mortality in generally healthy adults” [92]. They added that based on the evidence to date, “calcium
intake from food and supplements that does not exceed the [UL] should be considered safe from a
cardiovascular standpoint.”

Blood pressure and hypertension

Several clinical trials have demonstrated a relationship between increased calcium intakes and both lower
blood pressure and risk of hypertension [98-100], although the reductions are inconsistent. In the Women'’s
Health Study, calcium intake was inversely associated with risk of hypertension in middle-aged and older
women [101]. However, other studies have found no association between calcium intake and incidence of
hypertension [83]. The authors of a systematic review of the effects of calcium supplements for hypertension
found any link to be weak at best, largely due to the poor quality of most studies and differences in
methodologies [102].

Calcium’s effects on blood pressure might depend upon the population being studied. In hypertensive
subjects, calcium supplementation appears to lower systolic blood pressure by 2—4 mmHg, whereas in
normotensive subjects, calcium appears to have no significant effect on systolic or diastolic blood pressure
[83].

Other observational and experimental studies suggest that individuals who eat a vegetarian diet high in
minerals (such as calcium, magnesium, and potassium) and fiber and low in fat tend to have lower blood
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pressure [48,103-106]. The Dietary Approaches to Stop Hypertension (DASH) study was conducted to test
the effects of three different eating patterns on blood pressure: a control “typical” American diet; one high in
fruits and vegetables; and a third diet high in fruits, vegetables, and low-fat dairy products. The diet
containing dairy products resulted in the greatest decrease in blood pressure [107], although the contribution
of calcium to this effect was not evaluated. Additional information and sample DASH menu plans are
available on the National Heart, Lung, and Blood Institute Web site &'.

Preeclampsia

Preeclampsia is a serious medical condition in which a pregnant woman develops hypertension and
proteinuria, usually after 20 weeks’ gestation [108]. It is a leading cause of maternal and neonatal morbidity
and mortality, affecting about 5-8% of pregnancies in the United States and up to 14% of pregnancies
worldwide [108,109].

Studies suggest that calcium supplementation during pregnancy reduces the risk of preeclampsia, but the
benefits may apply only to populations with inadequate calcium intakes [109,110]. For example, in a
randomized clinical trial among 524 healthy women in India with mean baseline calcium intakes of only 314
mg/day, daily supplementation with 2,000 mg calcium starting between 12 and 25 weeks’ gestation and
continuing until delivery significantly reduced the risk of preeclampsia, as well as preterm birth, compared to
placebo [111]. Conversely, in a randomized trial of 4,589 healthy women in the United States, daily
supplementation with 2,000 mg calcium from 13-21 weeks’ gestation through the remainder of pregnancy did
not reduce the incidence of preeclampsia, pregnancy-induced hypertension, or other adverse perinatal
outcomes compared to placebo [112]. The mean baseline calcium intake among these women, however, was
about 1,100 mg/day. The authors of a 2014 Cochrane review of 13 clinical trials concluded that daily
supplementation with 1,000 mg or more of calcium during pregnancy reduced the risk of preeclampsia by
55% [113]. The reduction in risk was greatest for women at high risk of preeclampsia and those with low
baseline calcium intakes (less than about 900 mg/day). For women with higher dietary calcium intakes,
however, the reduction in preeclampsia risk was not statistically significant.

Several professional organizations recommend calcium supplements during pregnancy for women with low
calcium intakes to reduce the risk of preeclampsia. For example, the American College of Obstetrics and
Gynecology (ACOG) states that daily supplementation with 1,500-2,000 mg calcium may reduce the severity
of preeclampsia in pregnant women who have calcium intakes less than 600 mg/day [109]. Similarly, the
World Health Organization (WHO) recommends 1,500—2,000 mg calcium for pregnant women with low dietary
calcium intakes, particularly those at higher risk of gestational hypertension [110]. The WHO recommends
dividing the total daily dose into three doses, preferably to be taken at mealtimes, and taking the
supplements from 20 weeks’ gestation until delivery. The WHO also recommends separating calcium and
prenatal iron supplements by several hours to minimize the inhibitory effects of calcium on iron absorption.
But some researchers argue that this interaction has minimal clinical significance and suggest that providers
not counsel patients to separate the supplements to simplify the supplement regimen and facilitate
adherence [114]. The Canadian Hypertensive Disorders of Pregnancy Working Group [115], the International
Society for the Study of Hypertension in Pregnancy [116], and the Society of Obstetric Medicine of Australia
and New Zealand [117] have all issued similar recommendations to ACOG and the WHO.

Kidney stones

Kidney stones in the urinary tract are most commonly composed of calcium oxalate. Some, but not all,
studies suggest a positive association between supplemental calcium intake and the risk of kidney stones,
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and these findings were used as the basis for setting the calcium UL in adults [1]. In the Women’s Health
Initiative, postmenopausal women who consumed 1,000 mg of supplemental calcium and 400 IU of vitamin D
per day for 7 years had a 17% higher risk of kidney stones than subjects taking a placebo [118]. The Nurses’
Health Study also showed a positive association between supplemental calcium intake and kidney stone
formation [117]. High intakes of dietary calcium, on the other hand, do not appear to cause kidney stones and
may actually protect against developing them [1,119-122]. For most individuals, other risk factors for kidney
stones, such as high intakes of oxalates from food and low intakes of fluid, probably play a bigger role than
calcium intake [123].

Weight management

Several studies have linked higher calcium intakes to lower body weight or less weight gain over time
[124-127]. Two explanations have been proposed. First, high calcium intakes might reduce calcium
concentrations in fat cells by decreasing the production of parathyroid hormone and the active form of vitamin
D. Decreased intracellular calcium concentrations in turn increase fat breakdown and discourage fat
accumulation in these cells [126]. Secondly, calcium from food or supplements might bind to small amounts
of dietary fat in the digestive tract and prevent its absorption [126,128,129]. Dairy products, in particular,
might contain additional components that have even greater effects on body weight than their calcium
content alone would suggest [127,130-134].

Despite these findings, the results from clinical trials have been largely negative. For example, dietary
supplementation with 1,500 mg/day of calcium (from calcium carbonate) for 2 years was found to have no
clinically significant effects on weight in 340 overweight and obese adults as compared with placebo [133].
Three reviews of published studies on calcium from supplements or dairy products on weight management
came to similar conclusions [83,136,137]. A meta-analysis of 13 randomized controlled trials published in
2006 concluded that neither calcium supplementation nor increased dairy product consumption had a
statistically significant effect on weight reduction [136]. More recently, a 2009 evidence report from the
Agency for Healthcare Research and Quality concluded that, overall, clinical trial results do not support an
effect of calcium supplementation on weight loss [83]. Also, a 2012 meta-analysis of 29 randomized
controlled trials found no benefit of an increased consumption of dairy products on body weight and fat loss
in long-term studies [137]. Overall, the results from clinical trials do not support a link between higher calcium
intakes and lower body weight or weight loss.

For additional information on calcium and weight management, see our health professional fact sheet on
Weight Loss.

Health Risks from Excessive Calcium

Excessively high levels of calcium in the blood known as hypercalcemia can cause renal insufficiency,
vascular and soft tissue calcification, hypercalciuria (high levels of calcium in the urine) and kidney stones
[1]. Although very high calcium intakes have the potential to cause hypercalcemia [85], it is most commonly
associated with primary hyperparathyroidism or malignancy [1].

High calcium intake can cause constipation. It might also interfere with the absorption of iron and zinc,
though this effect is not well established [1]. High intake of calcium from supplements, but not foods, has
been associated with increased risk of kidney stones [1,116,117]. Some evidence links higher calcium intake
with increased risk of prostate cancer, but this effect is not well understood, in part because it is challenging
to separate the potential effect of dairy products from that of calcium [1]. Some studies also link high calcium
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intake, particularly from supplements, with increased risk of cardiovascular disease [85-88,90,91].

The Tolerable Upper Intake Levels (ULs) for calcium established by the Food and Nutrition Board are listed in
Table 3 in milligrams (mg) per day. Getting too much calcium from foods is rare; excess intakes are more
likely to be caused by the use of calcium supplements. NHANES data from 2003-2006 indicate that
approximately 5% of women older than 50 years have estimated total calcium intakes (from foods and
supplements) that exceed the UL by about 300-365 mg [1,6].

Table 3: Tolerable Upper Intake Levels (ULs) for
Calcium [1]

Age Male Female Pregnant Lactating
0-6 months 1,000 mg 1,000 mg

7-12 months 1,500 mg 1,500 mg

1-8 years 2,500 mg 2,500 mg

9-18 years 3,000 mg 3,000 mg 3,000 mg 3,000 mg
19-50 years 2,500 mg 2,500 mg 2,500 mg 2,500 mg
51+ years 2,000 mg 2,000 mg

Interactions with Medications

Calcium supplements have the potential to interact with several types of medications. This section provides a
few examples. Individuals taking these medications on a regular basis should discuss their calcium intake
with their healthcare providers.

Calcium can decrease absorption of the following drugs when taken together: biphosphonates (to treat
osteoporosis), the fluoroquinolone and tetracycline classes of antibiotics, levothyroxine, phenytoin (an
anticonvulsant), and tiludronate disodium (to treat Paget’s disease) [138-140].

Thiazide-type diuretics can interact with calcium carbonate and vitamin D supplements, increasing the risks
of hypercalcemia and hypercalciuria [139].

Both aluminum- and magnesium-containing antacids increase urinary calcium excretion. Mineral oil and
stimulant laxatives decrease calcium absorption. Glucocorticoids, such as prednisone, can cause calcium
depletion and eventually osteoporosis when they are used for months [139].

Calcium and Healthful Diets

The federal government’s 2015-2020 Dietary Guidelines for Americans notes that “Nutritional needs should
be met primarily from foods. ... Foods in nutrient-dense forms contain essential vitamins and minerals and
also dietary fiber and other naturally occurring substances that may have positive health effects. In some
cases, fortified foods and dietary supplements may be useful in providing one or more nutrients that
otherwise may be consumed in less-than-recommended amounts.”

For more information about building a healthy diet, refer to the Dietary Guidelines for Americans & and the
U.S. Department of Agriculture’s MyPlate &,

The Dietary Guidelines for Americans describes a healthy eating pattern as one that:

® Includes a variety of vegetables, fruits, whole grains, fat-free or low-fat milk and milk products, and oils.
Many dairy products, such as milk, cheese, and yogurt, are rich sources of calcium. Some
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vegetables provide significant amounts of calcium, as do some fortified cereals and juices.

® Includes a variety of protein foods, including seafood, lean meats and poultry, eggs, legumes (beans

and peas), nuts, seeds, and soy products.
Tofu made with calcium salts is a good source of calcium (check the label), as are canned
sardines and canned salmon with edible bones.

® Limits saturated and trans fats, added sugars, and sodium.

Low-fat and nonfat dairy products provide amounts of calcium that are roughly similar to the
amounts in their full-fat versions.

e Stays within your daily calorie needs.
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Disclaimer

This fact sheet by the Office of Dietary Supplements provides information that should not take the place of
medical advice. We encourage you to talk to your healthcare providers (doctor, registered dietitian,
pharmacist, etc.) about your interest in, questions about, or use of dietary supplements and what may be best
for your overall health. Any mention in this publication of a specific brand name is not an endorsement of the
product.
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Tab C

Calcium and CVD - summary of clinical trials and meta-analysis published subsequent to the IOM 2011 report

Study Design

| Population

| Findings

| Considerations

| Citation

Meta-analyses

18 randomized placebo-
controlled trials (1966 —
May 24, 2013, with study
duration >1y and calcium
dose >0.5g

63,564 post-menopausal
women, mean cohort age
>50y

CHD: 48,460 participants
(5 trials), 3390 CHD events
All-cause mortality:
62,383 participants (17
trials, 4157 deaths

MI: 51,111 participants (7
trials), 1123 events
Angina pectoris with
acute coronary syndrome:
48,033 participants (4
trials), 876 events

Chronic CHD: 48,033
participants (4 trials),
1506 events

e No statistically
significant increase in
risk of CHD events
(pooled RR =1.02; 95%
Cl: 0.96-1.09) from 5
trials

e No statistically
significant increase in
risk of all-cause
mortality (pooled RR =
0.96; 95% Cl: 0.91-
1.02) from 17 trials

e No statistically
significant increase in
risk of angina pectoris
with acute coronary
syndrome (RR = 1.09;
95% Cl: 0.95 — 1.24)
from 4 trials

e No statistically
significant increase in
risk of chronic CHD (RR
=0.92; 95% ClI: 0.73 -
1.15) from 4 trials

® Heterogeneity among
trials was low for CHD
events and all-cause
mortality (12 = 0%)

e Total dietary intake of
calcium was not
measured

e WHI study heavily
weighted in analyses

® Qutcomes in the RCTs
included in meta-
analysis were not the
primary outcomes

®  Only outcomes
verified by clinical
review, discharge
record, or death
certificate included

Lewis et al., 2015

Randomized, double-
blind, placebo controlled
trials (1966 March 2010)
with a study duration > 1y

Studies with 100 or more
male and female
participants of mean age
> 40y

Updated Bolland et
al.,2010 meta-analysis
with the restricted

® |Increased risk of Ml
among calcium/vit D
supplementation
group (RR =1.24; 95%
Cl: 1.07-1.45) and
MI/stroke (RR = 1.15;
95% Cl: 1.03 -1.27)

e CVD outcomes in the
RCTs included in
meta-analysis were
not the primary
outcomes

e CVD outcomes are
based on self-report

Bolland et al., 2011a
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analysis of the WHI CaD
study among women not
reporting use of calcium
supplements at
randomization

28,072 participants from 8
trials of calcium
supplements

events and were not
adjudicated

Totally dietary intake
of calcium is not
measured

WHI study heavily
weighted in analyses
Low CVD event
frequency

Lack of ability to
control for important
confounding factors
including renal failure
and several known
CVD risk factors

This analysis is an
update of the 2010
meta-analysis
(Bolland et al., 2010)
and has the same
limitations described
in the IOM 2011
report

Randomized, double-
blind, placebo controlled
trials (1966 March 2010)
with a study duration > 1y

Studies with 100 or more
male and female
participants of mean age
> 40y

15 trials included in

analysis
e 5 with patient
level data

e 11 with trial-level
data
Patient-level analysis:
increased risk of Ml in
those allocated to
calcium (HR = 1.31;
95% Cl: 1.02 — 1.67);
no increased risk of

CVD outcomes in the
RCTs included in
meta-analysis were
not the primary
outcomes

CVD outcomes are
based on self-report
events and were not
adjudicated

Totally dietary intake
of calcium is not
measured

Bolland et al., 2010
(Included in IOM review
but summarized here)




stroke,
MI/stroke/sudden
death or death
Trial-level analysis:
increased incidence of
Ml in those allocated
to calcium (pooled
relative risk = 1.27;
95% Cl: 1.01 - 1.59)

WHI study heavily
weighted in analyses
Low CVD event
frequency

Lack of ability to
control for important
confounding factors
including renal failure
and several known
CVD risk factors
Findings from this
study provide no new
information as this
analysis was reviewed
by the IOM as part of
setting the current
ULs

Analysis of WHI

Randomized, double-blind
placebo-controlled trial
(secondary analysis of
WHI randomized trial)

25,983 women from WHlI,
age 50-79 y, with 744
adjudicated incident heart
failure (HF) cases
Supplemented with 1000
mg/day calcium with 400
IU/day vitamin D

No increase in risk of
HF with calcium
supplementation (HR
=0.95; 95% Cl: 0.82 —
1.09)

Baseline risk factors
affected HR risk; low
risk (HR = 0.63; 95%
Cl: 0.46 — 0.87), high
risk (HR = 1.06; 95%
Cl:0.90-1.24)

Donneyong et al., 2015

Randomized, blinded,
placebo-controlled trial —
post intervention analysis
(WHI: Women’s Health
Initiative)

36,282 post-menopausal
women ages 50-79 y;
subjects consumed
placebo or 400 IU vitamin
D; with 1000 mg calcium
carbonate daily for an

The post-intervention
period showed similar
effects as the
intervention period
Overall HRs among

No control group as
all subjects took
calcium supplement
with vitamin D; can’t
isolate effects of
supplemental calcium

Cauley et al., 2013




average of 7 y; 29,868
(86%) women included in
post-intervention follow-

up (4.9y)

women who received
CaD supplements
were not significantly
increased for overall
CHD (HR =1.03; 95%
Cl: 0.94—1.13), CHD
deaths (HR = 0.99;
95% Cl: 0.84 — 1.18),
clinical MI (HR = 1.03;
95% Cl: 0.92 — 1.15),
stroke (HR = 1.04;
95% Cl: 0.93 - 1.16)
and CVD deaths (HR =
1.03;95% Cl: 0.92 —
1.17)

Findings similar
among both women
who reported taking
supplements at
baseline and those
who did not

Population of older
women; findings may
not be generalizable
to the total
population

CVD outcomes were
not the primary
outcomes

CVD outcomes are
based on self-report
events and were not
adjudicated

Total dietary intake of
calcium is not
measured

Low CVD event
frequency

Randomized, blinded,
placebo-controlled trial
(WHI: Women’s Health
Initiative)

36,282 post-menopausal
women ages 50-79 y;
subjects consumed
placebo or 400 IU vitamin
D; with 1000 mg calcium
carbonate daily for an
average of 7y

No association
between calcium
supplementation and
CVD events among all
study subjects or
among study subjects
with no reported
personal use of
supplements at
randomization
Hazard ratios ranged
from 1.00 (95% Cl:
0.86 —1.18) for all
heart disease to 1.18

No control group as
all subjects took
calcium supplement
with vitamin D; can’t
isolate effects of
supplemental calcium
Population of older
women; findings may
not be generalizable
to the total
population

CVD outcomes were
not the primary
outcomes




(95% Cl: 0.88 —1.59)
for Mls among
women with no
reported use of
supplements at
randomization

Analysis accounts for
duration of
supplement use

Low CVD event
frequency

Lack of ability to
control for important
confounding factors
including renal failure
and several known
CVD risk factors

Randomized, blinded,
placebo-controlled trial
(WHI: Women's Health
Initiative)

36,282 post-menopausal
women ages 50-79 y;
subjects consumed
placebo or 400 U vitamin
D; with 1000 mg calcium
carbonate daily for an
averageof 7y

Interaction observed
between personal
supplement use at
enrollment and
allocated calcium and
vitamin D for CVD
events

Among the 16,718
women (46%) not
taking personal
calcium supplements
at randomization,
borderline significant
increase in risk for Ml
(HR=1.22; 95% ClI:
1.00 - 1.50)

Among women taking
personal calcium
supplements, no
increased risk
observed

No control group as
all subjects took
calcium supplement
with vitamin D; can’t
isolate effects of
supplemental calcium
Population of older
women; findings may
not be generalizable
to the total
population

CVD outcomes were
not the primary
outcomes

CVD outcomes are
based on self-report
events and were not
adjudicated

Total dietary intake of
calcium is not
measured

Low CVD event
frequency

Bolland et al., 2011a




Other Clinical Trials

Randomized, placebo-
controlled trial

100 post-menopausal
New Zealand women with
1 g calcium/day (3
months)

Systolic blood
pressure (BP)
significantly lower at
2,4, 6, and 8 hours
post initial treatment
in all groups

Smaller reduction in
BP for Ca group
compared to placebo
(Systolic BP at 2, 4,
and 6 hours; diastolic
BP at 2 h)

No significant
difference in change
in BP from baseline to
3 months

No difference in BP
between groups at 3
months

BP was not the
primary outcome
Total dietary intake of
calcium is not
measured

Type of calcium
supplement varied
among the treatment
groups (citrate,
carbonate, two
preparations of
microcrystalline
hydroxyapatite
Population of older
women; findings may
not be generalizable
to the total
population

Small control group
(N=20)

Bristow et al., 2016

Randomized, double-blind
placebo-controlled trial
(Calcium Intake Fracture
Outcome Study (CAIFOS))
5y trial; 4.5 y follow-up

1460 Australian women
aged 75 + 2.7 y at baseline
(1998)

Supplemented with 1200
mg/day of calcium
carbonate daily or
placebo

No increased risk of
death or first-time
hospitalization from
atherosclerotic
vascular disease (HR =
0.938; 95% Cl: 0.690 —
1.275) during RCT
Similar null findings
during 9.5 y of
observational study
(HR =0.919; 95% ClI:
0.737 - 1.146)

Adjustment for many
CVD risk factors
included in analysis
Outcomes were based
on verified
hospitalization and
death registries
Potential lower
bioavailability of
calcium from calcium
carbonate however
this is not well-
established

Lewis et al., 2011




Randomized, placebo-
controlled trial

1471 post-menopausal
women supplemented
with 1 g calcium/day (5 y)
323 men40y
supplemented with
calcium at 600 or 1200

mg/day (2'y)

® Dietaryor
supplemental calcium
intake was not
associated with
abdominal aortic
calcification (AAC)
changes; calcium
supplementation also
was not related to
coronary artery
calcification (CAC)
scores in men

Wang et al., 2010

Calcium and CVD - summary of observation studies and meta-analysis published subsequent to the IOM 2011 report

Study Design

Population

| Findings

| Considerations | Citation

Meta-analysis

11 prospective
studies (12
independent
cohorts) (1950 —
Dec. 30, 2013)

757,304 male and female )
participants, 4+vy

CVD mortality: 704,499
participants (9 studies),
>21,457 deaths
All-cause mortality: 225,189 | e
participants (6 studies),
>21,055 deaths

For risk of CVD mortality,
pooled RR =0.97 (95% Cl: 0.89
—1.07) when comparing
“highest” and “lowest” dietary
calcium intake

For all-cause mortality, RR =
0.83 (95% Cl: 0.70 — 1.00) when
comparing “highest” and
“lowest” dietary calcium intake
In dose-response analysis,
nonlinear association between
dietary calcium intake and risk
of CVD mortality observed (p <
0.01 for non-linearity); when
compared to individuals with
calcium intakes of 800 mg/d,
significantly increased risk of

Study did not find statistically
significant association between
calcium intake and CVD mortality
based on pooled RR across nine
studies

The mathematically derived non-
linear dose response model needs
further explanation regarding the
selection of the number of knots to
determine the reference point. This
coupling with the limitation of
exposure information inherent with
observational studies, as
acknowledged by study authors, the
dose response data from this
analysis would need to be subject to
further assessment and validation

Wang et al.,, 2014




CVD mortality with 1200
mg/day calcium intakes (RR =
1.05 (95% Cl: 1.01 - 1.09) and
calcium intakes of 1400 mg/day
RR =1.10 (95% CI: 1.02—- 1.18)
In a dose-response analysis,
nonlinear association between
dietary calcium intake and risk
of mortality from all causes
observed (p<0.01 for non-
linearity) when compared with
the reference intake of 900
mg/day, lower intake was
associated with increased risk
for all-cause mortality while
there was no reduction in risk
at intakes above 900 mg/day
No statistically significant
association between
supplemental calcium and CVD
mortality (6 studies; RR = 0.96;
95% Cl: 0.82 — 1.13)

Cohort studies with findings of no or inverse association

Prospective
cohort; 24y
follow-up

74,245 female registered
nurses (30-55 y) free of CVD
and cancer at baseline

Dietary and supplemental
calcium intake measured
through a semi-quantitative
food frequency questionnaire
Calcium intake not associated
with increased incidence of
fatal or non-fatal MI (RR >1000 s
omg/day = 0.71; 95% Cl: 0.61 —
0.83) or stoke (RR >1000 vs 0 mg/day
=1.03;95% Cl: 0.87 — 1.21)

® Multivariate models adjusted
for dietary factors and known
health behaviors that may
confound this relationship

® lLarge number of events and
long follow-up with repeated
measure of Ca intake

e Study population is female and
predominantly white — not
generalizable to men and/or
other races/ethnicities

Conclusion: this study provides no

Paik et al., 2014




new adverse associations to call the
current calcium UL into question

Prospective
cohort

46.892 postmenopausal
women in the same
catchment area as the WHI
clinical trial

No association between
calcium intake
supplementation and CVD
events

e CVD outcomes were not the
primary outcomes

® Analysis accounts for duration of
supplement use

Prentice et al.,
2013

Prospective
(Framingham
Offspring Study)

669 women; 532 men (age =
60 y; range: 36-83 y);
baseline clinic visit in 1998-
2001; CT exam in 2002-2005

Total (diet + supplements)
calcium intake:
o 1185+ 565 mg/day
(women)
o 891 +461 mg/day (men)
Inverse association between
mean age-adjusted coronary
artery-calcification Agatston
score and total calcium intake
Results were similar for dietary
calcium and calcium
supplement use

® Measured total calcium intake
e Adjusted for several known CVD
risk factors

Samelson et al.,
2012

Prospective
(MIDSPAN Family
Study); 14.4y
median follow-up

1040 men and 1298 women
from the West of Scotland
recruited in 1996; age 45-64

y

No association between
albumin-corrected serum
calcium levels and CVD events
(ICD-10 100-199 coded on
death certificate or discharge
record)

Welsh et al., 2012

Cohort studies with some findings of an associatio

S

Prospective
longitudinal
cohort; 19y
median follow-up

Swedish mammography
cohort, population-based
(1987-90); 61,433 women
(born 1914-1948)

No association between
calcium tablet use (500 mg
calcium per tablet) and all
cause or cause specific
mortality

Dietary calcium intake > 1400
mg/day among calcium tablet
users was associated with
increased risk of mortality (HR

¢ Dietary calcium intake based on
food frequency questionnaires
with standard portion sizes, not
measured portion sizes, which
tend to overestimate intake

e Results from this observational
study are not consistent with
other cohort analyses nor are
they confirmed by clinical trials

Michaelsson et
al., 2013




=2.57,95% Cl: 1.19 — 5.55)

Prospective
analysis using
NHANES IlI
mortality linkage
follow-up

US population 17+ vy eligible
for mortality follow-up and
free from history of heart
disease (N = 18,714)

~10% of population died of
cardiovascular disease (N =
1870); majority were ischemic
heart disease (IHD;5.4%)
Increased risk of IHD death
among women with serum
calcium levels in top 5%
compared to those in the mid
90% (HR =1.72; 95% Cl: 1.13 -
2.61)

Among men, low serum
calcium was related to
increased IHD mortality (HR =
2.32;95% Cl: 1.14 - 3.01)

No associations observed with
dietary or supplemental
calcium intake

Adjusted for many dietary and
known risk factors for CVD
Dietary calcium assessed using a
24-hour diary which may not
reflect long-term intake
Supplement intake is self-
reported but NHANES records
the supplement name directly
from the label

Van Hemelrijk et
al., 2013

Prospective
cohort (National
Institutes of
Health (NIH) —
AARP Diet and
Healthy Study);
12 y follow-up

388,229 men and women in
the US aged 50-71y

7904 CVD deaths in men; 3874
CVD deaths in women
Calcium-containing supplement
use was 51% and 70% in men
and women, respectively

In men, supplemental calcium
intake was associated with CVD
mortality (RR >1000 vs 0 mg/day =
1.20; 95% Cl: 1.05 - 1.36),
heart disease mortality (RR =
1.19; 95% Cl: 1.03 — 1.37), but
not cerebrovascular disease
mortality (RR = 1.14; 95% Cl:
0.81-1.61)

No association between
calcium supplements and CVD
events in women

Adjusted for dietary variables
No data on duration of
supplement use

Incomplete adjustment for
other CVD risk factors including
nutrients

Xiao et al., 2013




Prospective
cohort (European
Prospective
Investigation into
Cancer and
Nutrition Study
(EPIC) —
Heidelberg); 11y
follow-up

23,980 German participants
in the EPIC study, aged 35-64
y CVD-free at recruitment

354 Mls; 260 stroke cases; 267
CVD deaths

Significant reduction in Ml risk
among the third quartile of
total dietary calcium intake
compared to the lowest (HR =
0.69; 95% Cl: 0.50 — 0.94)

No association with stroke and
CVD mortality

Increased risk of Ml in users of
calcium supplements compared
to non-users (HR = 1.86; 95%
Cl:1.17-2.96)

Larger risk observed among
calcium supplement only users
(HR=2.39;95% Cl: 1.12 - 5.12)

Dose of calcium supplements
unknown

Close to half of supplement
users (44.5%) did not report
name of supplement;
prevalence of calcium
supplement use is lower than
observed in a German elderly
population or that observed in
the US

Lietal., 2012

Cross-sectional studies with findings of no association

Cross-sectional

23,652 Korean men and
women, asymptomatic for
CVD, without kidney disease,
with mean age 40.8 y

Comparing the highest (> 478.2
mg/day) and lowest (< 221.8
mg/day) quartiles of dietary
calcium intake, tomographic
score ratios of coronary artery
calcification (CAC), a risk factor
for CVD, were not associated
with dietary calcium intake
(0.84; 95% Cl: 0.58 — 1.20)
Comparing the highest (> 9.7
mg/dL) and lowest (< 9.3
mg/dL) quartiles of serum,
serum calcium levels were
positively associated with CAC
score ratios; no association was
described as to the relationship
of serum calcium to estimated
calcium intake

Details of supplement use were
not described

Relationship of serum calcium to
calcium intake not described
Concurrent assessment of intake
and risk

Kwak et al., 2014




Cross-sectional
(Diabetes Heart
Study)

720 male and female type 2
diabetes (T2D) enrolled in
Diabetes Heart Study

No significant association of
dietary calcium or supplements
with measures of vascular
plaques in men or women

No significant association of
dietary calcium intake with all-
cause or CVD mortality risk in
men and women; no significant
association of supplemental
calcium with CVD mortality risk
in men and women or all-cause
mortality in men

For women, HR = 0.62 (95% Cl:
0.42 —0.92) for all-cause
mortality associated with
supplemental calcium use
when comparing the highest
and lowest intakes (> 500
mg/day compared to 0 mg/day)

Quintiles of energy-adjusted
total calcium intake (dietary and
supplement) utilized for analysis
Concurrent assessment of
calcium intake and risk

Raffield et al.,
2014

Cross-sectional studies with findings of an association

Cross-sectional

197 male and female type 2
diabetes (T2D), age > 65y

Patients whose dietary calcium
intake was high (>600 mg/day)
or low (<402 mg/day) had
higher C-reactive protein (CRP)
levels, an emerging biomarker
for CVD risk, than those with
moderate (402 — 600 mg/day)
calcium intake (moderate vs
high, p<0.05)

CVD risk, CVD mortality, or all-
cause mortality were not
primary outcomes

Publication does not mention
supplement use of
inclusion/exclusion of patients
utilizing calcium supplements
Concurrent assessment of intake
and risk

Huang et al., 2014

Cross-sectional
analysis of a
prospective
cohort (J-MICC
cohort)

535 men with dietary
calcium intake data, 35-69y,
in cohort from Tokushima
Prefecture, Japan

When comparing the highest
(>497.3 mg/day) and lowest (<
351.8 mg/day) quartiles of
dietary calcium intake,
measurements of branchial-
ankle pulse wave velocity, a

Exclusion or inclusion of subjects
based on supplement use was
not described

Uemura et al.,
2014




measure of arterial stiffness,
were significantly inversely

associated with dietary calcium

intake (p for trend = 0.02)

Calcium and Other Outcomes — Summary of published subsequent to the IOM review of calcium

Study Design | Population | Findings | Considerations | Citation
Clinical Trials

Randomized, 36,282 post-menopausal The post-intervention period No control group as all subjects took | Cauley et al.,
blinded, placebo- | women ages 50-79y; showed similar effects as the calcium supplement with vitamin D; 2013

controlled trial —
Post intervention
analysis (WHI:
Women’s Health
Initiative)

subjects consumed
placebo or 400 IU vitamin
D; with 1000 mg calcium
carbonate daily for an
average of 7 y; 29,868
(86%) women included in
post-intervention follow-

up (4.9y)

intervention period

No significant difference
between the CaD
supplement and placebo
group in incidence of
colorectal cancer (HR = 0.95;
95% Cl: 0.80 — 1.13), invasive
breast cancer (HR = 1.04;
95% Cl: 0.94 — 1.14), and all-
cause mortality (HR = 0.96;
95% Cl: 0.90 — 1.03),

can’t isolate effects of supplemental
calcium

Population of older women; findings
may not be generalizable to the total
population

Cancer/mortality outcomes were not
the primary outcomes

Outcomes are based on self-report
events and were not adjudicated
Total dietary intake of calcium is not
measured

Randomized,
blinded, placebo-
controlled trial
(WHI: Women'’s
Health Initiative)

36,282 post-menopausal
women ages 50-79 y;
subjects consumed
placebo or 400 IU vitamin
D; with 1000 mg calcium
carbonate daily for an
averageof 7y

Among the 16,718 women
(46%) not taking personal
calcium supplements at
randomization, significant
reductions observed for total
cancer, total breast cancer
and invasive breast cancer
(HRs ranging from 0.80 —
0.86)

In women taking personal
calcium or vitamin D
supplements, trial

No control group as all subjects took
calcium supplement with vitamin D;
can’t isolate effects of supplemental
calcium

Population of older women; findings
may not be generalizable to the total
population

Cancer outcomes were not the
primary outcomes

Cancer outcomes are based on self-
report events and were not
adjudicated

Bolland et al.,
2011b




supplementation did not
alter cancer risk (HR = 1.06 —
1.26)

Total dietary intake of calcium is not
measured

Randomized,
blinded, placebo-
controlled trial
(WHI: Women'’s
Health Initiative)

36,282 post-menopausal
women ages 50-79 y;
subjects consumed
placebo or 400 IU vitamin
D; with 1000 mg calcium
carbonate daily for an
averageof 7y

449 women in the CaD group
and 381 women in the
placebo group reported a
stone during the trial
Increased incidence of self-
reported clinically diagnosed
urinary tract stones in
women supplemented with
CaD compared to placebo
(HR=1.17;95% Cl: 1.02 -
1.34)

The rates of self-reported
stones did not differ
between various
demographic,
anthropomorphic, dietary,
and other hypothesized risk
factors

Increased incidence (17%) of
self-reported clinically
diagnosed urinary tract
stones in the vitamin
D/calcium group relative to
the placebo group

Neither the total calcium
intake nor the use of calcium
supplements at baseline was
associated with the risk of
stones

No control group as all subjects took
calcium supplement with vitamin D;
can’t isolate effects of supplemental
calcium

Population of older women; findings
may not be generalizable to the total
population

Small absolute difference in
occurrence of urinary tract stones
between groups: 0.35 vs 0.30%
Findings from this study provide no
new information relevant to
determination of the UL, as the
increased risk for kidney stones had
been published (Jackson et al., 2006,
as cited by IOM 2011) before the IOM
set the present UL

Wallace et al.,
2011

Observational Studies and Meta-Analyses

Meta-analysis of
prospective

Total calcium: 750,275
participants (9 cohorts),

Total calcium intake
associated with increased

Studies included both the NIH-AARP
cohort and the HPFS cohort

Aune et al., 2015




studies of dietary,
supplemental,
and total calcium

33,127 cases
Dietary calcium: 800,879
participants (15 cohorts),
35,493 cases

prostate cancer risk per 400
mg calcium/day (RR = 1.02;
95% Cl: 1.01 - 1.04) and
when comparing the highest
and lowest intake levels (RR
=1.10; 95% Cl: 1.01 - 1.21)
for prostate cancer risk
Total dietary calcium
associated with increased
prostate cancer risk per 400
mg calcium/day (RR = 1.05;
95% Cl: 1.02 - 1.09), and
when comparing highest and
lowest intake levels (RR =
1.18; 95% Cl: 1.08 — 1.30)

Exclusion of the NIH-AARP reduced
the RR for total calcium and prostate
cancer risk to 1.03 (95% Cl: 1.02 —
1.05) and exclusion of the HPFS
cohort reduced the RR to 1.02 (95%
Cl: 1.01-1.03)

Published concurrently with Wilson
et al., 2015

Study by Wilson et al., 2015 suggests
that correction for phosphorus intake
may attenuate association between
prostate cancer and total calcium
found in this analysis

Cross-sectional
study of calcium
supplementation
and age-related
macular
degeneration
(AMD)

3191 male and female
participants aged 40+,
from NHANES; 248 (7.8%)
diagnosed with AMD

Comparing the highest and
lowest quintiles of self-
reported calcium
supplementation,
supplementation with
greater than 800 mg/day
calcium had higher odds of
AMD diagnosis compared to
those reporting no (< 100
mg/day) supplementation
(OR=1.85;95% Cl: 1.25 -
2.75); no association was
observed when comparing
the other quintiles of
supplementation

For older participants (> 67 y)
the odds of AMD diagnosis
were higher (OR = 2.63; 95%
Cl: 1.52 - 4.54)

Supplement intake was self-reported
Comorbidities (confounders) were
not adjudicated, but self-reported
No accounting for dietary or total
calcium intake

A clear dose-response was not
established. Lack of dose response
limits strength of findings

Kakigi et al., 2015

Prospective study

47,885 men from HPFS

Comparing intake categories,

Cancer diagnosis initially self-

Wilson et al.,




based on Health
Professionals
Follow-up Study
(HPFS). Study
collected data
from 1986 —
2010, every 4
years

cohort aged 40-75 y;
5861 cases of prostate
cancer including 789
lethal cancers (defined as
fatal or metastatic)

calcium intake of > 2000
mg/day (compared to 500 —
749 mg/day) associated with
greater risk of total (RR =
1.24; 95% Cl: 1.02 — 1.51),
lethal (RR = 1.66; 95% CI:
1.09 - 2.53), and high-grade
(RR=1.88;95% Cl: 1.13 —
3.12) prostate cancer. All
significance attenuated after
adjustment for phosphorus
intake

reported followed by confirmation by
review of medical records and
pathology reports

No increased risk was found when
correction for phosphorus intake was
conducted

2015

Cross-sectional
study of calcium
supplementation
and brain lesion
volume

227 male and female
participants age > 60 y;
149 supplement users,
and 78 non-users

Users of calcium
supplements (yes/no), after
controlling for dietary
calcium intake, had
significantly greater lesion
volumes than non-use of
calcium supplements
(p=0.0011)

Among supplement users,
the amount of supplement
consumed was not
associated with lesion
volume (p=0.81), therefore
no dose response

For users with duration
information (N = 106), there
was no association between
lesion volume and
supplement use duration
(p=0.35)

No dose response established; daily
supplement intake ranged from 37-
1130 mg/day (mean 744.2 mg/day)
Duration of supplementation only
available for 106 or 149 participants
Exposure assessment could not
distinguish between calcium-only and
calcium/vitamin D containing
supplements

Concurrent assessment of intake and
risk

Lack of dose response and duration
response limit strength of findings

Payne et al., 2014

HR: Hazard ratio; For RCTs, RR refers to risk ratio, while for observational studies in this table, RR refers to relative risk
(Adapted from GRN 634)
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From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov]
Sent: Thursday, January 11, 2018 1:42 PM

To: Salvatore DAngelo <SDAngelo@niacet.com>

Subject: RE: amendment to GRN 000712

Dear Mr. D’Angelo,
Thank you for your response. | confirm receipt of your request that we cease our evaluation of GRN
000712. A formal cease-to-evaluate letter will be forthcoming.

Best regards,

Rachel Morissette, Ph.D.
Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov
U.S. FOOD & DRUG

ADMINISTRATION

L Jw i o B

From: Salvatore DAngelo [mailto:SDAngelo@niacet.com]
Sent: Thursday, January 11, 2018 1:38 PM

To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>

Cc: Minsk, Alan G. <Alan.Minsk@AGG.com>
Subject: RE: amendment to GRN 000712

Dear Dr. Morissette,

Niacet is submitting a cease to evaluate request for the GRN 712 submission at this time. Please
contact me if you require any additional information or action.

Sincerely,

Salvatore J. D’Angelo
Manager, Quality Assurance & Regulatory Affairs

Niacet Corporation
400 47th Street | Niagara Falls, NY 14304



P:716-285-1474 | F: 716-285-1497
www.niacet.com

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov]
Sent: Wednesday, January 10, 2018 9:05 AM

To: Salvatore DAngelo <SDAngelo@niacet.com>
Subject: amendment to GRN 000712

Dear Mr. D’Angelo,

Thank you for sending your responses to our questions for GRN 000712. We reviewed the amendment
and found that there are key points lacking in Niacet’s response. The main issues are highlighted below:

e FDA requested that Niacet provide at least 3 non-consecutive batch analyses of all specifications
listed in the Certificate of Analyses, including heavy metals. While Niacet provided additional
Certificates of Analyses, none of them contained values for heavy metals as requested.

e Though FDA pointed out some errors in the original notice in Questions 1-4 that made the notice
difficult to follow, the amendment still contains many similar typographical errors throughout, such
as incorrect CFR references and inconsistent citation formatting that makes the information
difficult to navigate.

¢  While more discussion and references to support Niacet’s safety conclusion were provided as
requested, the revised narrative is still disjointed and does not adequately tie in GRN 000712’s
safety conclusion with information contained in prior notices that Niacet is incorporating into this
notice. Niacet makes the following blanket statement in the amendment “Also, please note that
we concurs with the safety findings and conclusions from previous GRAS notices mentioned in
GRN 712, in support of our independent GRAS conclusion for the intended uses of calcium
acetate.” However, Niacet does not explain what specific safety studies and findings from each
notice they are referring to and how that relates to the safety of their ingredient’s intended use.

We appreciate your effort in responding to our questions; however, as the responses did not adequately
address our concerns, we will not be able to reach a No Questions opinion for this notice. As we stated
previously, the review process is not designed to be iterative. As there are still questions that remain, we
advise that you request that we cease-to-evaluate your notice. You have until close of business January
17, 2018 to make this request. Otherwise, we will issue a No Basis letter for this notice.

If you choose to withdraw this notice and resubmit a revised notice, we strongly encourage you to
schedule a pre-submission meeting with our review team prior to resubmitting.

Sincerely,

Rachel Morissette, Ph.D.
Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov

W U.S. FOOD & DRUG

ADMINISTRATION
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