Caleium citrate: role, function and clinical applications
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ABSTRACT

Adequate calcium intake is crucial for bone health and overall bodily functions. However, modern diets often lack suf-
ficient calcium, making supplementation necessary, especially in the presence of certain health conditions. The most
common calcium supplements include calcium carbonate and calcium citrate.

This review focuses on the latter, exploring its mechanisms, clinical uses, and therapeutic applications. Calcium citrate

is preferred in certain situations, including:

e chronic hypoparathyroidism: ideal for individuals intolerant to calcium carbonate or those using proton pump inhibitors,
calcium citrate does not depend on stomach acid for absorption;
e osteoporosis: by supporting bone density, calcium citrate helps strengthen bones and reduce fracture risk in individuals

with osteoporosis;

¢ hypochlorhydria: being better absorbed than other forms of calcium, calcium citrate is beneficial for individuals with

hypochlorhydria (low gastric acid production);

e bariatric surgery: this surgery affects nutrient absorption, and calcium citrate ensures adequate calcium intake in pa-

tients with impaired absorption.

In conclusion, calcium citrate is widely used in clinical practice for various medical conditions requiring calcium supple-

mentation.
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Calcium: intake and role

Daily calcium needs should primarily be met through die-
tary intake. According to the International Osteoporosis Foun-
dation, recommended calcium intake varies depending on sex,
age, and certain conditions. The recommended daily intake for
both women and men aged 19 to 50 years is 1000 mg. This
increases to 1200 mg from the age of 51 in women, and after
70 in men ™.

Approximately 20-30% of ingested dietary calcium is ab-
sorbed by the gut. Intestinal calcium absorption occurs through
two mechanisms: the transcellular and the paracellular path-
ways. Transcellular absorption is an active, energy-dependent
process that takes place in the duodenum. It is dependent on
the concentration of calcium-binding proteins and is rapidly
saturable. It requires active vitamin D and is responsible for
most of the calcium absorption that occurs in individuals with
low to normal calcium intake. The paracellular mechanism, on
the other hand, is passive and does not require energy. It occurs
throughout the intestine and, being independent of calcium
concentration in the gut lumen, is not rapidly saturable. This
process is not vitamin D dependent and accounts for most of
the calcium absorption in individuals with high calcium intake
(231 (Table I).

The skeleton is the body’s primary calcium reservoir, con-
taining approximately 99% of its total calcium (Fig. 1), which
is organized into hydroxyapatite complexes that confer strength
and structure on bone. The remaining approximately 1%, re-
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ferred to as “non-bone calcium,” is present in the bloodstream
in different forms: as free ions, bound to albumin and other
proteins, or complexed with other ions (Figure 1). This “non-
bone calcium” plays a crucial role in physiological functions
such as muscle contraction and nerve impulse transmission -,
Consequently, its concentration in bodily fluids is meticulously
regulated by calciotropic hormones ).

Calcium supplements

When a diet rich in dairy products and calcium-fortified
water is insufficient, calcium supplements can be utilized. The
most common are calcium carbonate and calcium citrate 7.
The proportion of elemental calcium in calcium citrate is 20%,
versus 40% in calcium carbonate. Absorption of these supple-
ments occurs via paracellular transport and is influenced by
their solubility, which varies with pH. Specifically, solubility
decreases as pH increases. The solubility of calcium carbonate
is highly dependent on an acidic pH, necessitating its intake
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after meals. Conversely, calcium citrate can be taken after or
between meals as it remains soluble at higher pH values ).
A meta-analysis by Sakhaee et al. demonstrated that calcium
citrate is better absorbed than calcium carbonate, whether taken
on an empty stomach or with meals ['°!. Additionally, calcium
citrate is associated with fewer gastrointestinal disorders and a
lower incidence of kidney stones compared with calcium car-
bonate ™! (Table II).

Citrate
As its name implies, another component of calcium citrate is
citrate itself. Citrate accounts for 5% of the organic component
of bone tissue and makes up 1-2% of total bone tissue. Approx-
imately 90% of citrate is deposited in bone tissue, which serves
as its storage reservoir, with only a small fraction circulating in
the bloodstream.

In urine and in soft tissues, citrate binds with calcium ions
to prevent the precipitation of calcium salts and thus the for-
mation of harmful deposits. In routine practice, citrate is con-

Calcium citrate applications

sidered both a diagnostic and a therapeutic tool: it is measured
in urine to assess the risk of kidney stones and is also adminis-
tered, in the form of potassium and magnesium salts, to patients
with kidney stones to prevent recurrences 1121,

In the skeleton, citrate undergoes continuous turnover; it
is removed during bone resorption and deposited between the
apatite crystals during the bone formation process. It has been
demonstrated that urinary citrate excretion may be associated
with low bone mass®. .In contrast, other authors have report-
ed a positive correlation between urinary citrate excretion and
bone mineral density at various skeletal sites '],

Calcium citrate: function and clinical
applications

The clinical applications of calcium citrate include its ther-
apeutic use in hypoparathyroidism, bone fragility, bariatric sur-
gery, and achlorhydria.

Table | Summary of the key differences, in terms of function, regulation, and role in calcium absorption, between the paracellular and transcellular

mechanisms.
CHARACTERISTIC PARACELLULAR ABSORPTION
Mechanism Passive, energy-independent

TRANSCELLULAR ABSORPTION

Active, energy-dependent

Site of action Throughout the intestine

In the duodenum

Vitamin D dependence Independent of vitamin D

Dependent on vitamin D

Calcium concentration dependence

Independent of calcium concentration in the gut lumen

Dependent on the concentration of calcium-binding proteins

Saturability Not rapidly saturable

Rapidly saturable

Role in calcium absorption Promotes high calcium absorption

Promotes low to normal calcium absorption

Figure 1 Calcium localization and function.
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Table Il Summary of the key differences between calcium citrate and calcium carbonate, in terms of elemental calcium content, absorption
characteristics, gastrointestinal tolerance, and other important clinical factors.

CHARACTERISTIC

Elemental calcium content Contains 20% elemental calcium

CALCIUM CITRATE

CALCIUM CARBONATE

Contains 40% elemental calcium

Absorption mechanism

Absorption occurs via paracellular transport

Absorption occurs via paracellular transport

Solubility and pH dependence meals

Soluble at higher pH values, allowing for intake between

Solubility highly dependent on acidic pH, necessitating intake
after meals

Gastrointestinal tolerance

Associated with fewer gastrointestinal disorders

May cause more gastrointestinal issues, such as bloating
and constipation

Kidney stones carbonate

Lower incidence of kidney stones compared with calcium

Higher risk of kidney stones due to higher calcium load and
solubility issues

Recommended intake timing

Can be taken with or without food, flexible intake schedule

Recommended to be taken with meals to enhance absorption

Hypoparathyroidism

Currently, calcium supplements are the cornerstone therapy
for hypoparathyroidism. Calcium carbonate is the most widely
used supplement, but calcium citrate is preferred for patients
with gastrointestinal disorders. Additionally, the presence
of citrate may help prevent nephrolithiasis ©'*!4l. In a dou-
ble-blind, crossover trial, Naciu et al. evaluated 24 adults with
postsurgical chronic hypoparathyroidism treated with calcium
citrate or calcium carbonate. No statistically significant differ-
ence was found between the treatment groups, except for a sig-
nificantly lower oxalate/creatinine ratio in the patients receiv-
ing calcium citrate. This finding might be related to the reduced
risk of kidney stone formation observed in the calcium citrate
group, considering that oxalate is one of the main promotors of
stone formation ",

Bone fragility

Calcium carbonate is the most used supplement in clinical
studies evaluating bone fragility ®*1. However, several studies
have shown that calcium citrate has increased solubility and,
compared with calcium carbonate, depends less on estrogen
and vitamin D treatment in order to be absorbed. This is clini-
cally significant, as many women do not take estrogen and have
low levels of vitamin 1*1>181,

Achlorhydria

Calcium citrate is soluble at higher pH values, meaning that it
may potentially be suitable for achlorhydric subjects and pa-
tients using proton pump inhibitors (PPIs). However, there is
no scientific evidence to support this. D. Additionally, given
that achlorhydria increases with age and osteoporotic patients
are often elderly, the use of calcium citrate is advisable ©-16.

Bariatric surgery

The most common bariatric surgical procedures today are
Roux-en-Y gastric bypass and sleeve gastrectomy. The former
causes calcium malabsorption due to the exclusion of the duo-
denum and proximal jejunum, which are the sites of transcellu-
lar calcium transport. Additionally, patients often develop a vi-
tamin D deficiency. Furthermore, the surgical intervention and
frequent use of PPIs can lead to achlorhydria. Instead, the im-
pact of sleeve gastrectomy on calcium absorption is debated.

The anatomy of the absorption sites is not altered, and so ab-
sorption should not be affected. However, vitamin D deficiency
and the use of PPIs, which can affect calcium absorption, are
both common in these patients. Several guidelines on bariatric
surgery recommend calcium supplements for all patients 19221,

Conclusions

Calcium citrate is a versatile and widely applicable sup-
plement in clinical practice, particularly for individuals with
specific absorption challenges or conditions affecting calcium
metabolism.
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