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Abstract

The aim of this review is to describe the metabolism of calcium in ankylosing spondylitis compared to 
physiologic conditions, and to present the current evidence on the benefits and disadvantages of cal­
cium supplementation in these patients. A narrative review of the literature was conducted using the 
PubMed database and a total of 65 articles were selected. Calcium is involved in many physiopatholo­
gical processes, including inflammation, bone loss and bone formation, all of which occur in ankylosing 
spondylitis. Many ankylosing spondylitis patients suffer from concomitant osteopenia or osteoporosis, 
which represent indications for calcium supplementation. Conversely, there are still concerns about the 
use of calcium salts for the prevention of bone fragility in non-osteoporotic or non-osteopenic patients. 
In these cases, biologic agents may indirectly normalize calcium dysmetabolism by rebalancing the cyto­
kine milieu, in turn associated with bone remodeling. Calcium supplements may be disadvantageous 
for entheseal calcifications, but so far there are no clear data confirming that such an association exists. 
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Introduction
Calcium is a fundamental constituent of the human 

body and has both intracellular and extracellular func­
tions. Within the cell, calcium contributes to the homeo­
stasis of many processes, including growth, proliferation 
and apoptosis [1]. 

Outside the cell, calcium represents an essential 
component of the mineral matrix of bone, contributes 
to blood coagulation and is required for the correct func­
tioning of the neuronal and muscular apparatus [2]. 

The concentration of extracellular calcium is main­
tained within a strict interval and variations are promptly 
corrected by the intervention of hormones. Similarly,  
the intracellular concentration of calcium is constantly 
kept at a low level, and stimuli inducing a peak give rise 
to several cascades, culminating in the activation of en­
zymes and transcriptional pathways. 

Acting as a second messenger, calcium plays a cen­
tral role in inflammation, and its aberrant deposition in 

extracellular matrix (ECM), occurring during dystrophic 
or reparative processes, is at the basis of ectopic calcifi­
cations in either skeletal or extra-skeletal sites. 

Ankylosing spondylitis (AS) is a  rheumatic disease 
characterized by inflammation and the final calcification 
of the entheses, which are the site of bone attachment 
of tendons, joint capsules and ligaments [3]. Ankylosing 
spondylitis belongs to the group of spondyloarthropa­
thies (SpA), with which it shares a common genetic sig­
nature, pathogenesis, clinical manifestations and thera­
peutic management [4, 5]. 

The most relevant features of SpA are the predomi­
nant involvement of the axial skeleton, including spine, 
pelvis and rib cage (although peripheral joints, especial­
ly of the lower limbs, can be asymmetrically involved), 
a  strong genetic predisposition partly related to the 
presence of the genetic marker HLA-B27, the absence  
of the rheumatoid factor, the occurrence of enthesitis 
and dactylitis, the evidence of bone apposition rather 
than bone erosion on X-rays, and a corollary of associated 
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extra-articular manifestations, including uveitis, psoria­
sis or inflammatory bowel diseases (IBD). 

The pathogenesis of SpA is multifactorial. According 
to one of the most accredited theories, HLA-B27 heavy 
chain misfolding would eventually induce endoplasmic 
reticulum stress, interfere with antigen presentation, 
and aberrantly activate natural killer (NK) cells, CD8+ 
and CD4+ T lymphocytes. This process may be amplified 
by episodes of disturbance of the intestinal microbiome 
(dysbiosis) [4] or mechanical stress [3], generating 
pro-inflammatory cascades unleashed by pathogen- 
associated molecular patterns (PAMPs) or damage- 
associated molecular pattern (DAMPs). 

Activated macrophages and dendritic cells would 
promote the differentiation of Th17 lymphocytes and the  
final secretion of cytokines such as interleukin (IL)-17, 
IL-22, IL-23 and tumor necrosis factor-alpha (TNF-α), in 
turn involved in bone remodeling [4]. These immuno­
logic pathways have been exploited as pharmacological 
targets for the formulation of biologic drugs, such as 
anti-TNF and anti-IL-17 agents, whose efficacy has been 
shown in both axial and peripheral forms of SpA, as well 
as in SpA-associated extra-articular manifestations [5, 6]. 

Ankylosing spondylitis, whose prevalence is 0.1–0.5% 
in the Caucasian population [6], usually develops in 
HLA-B27 positive young males (female/male ratio 1/9) 
and mainly affects the spine and sacroiliac joints. 

The most typical symptoms include protracted 
morning stiffness, inflammatory low-back pain and 
spine morphofunctional changes, leading to progres­
sive disability. The classical course of the disease is 
characterized by a slow progression from an early non- 
radiographic axial spondyloarthritis stage (nr-axSpA),  
in which entheseal and bone inflammatory signs are 
solely detectable by magnetic resonance imaging (MRI), 
to a late radiographic stage, in which soft tissue ossifi­
cation (e.g. syndesmophyte formation and spine fusion) 
can be revealed by conventional X-rays. 

Those forms of axial SpA not developing skeletal 
structural changes are classified as nr-axSpA. Though 
~12% of nr-axSpA subjects can develop AS in the first 
two years of the disease, it is unclear whether nr-axSpA 
might be considered as an early phase of AS or rather 
represents a separate clinical entity [7].

Ankylosing spondylitis is characterized by a  bone 
paradox mirrored, on the one hand, by the development 
of trabecular and cortical osteoporosis and, on the other 
hand, by the overproduction of cortical bone and enthe­
seal ossification [8]. 

Reiterated micro-traumatisms and an inflammatory 
insult of enthesis, whose main function is to redistribute 
mechanical stress [3], have been hypothesized to be at 
the basis of enthesitis and calcification. Notably, enthe­

seal calcification is not specific to SpA, being also found 
in other rheumatic, metabolic and post-traumatic condi­
tions, including diffuse idiopathic skeletal hyperostosis 
(DISH) and crystal-associated enthesopathy [9]. 

Despite the tendency to bone accretion, the risk of 
osteoporosis in AS is increased, presumably on the basis 
of chronic inflammation, hypo-mobility and malabsorp­
tion, thus making calcium and vitamin D supplementa­
tion often necessary [10]. 

However, the long-term benefits of calcium sup­
plementation are still unclear. It may be hypothesized 
that an unbalanced calcium metabolism may worsen 
the process of calcification at the entheses, especially 
if other mineral defects (such as an altered phosphate 
homeostasis) [2] or a deficit in ECM repair coexist. 

Since there is still scarce evidence on the usefulness of 
calcium supplementation in these patients and interna­
tional guidelines are lacking, we aimed to provide a nar­
rative review of the current literature focusing on calcium 
absorption, metabolism, function and bone homeostasis 
in AS patients compared to healthy subjects. Further­
more, papers concerning the effects of calcium supple­
mentation in AS were also searched and discussed.

We selected 65 English-written papers dated from 
1979 to 2020, by means of a search of the PubMed data­
base, using the combination of words: “calcium”, “vita­
min D”, “mineral metabolism”, “ankylosing spondylitis”, 
“enthesitis”, “osteoporosis”. Results are reported in the 
next paragraphs and summarized in Table I. 

Physiological calcium metabolism
Calcium is an electrolyte governing a wide range of 

extracellular and intracellular functions, including blood 
coagulation, nerve functioning, muscle contraction, 
bone scaffolding, exocytosis, cell proliferation, motility 
and apoptosis [2]. 

An adult human organism contains approximately 
1,200 grams of calcium, of which 99% is stored in the 
bone, whereas the remaining percentage consists of cir­
culating or intracellular calcium (Fig. 1). Bone exchanges 
with plasma about 250/300 mg of calcium in a day and 
contributes to maintain the normal range of calcium  
serum concentration. 

Within the cells, calcium acts as a second messen­
ger and its cytosolic concentration is kept stable under 
a  threshold of 100 nM. Slight calcium concentration  
variations induce the development of an electrolytic gra­
dient that allows intracellular signaling. Sensor proteins, 
named stromal interaction molecule proteins (STIMs) 1, 
calcium channels, calcium-sequestering proteins and 
calcium active transporters cooperate in controlling cal­
cium fluxes and indirectly preside over the downstream 
calcium-mediated cellular processes. 
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Extracellular calcium concentration is, instead, main­
tained constant thanks to the interplay of several hor­
mones, including parathyroid hormone (PTH), 1,25(OH)2 
vitamin D, calcitonin, PTH-related peptide (PTHrP), fibro­
blast growth factor 23 (FGF23) and klotho [2]. 

Calcium interacts as an agonist with a class of G pro­
tein-coupled receptors, known as calcium-sensing re­
ceptors (CaSRs) (Fig. 2) [11]. These receptors are present 
in parathyroid glands, gut, bone, kidney, calcitonin- 
secreting cells and other tissues. Calcium-sensing recep­
tor activation encompasses a wide range of effects, in­
cluding the induction or inhibition of hormone release 
(PTH, calcitonin), cellular growth or apoptosis. 

Parathyroid hormone, calcitonin and vitamin D are 
the main factors responsible for calcium homeostasis 
and respond to variations in extracellular calcium con­
centration by modulating calcium resorption in gut, 
kidney and bone. Other hormones influence calcium 
balance and bone mineralization, including sex, thyroid 
and growth hormones, insulin and glucocorticoids [12]. 

Dietary calcium is absorbed throughout all the tracts 
of the intestine, by means of active (mainly in the duo­
denum) and passive (in ileum and colon) transportation. 
In the kidney, 99% of filtered calcium is reabsorbed in 
the proximal and distal tubule and Henle’s loop in a pas­
sive and active way. 

Hormones can control calcium transportation and 
intracellular flux by influencing the expression of seve­
ral proteins, including transient receptors potential 
vanilloid (TRPV)5 and TRPV6, voltage-gated L-type cal­
cium channels, calbindins, calcium/sodium exchangers, 
adenosine triphosphate ATPases and claudins [2]. 

In physiological conditions, advisable daily calcium 
intake is about 400–1,500 milligrams. However, the real 
bioavailability of calcium is only 15–30% of the intake, 
although a great variability exists during growth, preg­
nancy and lactation [13]. Beside hormonal control, the 
absorption of calcium depends on age, gender, body 
mass, gastrointestinal pH, mucosal inflammation, die­
tary nutrients, gut microbiota and drugs [14]. 

Oxidative stress and gut inflammation may inter­
fere with the expression of genes coding for molecules 
involved in both the active and passive transportation.  
The use of anti-oxidant drugs, as well as prebiotics and 
a fat-poor diet, may restore the efficiency of calcium up­
take [15]. Medications, like glucocorticoids, can also influ­
ence the plasma concentration of calcium by interfering 
with its absorption or excretion and bone mineralization. 

Calcium absorption and homeostasis 
in ankylosing spondylitis 

Patients affected by AS often suffer from malabsorp­
tion and have macroscopic or microscopic signs of in­
testinal inflammation [16]. In addition, about 7% of AS 
patients are estimated to develop a  concomitant IBD, 
such as Crohn’s disease or ulcerative colitis [17]. The in­
testinal microbiota is often altered in AS patients, with 
Lactobacilli less represented [4]. Gut dysbiosis can drive 
a local immune response, reverberating in distant sites 
such as joints. 

In this regard, it has been shown that HLA-B27 trans­
genic rats reared under germ-free conditions do not 
develop spondyloarthritis [18] and, in humans, reactive 

Dietary or supplemental calcium intake (400–1,500 mg daily)

50% ionized form, 50% conjugated to proteins or anions 

CellsBone

99% of total calcium 
body content stored 

< 1% stored 
in organelles

Kidney

90% of filtered 
calcium reabsorbed 

Gastrointestinal apparatus 

Active and passive absorption (15–30%) 

Bloodstream 8.5–10.5 mg/dl

Gut absorption 
PTH –
vitamin D ↑ 
calcitonin ↑↓ 
glucocorticoids ↓

Kidney resorption
PTH ↑
Vitamin D ↑
Calcitonin ↓
Glucocorticoids ↓

Bone resorption 
PTH ↑ ↓
Vitamin D ↓
Calcitonin ↓
Glucocorticoids ↑

Fig. 1. Schematic representation of calcium metabolism in physiological conditions. Blood calcium concen-
tration derives from the fraction of calcium absorbed by the gastrointestinal tract, the fraction of calcium 
mobilized from skeletal deposits and the fraction of calcium reabsorbed in kidney. Each of these processes 
is under the control of several hormones, including PTH, vitamin D, calcitonin and glucocorticoids.
PTH – parathyroid hormone.
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arthritis, which belongs to the SpA group, is often the 
consequence of an enteric infection sustained by Salmo
nella, Shigella and Campylobacter spp. 

The haplotype HLA-B27 may globally affect the intes­
tinal metabolome with a  loss of short-chain fatty acid 
(SCFA)-producing Clostridiales spp., considered at the 
basis of a dysregulated innate and adaptive immune re­
sponse. Concomitantly, the hyper-activation of the IL-17/
IL-22/IL-23 axis may further generate chronic inflamma­
tion involving distant sites, e.g. entheses and joints [4]. 

Both intestinal subclinical inflammation and dys­
biosis may affect the absorption of calcium and other 
nutrients. Experiments on human cells and experimen­
tal models of IBD showed that interferon-gamma (IFN-γ) 
can down-regulate the expression in colon of L-type 

calcium channels [19], and that inflammation may over­
all repress the expression of TRPV6, calbindin D9K and  
other calcium transporters in the duodenal epithelium 
[20], thus reducing the amount of absorbable calcium. 

Furthermore, preclinical studies in animals revealed 
that calcium supplementation may shift the bacterial 
composition of the gut microbiota towards fermenting 
phyla able to synthesize SCFAs [21], ultimately respon­
sible for luminal pH acidification and increased calcium 
absorption.

In AS patients suffering from a  concomitant IBD, 
calcium malabsorption might also depend on diarrhea- 
related hypomagnesemia, lactose intolerance and the 
quite common use of glucocorticoids that reduce calcium 
absorption in the intestine [22]. 

Fig. 2. Regulation of intracellular and extracellular calcium homeostasis. Both the extracellular and the intra
cellular concentration of calcium ions are maintained in a narrow range thanks to the interplay of several 
hormones and an intracellular system of calcium sensing, binding and sequestering molecules. Calcium 
sensing receptors, expressed on plasma membrane, are sensitive to the extracellular concentration of cal-
cium and other cations (such as magnesium) and, in case of unbalance, initiate the appropriate hormonal 
response by inducing or inhibiting the secretion of parathyroid hormone or calcitonin. Stromal interaction 
molecule protein 1 is, instead, a protein associated with endoplasmic reticulum and plasma membrane 
that is sensitive to intracellular calcium deposits and controls the opening of calcium channels. A stable 
intracellular concentration of calcium is also guaranteed by the rapid sequestration of calcium ions by the 
cytosolic proteins calbindin and calmodulin and the extrusion of the ion in organelles or in the extracyto-
solic environment through active transporters (calcium ATPases and sodium/calcium exchanger proteins). 
ATPase – adenosine triphosphatase, Ca2+ – calcium, CaSR – calcium sensing receptor, ER – endoplasmic reticulum, FGF23 – fibroblast 
growth factor 23, Mg+ – magnesium, MT – mitochondrion, Na2+ – sodium, PTH – parathyroid hormone, PTHrP – PTH-related peptide, 
STIM1 – stromal interaction molecule protein 1.

PTH 

1,25(0H)2 vitamin D

Calcitonin

PTHrP

FGF23

Klotho 

Ca2+ ions
(1.1–1.3 mmol/l)

Ca2+ channels

Na2+/Ca2+ exchanger

Calbindin/Calmodulin

Ca2+ ATPase
MT

Mg+

CaSR

STIM1

STIM1

ER

Cytosolic Ca2+

Concentration 100 nM

Nucleus
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Additionally, it has been estimated that one-third 
of IBD subjects have an inadequate calcium intake due 
to dietary habits [23]. Notably, supplementation with 
calcium and vitamin D may be insufficient to prevent 
osteoporosis in IBD patients, and this may be due to the 
down-regulation of calcium transporters in inflamed gut 
mucosa as reported in preclinical studies [19, 20]. 

Conversely, mineral absorption in non-IBD AS patients 
is less clear. A  case-control study showed that AS pa­
tients have a higher calcium intake compared to healthy 
controls, measured through the semi-quantitative food 
frequency questionnaire [24]. However, subclinical gut 
inflammation, affecting half of AS patients [16], may lead 
to micronutrient deficiency. 

Extracellular calcium concentration has been re­
ported within the normal range in AS subjects [25], sug­
gesting that calcium malabsorption may be compen­
sated by increased calcium uptake from the skeleton, 
partly explaining the occurrence of osteoporosis in AS 
subjects [20]. 

Additionally, a  recent meta-analysis demonstrated 
that AS patients often have a  reduced serum level of 
25(OH) vitamin D, while the serum concentrations of 
calcium, PTH and 1,25(OH)2 vitamin D are normal [26]. 

Vitamin D induces gastrointestinal and renal cal­
cium and phosphate absorption, whilst in bone it has 
both a  catabolic and an anabolic role [12]. It is fairly  
well known that vitamin D has anti-inflammatory 
properties, and an inverse relationship between its 
serum level and disease activity in AS has emerged in 
some studies [27]. 

Calcium in the pathogenesis  
of ankylosing spondilitis 

It’s presumable that an unbalanced calcium homeo­
stasis may contribute to inflammation in the AS course, 
new bone tissue formation as well as bone loss. These 
three pathogenetic moments are separately discussed 
in the following subparagraphs and the hypothetical role 
played by calcium in the pathogenesis of AS is depicted 
in Figure 3.

Inflammation in the course of ankylosing 
spondylitis

Calcium may influence the immune response and re­
pair mechanism in several ways that are summarized in 
Figures 4 and 5. Intracellular calcium can complex with 

Fig. 3. Unbalanced calcium pathways and related pathogenic mechanisms in ankylosing spondylitis. Patients 
affected by ankylosing spondylitis often have gut dysbiosis and inflammation, and sometimes lactase de-
ficiency and vitamin D resistance. These conditions may induce malabsorption of calcium and vitamin D.  
On the other hand, the hyper-expression of pro-inflammatory cytokines, including tumor necrosis factor- 
alpha (TNF-a), interleukin (IL)-17, IL-23 and IL-22, may alter the balance of mediators involved in bone mor-
phogenesis (DKK-1, BMP, RANK, RANKL). Finally, hormonal changes may further contribute to bone remo
deling, leading to osteoporosis. However, in these patients, calcium, whose serum concentration is usually 
within the normal range, could promote the activation of immune and mesenchymal cells through increased 
expression of calcium sensor receptor, favoring inflammation and matrix deposition.
BMP – bone morphogenic protein, Ca2+ – calcium, CaSR – calcium sensor receptor, CD – cluster of differentiation, CGR – calcitonin gene- 
related peptide, DKK-1 – Dickkopf-related protein-1, IL – interleukin, MSC – mesenchymal cells, RANK – receptor activator of nuclear 
factor k-B, RANKL – receptor activator of nuclear factor k-B ligand, PTH – parathyroid hormone, VDR – vitamin D receptor gene.
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calmodulin and activate calcium/calmodulin dependent 
kinases or calcineurin, which phosphorylate the inhibi­
tor of κB kinase (IKK2) and dephosphorylate nuclear fac­
tor of activated T-cells (NFAT), respectively [1]. 

This leads to the activation and translocation of either 
nuclear factor kappa-light-chain-enhancer of activated 
B-cells (NF-κB) or NFAT into the nucleus, where they can 
control the transcription of various genes associated with 
proliferation and inflammation. 

Additionally, the importance of calcium in inflamma­
tion has been revealed by the role that CaSRs exert in im­
mune cells. Hypocalcemia, in fact, is often present in sepsis 
or other systemic inflammatory conditions, as the result of 
the suppression of PTH secretion. 

This may depend on the aberrant expression of CaSRs 
on peripheral mononuclear cells (PBMCs), which use cal­
cium for cytokine secretion and inflammasome activation 
[28]. Therefore, cytokines such as IL-6, TNF-α and IL-1 may 
indirectly influence the secretion of PTH by increasing the 
expression and activation of CaSRs on immune cells. 

Interestingly, physiologic intracellular calcium oscil­
lations appear typically impaired in peripheral mono­
cytes of AS patients, and are likely associated with in­
creased differentiation of these cells towards a dendritic 
or a monocytic myeloid derived suppressor cell (mMDSC) 
phenotype [29].

Furthermore, it has been demonstrated that intra­
cellular calcium entrance is enhanced in neutrophils of 
AS patients, where it may contribute to lipid peroxida­
tion, apoptosis, and activation of caspases 3 and 9. 

Of note, the anti-TNF monoclonal antibody infliximab, 
used in the treatment of many rheumatic diseases includ­
ing AS, may prevent calcium influx into neutrophils, thus 
suggesting that the opening of calcium channels may be 
the result of a response to cytokines [30]. Similarly, the 
blockade of IKCa1 lymphocyte potassium channels may 
display anti-inflammatory properties in AS and RA pa­
tients, preventing the differentiation of CD4+ and CD8+ 
T cells [31]. 

Antibodies

Pro-inflammatory cytokines
(IL-1, IL-6, TNF-a)

CaSR

Nucleus

NFAT NF-kB

Ca2+ ions

Ca2+ channels

Ca2+/calmodulin dependent kinase

↓ PTH
↓ 1.25(OH)2 vitamin D

Calmodulin

B lymphocyte maturation

Transcription

Fig. 4. Intracellular calcium cascade tuning the immune response. In peripheral blood mononuclear cells, 
intracellular calcium takes part in a phosphorylation cascade culminating in activation of the transcriptional 
factors nuclear factor kappa-light-chain-enhancer of activated B-cells and nuclear factor of activated  
T cell. The final result is transcription of the genes involved in the immune response, such as those coding 
for pro-inflammatory cytokines or favoring B-cell maturation. Pro-inflammatory cytokines increase, in turn, 
the expression of calcium sensing receptor with the subsequent repression of parathyroid hormone release 
and activation of 1,25(OH)2 vitamin D, which exhibits anti-inflammatory properties. 
Ca2+ – calcium, CaSR – calcium sensing receptor, IL – interleukin, NFAT – nuclear factor of activated T cell, NF-κB – nuclear factor 
kappa-light-chain-enhancer of activated B-cells, PTH – parathyroid hormone, TNF-α – tumor necrosis factor-alpha. 
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Fig. 5. The role of calcium in activation of the immune system. Calcium mediates the activation of both 
innate and adaptive immune cells and participates in the process of osteogenesis. 
CK – cytokine.

B lymphocytes participate to several steps of the 
immune response, ranging from antigen presentation to 
antibody and cytokine production. Nevertheless, limited 
data exist on the role of these cells in SpA pathogenesis. 

B lymphocytes can be activated in response to in­
tracellular calcium fluxes. After binding an antigen, the 
B-cell receptor (BCR) triggers a cascade of phosphoryla­
tion events; this causes the entrance of calcium ions into 
the cell, promoting the early differentiation and matura­
tion of B lymphocytes [32]. 

Interestingly, the molecules CD19 and CD22, expres­
sed on B cells and both targets of immunotherapy, favor 
and impede the calcium intracellular pathway respec­
tively, conditioning the B lymphocyte immune response. 

If intracellular calcium is of crucial importance in the 
activation of the immune system, the role of extracellular 
calcium in inflammation is less clear. 

Although preclinical studies showed that calcium 
supplementation may worsen inflammation during sep­
sis [33] and that calcium-phosphate nanoparticles may 
activate in vitro the nucleotide-binding domain, leu­
cine-rich-containing family, pyrin domain-containing-3 
(NLRP3) inflammasome in peripheral blood monocytes 
[34], these data are not in line with clinical evidence [35]. 

Bone formation in ankylosing spondylitis

Aside from being the major component of mineral 
matrix in bone, calcium may also activate anabolic path­
ways in connective tissue cells. An in vitro model showed 

that the exposure of synovium-derived mesenchymal 
stromal cells to high calcium concentrations may cause 
their proliferation and differentiation into osteoblasts [36]. 

Likewise, another study on animal models showed 
that calcium levels positively affect the chondrocyte 
proliferation and the apposition of both organic (type X 
collagen) and inorganic matrix in bone during embryo­
genesis [37]. However, according to a recent review, cal­
cium supplementation seems not to be associated with 
augmented bone mineralization in the long term [38]. 

In SpA, it is still unclear whether bony overgrowth at 
the entheseal sites does follow inflammation or rather rep­
resents a distinct and independent pathogenic event [8]. 

Studies in SpA animal models and human histo­
logical samples showed that entheseal calcification 
may be the result of endochondral and membranous 
osteogenesis relying on the hyper-activation of the 
Wingless-type MMTV integration site family (Wnt),  
the bone morphogenic protein (BMP) and the Hedgehog 
(Hh) protein anabolic pathways [8].

It has been reported that some pro-inflammatory 
cytokines, such as IL-1β and TNF-α, may chronically fo­
ment the Wnt pathway in chondrocytes and other cells 
[39]. CD4+ Th22 and Th17 cells, gd T lymphocytes and 
innate lymphoid cells type III, migrating from adjacent 
inflamed synovial tissues to entheses [3], may induce 
local inflammation and subsequent calcification. 

The local production of IL-17 and IL-22, together 
with prostaglandin E2 (PGE2), may stimulate the pro­
liferation and differentiation of mesenchymal cells and 
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osteoblasts [40]; conversely, TNF-α may qualitatively 
and quantitatively influence the local production of scle­
rostin and Dickkopf-related protein (DKK) 1 and perhaps 
prevent bone formation [41]. 

Dickkopf-related protein 1 is a negative regulator of 
the canonical Wnt signaling pathway. In AS patients, 
serum DKK1 levels appeared negatively associated with 
inflammation and radiographic progression [41, 42], and 
positively correlated with serum PTH levels [43]. 

While no evidence exists concerning the pharma­
cologic effect of calcium supplementation in AS bone 
formation, the treatment with anti-TNF drugs, counter­
acting local and systemic inflammation, was shown 
to increase the serum levels of DKK1 in AS patients, in 
whom it however displayed less efficient control of the 
Wnt signaling pathway [41]. 

Effect of ankylosing spondylitis on bone loss 

Although ankylosing spondylitis patients are charac­
terized by aberrant calcification of entheses, they are 
also affected by global osteopenia and osteoporosis, 
with an increased risk of fracture. Osteoporosis, due 
to dietary deficit, malabsorption, chronic inflammation 
and hypo-mobility, has been reported in more than half 
of AS patients [44]. 

Osteoporosis in AS patients is characterized by 
a  prevalent loss of trabecular bone and is less influ­
enced by aging, being instead associated with disease 
duration. Accordingly, young patients may have unde­
tected reduced bone mineral density (BMD) with a con­
siderable risk of fractures already evidenced at 2.5 years 
after AS diagnosis [44]. Moreover, these patients can 
also develop bone erosions in the sacroiliac joints and 
vertebrae [45]. 

Patients with nr-axSpA or early SpA also suffer from 
an increased risk of spinal osteoporosis, in turn corre­
lated with inflammatory findings in lumbar MRI and 
serum inflammatory markers, despite normal values of 
serum vitamin D and PTH [46, 47]. 

Osteoporosis occurring in SpA is characterized by 
a profound alteration in bone microarchitecture and af­
fects cortical and trabecular compartments to a different 
extent. These differences are even more evident consid­
ering AS and nr-ax-SpA subjects. By using high-reso­
lution peripheral quantitative computed tomography  
(HR-pQCT), it has been shown that AS patients have 
lower cortical and trabecular volumetric (v)BMD com­
pared to controls, and that syndesmophytes are nega­
tively associated with trabecular vBMD and positively 
associated with cortical vBMD in the lumbar spine [48]. 

Conversely, a  reduced vBMD in cortical but not in 
trabecular bone represents a  typical early finding of 
nr-axSpA, although women and subjects receiving prior 

treatment with glucocorticoids may have a reduction in 
trabecular vBMD as well [49]. 

Therefore, it may be hypothesized that mechanical 
stress occurring at cortical bone may initiate the patho­
genic process of local and systemic inflammation, finally 
ending with the resorption of trabecular bone. 

In the early phase of the disease, the cytokines TNF-α, 
IL-1 and IL-6, released in entheses and cortical bone by 
monocyte-macrophage cells, may stimulate osteoblasts 
to express receptor activator of nuclear factor kappa-B 
ligand (RANKL) which, in turn, promotes the differentia­
tion of osteoclasts from their progenitors, thus inducing 
bone loss. 

The subsequent activation of the acquired immune 
system and the synthesis of other cytokines, such as  
IL-17, may play a double role, being associated with both 
bone catabolic and anabolic pathways. IL-17 may simul­
taneously favor the expression of RANKL, RANK and 
other local cytokines involved in bone resorption and 
promote osteoblast differentiation from mesenchymal 
cells [4]. 

The dual behavior of IL-17 may depend on the con­
comitant cytokine milieu (e.g. prevalence of IL-22 and 
IL-23 or TNF-α) and the phase of disease. Even IL-23 may 
favor either the production of granulocyte-macrophage 
colony-stimulating factor (GM-CSF) or RANKL and IL-17, 
which have opposite effects on bone morphogenesis. 

Calcium supplementation in ankylosing 
spondylitis patients – the current evidence

Calcium supplementation, guaranteeing a daily dose 
intake within a  range of 700–1,500 mg, is strongly re­
commended by American and European taskforces in 
subjects affected by osteopenia, osteoporosis or at risk 
of calcium deficiency [13, 50]. 

Although osteoporosis is a common comorbidity, its 
management is almost neglected in current internatio­
nal therapeutic guidelines for AS or SpA [5, 6]. Anky­
losing spondylitis patients should be evaluated for bone 
loss within 1 year after AS diagnosis and those with full-
blown osteoporosis should be treated with antiresorp­
tive therapies, such as bisphosphonates or denosumab 
[44] plus calcium and vitamin D supplements. 

Given the contribution of inflammation to AS osteo­
porosis, it is presumable that the use of biologic agents 
or even tyrosine kinase inhibitors may indirectly prevent 
bone resorption, whilst their role in hampering bone 
formation is less clear [51]. Patients with AS who were 
concomitantly diagnosed with IBD should be managed 
according to IBD therapeutic guidelines in order to pre­
vent malnutrition and secondary osteoporosis. 
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Nutritional supplementation of AS patients with 
microscopic or subclinical colitis is unclear, due to a lack 
of specific studies in humans. Preclinical studies in 
HLA-B27 transgenic rats showed a  beneficial effect of 
calcium supplements in reducing colic inflammation, 
thanks to the reinforcement of the mucosal barrier [52] 
that may perhaps be attributed to a rebalance in the in­
testinal microbiota [21].

There are several formulations of calcium: specifically, 
calcium carbonate, citrate, lactate and gluconate represent 
the supplements most commonly used in clinical practice, 
besides fortified food and beverages. Calcium carbonate 
contains 40% elemental calcium, must be administered 
with meals and is probably the most cost-effective for­
mulation. Calcium citrate, containing 21% elemental cal­
cium, is characterized by a higher solubility that renders 
it the calcium supplement of choice in achlorhydric, hypo- 
estrogenic and sideropenic patients, since its absorption 
is less influenced by active transport and pH [13]. 

Moreover, citrate contributes to bone remodeling and 
health [53]. Indeed, calcium citrate has more impactful 
effects in preventing osteopenia in both trabecular and 
medullar bone compared to calcium carbonate, with 
numerous studies confirming its better absorption, bio­
availability and PTH suppression capability compared to 
other calcium salts [54]. 

Also, the formation of calcium oxalate stones seems 
more unlikely with the use of calcium citrate. This for­
mulation, in fact, favors the sequestration of calcium 
ions and the inhibition of crystal accretion; at the same 
time, it augments the urinary excretion of macromole­
cules, such as Tamm-Horsfall protein, finally preventing 
the development of calcium-oxalate stones [55]. 

Supplementation with calcium carbonate may be 
associated with the risk of kidney stones in AS patients 
[56, 57]; in fact, those AS patients with concomitant IgA 
nephropathy (often due to mucosal immune system 
activation and gut dysbiosis) and hypercalcemia have 
a  higher risk of hypercalciuria and kidney stones [58]. 
Thanks to the anti-lithogenic properties of citrate, sup­
plementation with calcium citrate may be preferred in 
this subset of AS patients.

Conflicting data exist on the risk of cardiovascular 
events in calcium-supplemented patients [59]. 

Recently, the National Osteoporosis Foundation and 
the American Society for Preventive Cardiology stated 
that dietary and supplemental calcium not exceeding 
the threshold of 2,000 to 2,500 mg/day should be con­
sidered safe from a cardiovascular point of view [60]. 

Given the increased risk of cardiovascular disease in 
AS patients [61], the long-term cardiovascular effect of 
calcium salts should be addressed in further follow-up 
studies. Patients diagnosed with cardiovascular diseases 

should be carefully monitored during the treatment 
with calcium derivates and priority should be given to 
vitamin D supplementation, which showed anti-athero­
sclerotic and cardio-protective effects in experimental 
studies [62]. 

Based on these data, calcium supplementation 
should be started early in osteoporotic or osteopenic AS 
patients in order to prevent cortical and trabecular bone 
loss. In consideration of its higher efficacy than other 
formulations in counteracting trabecular osteoporosis 
and its better oral bioavailability, calcium citrate should 
be preferred in longstanding disease and in the case of 
subclinical or clinical gut involvement. 

In non-osteoporotic or non-osteopenic normocal­
cemic AS individuals, disturbed intracellular calcium 
pathways may be corrected with the use of biologic 
agents targeting cytokines or cytokine-producer cells. 
By interfering with the intracellular calcium signaling, 
these drugs may indirectly contribute to the normaliza­
tion of calcium metabolism in AS patients, preventing  
cytokine-driven osteopenia and calcification [51]. 

In fact, the use of infliximab and azathioprine and, 
paradoxically, of glucocorticoids showed beneficial  
effects on BMD in an observational cohort study on IBD 
patients, whereas calcium and vitamin D supplements 
had no significant effect [63]. 

Due to its anti-inflammatory role, the use of vita- 
min D in deficient AS subjects should be advisable along 
with calcium supplementation [64]. The use of vitamin D 
derivatives in AS patients may have several immunomod­
ulatory effects, including the inhibition of IL-17 produc­
ing cells and the activation of IL-22 secreting cells [65].  
Given the role of IL-22 in bone formation, the treatment 
of AS patients with supplements of vitamin D may ame­
liorate inflammation but possibly worsen calcification. 

This effect may be further accentuated by the intes­
tinal and renal resorption of phosphate, which may in­
directly contribute to tissue mineralization through the 
phosphorylation of several extracellular proteins and 
enzymes involved in matrix remodeling [2] or directly 
precipitate with calcium to form hydroxyapatite crystals. 

Conclusions 

To conclude, it is likely that calcium plays a decisive 
role in the pathogenesis of AS, being involved in inflam­
mation, bone loss and bone formation. However, very 
few data exist concerning the advantages and disadvan­
tages of calcium salts in this disease. 

Calcium supplementation should be mandatory in 
AS patients suffering from osteoporosis or osteopenia 
or with known risk factors of bone demineralization, 
such as hypo-mobility, intestinal malabsorption, comor­
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bidities requiring prolonged use of corticosteroids and 
cigarette smoke. 

Calcium citrate should be preferred over other for­
mulations in the case of gut inflammation, renal calculi, 
and longstanding forms of disease. Calcium salts may 
safely be prescribed to patients diagnosed with radio­
graphic AS and overlapping osteopenia or osteoporo­
sis, since current scientific evidence does not support 
a  causative role of calcium supplements in entheseal 
calcification. 

Conversely, calcium supplements appear unneces­
sary in non-osteoporotic or non-osteopenic normocalce­
mic AS patients, who could instead benefit from the use 
of biologic agents. These drugs, in fact, may indirectly 
normalize the calcium aberrant metabolism and signal­
ing pathways reported in AS by rebalancing the cytokine  
milieu, in turn associated with bone remodeling. 

The authors declare no conflict of interest. 
      The authors declare that all the figures presented 
are prepared by the authors and have not been previ-
ously published.

References 

1.	 Pinto MCX, Kihara AH, Goulart VAM, et al. Calcium signaling 
and cell proliferation. Cell Signal 2015; 27: 2139-2149, DOI: 
10.1016/j.cellsig.2015.08.006.

2.	 Allgrove J. Physiology of calcium, phosphate, magnesium and 
vitamin D. Endocr Dev 2015; 28: 7-32, DOI: 10.1159/000380990.

3.	 Benjamin M, McGonagle D. The enthesis organ concept and 
its relevance to the spondyloarthropathies. Adv Exp Med Biol 
2009; 649: 57-70, DOI: 10.1007/978-1-4419-0298-6_4.

4.	 Babaie F, Hasankhani M, Mohammadi H, et al. The role of gut 
microbiota and IL-23/IL-17 pathway in ankylosing spondylitis 
immunopathogenesis: new insights and updates. Immunol 
Lett 2018; 196: 52-62, DOI: 10.1016/j.imlet.2018.01.014.

5.	 van der Heijde D, Ramiro S, Landewé R, et al. 2016 update of 
the ASAS-EULAR management recommendations for axial spon-
dyloarthritis. Ann Rheum Dis 2017; 76: 978-991, DOI: 10.1136/
annrheumdis-2016-210770.

6.	 Ward MM, Deodhar A, Gensler LS, et al. 2019 Update of the 
American College of Rheumatology/Spondylitis Association  
of America/Spondyloarthritis Research and Treatment Net-
work recommendations for the treatment of ankylosing spon-
dylitis and nonradiographic axial spondyloarthritis. Arthritis 
Rheumatol 2019; 71: 1599-1613, DOI: 10.1002/acr.24025.

7.	 Baraliakos X, Braun J. Non-radiographic axial spondyloarthritis 
and ankylosing spondylitis: What are the similarities and dif-
ferences? RMD Open 2015; 1 (Suppl 1): e000053, DOI: 10.1136/
rmdopen-2015-000053.

8.	 González-Chávez SA, Quiñonez-Flores CM, Pacheco-Tena C. 
Molecular mechanisms of bone formation in spondyloarthri-
tis. Joint Bone Spine 2016; 83: 394-400, DOI: 10.1016/j.jbspin. 
2015.07.008. 

9.	 Slobodin G, Rosner I. Enthesis as a  target organ in rheumatic 

diseases: an expanding frontier. Clin Rheumatol 2017; 36: 

2163-2165.

10.	 	Maruotti N, Corrado A, Cantatore FP. Osteoporosis and rheu-

matic diseases. Reumatismo 2014; 66: 125-135, DOI: 10.4081/

reumatismo.2014.785.

11.	 	Díaz-Soto G, Rocher A, García-Rodríguez C, et al. The calcium- 

sensing receptor in health and disease. Int Rev Cell Mol Biol 

2016; 327: 321-369, DOI: 10.1016/bs.ircmb.2016.05.004.

12.	 	Siddiqui JA, Partridge NC. Physiological bone remodeling: sys-

temic regulation and growth factor involvement. Physiology 

2016; 31: 233-245, DOI: 10.1152/physiol.00061.2014.

13.	 	Straub DA. Calcium supplementation in clinical practice: a re-

view of forms, doses, and indications. Nutr Clin Pract 2007; 22: 

286-296, DOI: 10.1177/0115426507022003286.

14.	 	Diaz de Barboza G, Guizzardi S, Tolosa de Talamoni N. Mole

cular aspects of intestinal calcium absorption. World J Gastro-

enterol 2015; 21: 7142-7154, DOI: 10.3748/wjg.v21.i23.7142.

15.	 	Guéguen L, Pointillart A. The bioavailability of dietary cal-

cium. J Am Coll Nutr 2000; 19: 119S-136S, DOI: 10.1080/ 

07315724.2000.10718083.

16.	 	Ahn SM, Kim YG, Bae SH, et al. Ileocolonoscopic findings in 

patients with ankylosing spondylitis: a  single center retro-

spective study. Korean J Intern Med 2017; 32: 916-922, DOI: 

10.3904/kjim.2015.313.

17.	 	Stolwijk C, van Tubergen A, Castillo-Ortiz JD, et al. Prevalence 

of extra-articular manifestations in patients with ankylosing 

spondylitis: a  systematic review and meta-analysis. Ann 

Rheum Dis 2015; 74: 65-73, DOI: 10.1136/annrheumdis-2013- 

203582. 

18.	 	Asquith M, Elewaut D, Lin P, et al. The role of the gut and 

microbes in the pathogenesis of spondyloarthritis. Best 

Pract Res Clin Rheumatol 2014; 28: 687-702, DOI: 10.1016/ 

j.berh.2014.10.018.

19.	 	Radhakrishnan VM, Gilpatrick MM, Parsa NA, et al. Expres-

sion of Cav1.3 calcium channel in the human and mouse 

colon: Posttranscriptional inhibition by IFNγ. Am J Physiol 

Gastrointest Liver Physiol 2016; 312: G77-G78, DOI: 10.1152/

ajpgi.00394.2016.

20.		Huybers S, Apostolaki M, van der Eerden BCJ, et al. Murine 

TNF (DeltaARE) Crohn’s disease model displays diminished 

expression of intestinal Ca2+ tansporters. Inflamm Bowel Dis 

2008; 14: 803-811. 

21.	 	Chaplin A, Parra P, Laraichi S, et al. Calcium supplementation 

modulates gut microbiota in a  prebiotic manner in dietary 

obese mice. Mol Nutr Food Res 2016; 60: 468-480, DOI: 

10.1002/ mnfr.201500480.

22.	 	Hwang C, Ross V, Mahadevan U. Micronutrient deficiencies in 

inflammatory bowel disease: from A to zinc. Inflamm Bowel 

Dis 2012; 18: 1961-1981, DOI: 10.1002/ibd.22906.

23.	 	Vernia P, Loizos P, Di Giuseppantonio I, et al. Dietary calcium 

intake in patients with inflammatory bowel disease. J Crohn’s 

Colitis 2014; 8: 312-317, DOI: 10.1016/j.crohns.2013.09.008.

24.		Soleimanifar N, Nicknam M, Bidad K, et al. Effect of food 

intake and ambient particulate air pollution on ankylosing 

spondylitis disease activity. Adv Rheumatol 2019; 59: 9, DOI: 

10.1186/s42358-019-0051-2.



310 Rossella Talotta, Francesco Rucci, Francesco Scaglione

Reumatologia 2020; 58/5

25.	 	Bontoux D, Alcalay M, Reboux JF, et al. Changes in blood cal

cium, phosphorus and alkaline phosphatase levels in rheu-

matoid polyarthritis and other types of inflammatory rheuma-

tism. Rev Rhum Mal Osteoartic 1979; 46: 389-395.

26.		Cai G, Wang L, Fan D, et al. Vitamin D in ankylosing spondylitis: 

review and meta-analysis. Clin Chim Acta 2015; 438: 316-322, 

DOI: 10.1016/j.cca.2014.08.040.

27.	 	Lange U, Jung O, Teichmann J, Neeck G. Relationship between 

disease activity and serum levels of vitamin D metabolites 

and parathyroid hormone in ankylosing spondylitis. Osteopo-

ros Int 2001; 12: 1031-1035, DOI: 10.1007/s001980170013.

28.	 	Hendy GN, Canaff L. Calcium-sensing receptor, proinflamma-

tory cytokines and calcium homeostasis. Semin Cell Dev Biol 

2016; 49: 37-43, DOI: 10.1016/j.semcdb.2015.11.006.

29.		Moz S, Lorenzin M, Ramonda R, et al. Emerging role of mono-

cytes and their intracellular calcium pattern in spondylo

arthritis. Clin Chim Acta 2020; 500: 180-188, DOI: 10.1016/ 

j.cca.2019.10.013.

30.		Ugan Y, Nazıroğlu M, Şahin M, Aykur M. Anti-tumor necro-

sis factor alpha (Infliximab) attenuates apoptosis, oxidative 

stress, and calcium ion entry through modulation of cation 

channels in neutrophils of patients with ankylosing spondy-

litis. J Membr Biol 2016; 249: 437-447, DOI: 10.1007/s00232-

016-9884-3.

31.	 	Toldi G, Munoz L, Herrmann M, et al. The effects of Kv1.3 

and IKCa1 channel inhibition on cytokine production and 

calcium influx of T lymphocytes in rheumatoid arthritis and 

ankylosing spondylitis. Immunol Res 2016; 64: 627-631, DOI: 

10.1007/s12026-015-8683-8.

32.	 	Baba Y, Kurosaki T. Role of calcium signaling in B-cell activa-

tion and biology. Curr Top Microbiol Immunol 2016; 393: 143-

174, DOI: 10.1007/82_2015_477.

33.	 	Collage RD, Howell GM, Zhang X, et al. Calcium supplemen-

tation during sepsis exacerbates organ failure and mortality 

via calcium/calmodulin-dependent protein kinase kinase sig-

naling. Crit Care Med 2013; 41: e352-60, DOI: 10.1097/CCM.

0b013e31828cf436.

34.	 Jäger E, Stäubert C, Sungur P, et al. Extracellular calcium-phos-

phate nanoparticles activate the NLRP3 inflammasome through 

CaSR signaling. J Immunol 2019; 202 (1 Supplement): 59.5.

35.	 	Asbaghi O, Sadeghian M, Mozaffari-Khosravi H, et al. The ef-

fect of vitamin D-calcium co-supplementation on inflamma-

tory biomarkers: a  systematic review and meta-analysis of 

randomized controlled trials. Cytokine 2020; 129: 155050, DOI: 

10.1016/j.cyto.2020.155050.

36.	Dry H, Jorgenson K, Ando W, et al. Effect of calcium on the 

proliferation kinetics of synovium-derived mesenchymal 

stromal cells. Cytotherapy 2013; 15: 805-819, DOI: 10.1016/ 

j.jcyt.2013.01.011.

37.	 	Reginato AM, Tuan RS, Ono T, et al. Effects of calcium deficiency 

on chondrocyte hypertrophy and type X collagen expression 

in chick embryonic sternum. Dev Dyn 1993; 198: 284-295, DOI: 

10.1002/aja.1001980406.

38.	 	Reid IR, Bristow SM, Bolland MJ. Calcium supplements: bene-

fits and risks. J Intern Med 2015; 278: 354-368, DOI: 10.1111/

joim.12394.

39.		Xie W, Zhou L, Li S, et al. Wnt/β-catenin signaling plays a key 
role in the development of spondyloarthritis. Ann N Y Acad Sci 
2016; 1364: 25-31, DOI: 10.1111/nyas.12968.

40.		Schett G, Lories RJ, D’Agostino MA, et al. Enthesitis: from 
pathophysiology to treatment. Nat Rev Rheumatol 2017; 13: 
731-741, DOI: 10.1038/nrrheum.2017.188.

41.	 	Daoussis D, Liossis SNC, Solomou EE, et al. Evidence that Dkk-1 
is dysfunctional in ankylosing spondylitis. Arthritis Rheum 
2010; 62: 150-158, DOI: 10.1002/art.27231.

42.	 	Wu M, Chen M, Ma Y, et al. Dickkopf-1 in ankylosing spon-
dylitis: review and meta-analysis. Clin Chim Acta 2018; 481: 
177-183, DOI: 10.1016/j.cca.2018.03.010.

43.	 	Orsolini G, Adami G, Rossini M, et al. Parathyroid hormone is 
a determinant of serum Dickkopf-1 levels in ankylosing spon-
dylitis. Clin Rheumatol 2018; 37: 3093-3098.

44.		Hinze AM, Louie GH. Osteoporosis management in ankylosing 
spondylitis. Curr Treat Options Rheumatol 2016; 2: 271-282, 
DOI: 10.1007/s40674-016-0055-6.

45.	 	van Mechelen M, Gulino GR, de Vlam K, Lories R. Bone disease 
in axial spondyloarthritis. calcif. Tissue Int 2018; 102: 547-558, 
DOI: 10.1007/s00223-017-0356-2.

46.		Akgöl G, Kamanli A, Ozgocmen S. Evidence for inflamma-
tion-induced bone loss in non-radiographic axial spondylo
arthritis. Rheumatology (Oxford) 2014; 53: 497-501, DOI: 
10.1093/rheumatology/ket385.

47.	 	Briot K, Durnez A, Paternotte S, et al. Bone oedema on MRI is 
highly associated with low bone mineral density in patients 
with early inflammatory back pain: results from the DESIR 
cohort. Ann Rheum Dis 2013; 72: 1914-1919, DOI: 10.1136/ 
annrheumdis-2012-201845.

48.		Klingberg E, Lorentzon M, Göthlin J, et al. Bone microarchitec-
ture in ankylosing spondylitis and the association with bone 
mineral density, fractures, and syndesmophytes. Arthritis Res 
Ther 2013; 15: R179, DOI: 10.1186/ar4368. 

49.		Neumann A, Haschka J, Kleyer A, et al. Cortical bone loss is 
an early feature of nonradiographic axial spondyloarthritis.  
Arthritis Res Ther 2018; 20: 202, DOI: 10.1186/s13075-018-
1620-1.

50.		Quesada Gómez JM, Blanch Rubió J, Díaz Curiel M, Pérez AD. 
Department of Internal Medicin. Calcium citrate and vitamin D 
in the treatment of osteoporosis. Clin Drug Investig 2011; 31: 
285-298, DOI: 10.1007/BF03256927.

51.	 	Szentpétery Á, Horváth Á, Gulyás K, et al. Effects of targeted 
therapies on the bone in arthritides. Autoimmun Rev 2017; 16: 
313-320, DOI: 10.1016/j.autrev.2017.01.014. 

52.	 	Schepens MA, Schonewille AJ, Vink C, et al. Supplemental 
calcium attenuates the colitis-related increase in diarrhea, 
intestinal permeability, and extracellular matrix breakdown 
in HLA-B27 transgenic rats. J Nutr 2009; 139: 1525-1533, DOI: 
10.3945/jn.109.105205.

53.	 	Costello LC. Plasma citrate homeostasis: How it is regulated; 
and its physiological and clinical implications. An important, 
but neglected, relationship in medicine. HSOA J Hum Endo
crinol 2016; 1: 005.

54.	 	Sakhaee K, Bhuket T, Adams-Huet B, Rao DS. Meta-analysis 
of calcium bioavailability: a  comparison of calcium citrate 
with calcium carbonate. Am J Ther 1999; 6: 313-321, DOI: 
10.1097/00045391-199911000-00005.



311Calcium physiology, metabolism and supplementation in ankylosing spondylitis

Reumatologia 2020; 58/5

55.	 	Caudarella R, Vescini F. Urinary citrate and renal stone disease: 
the preventive role of alkali citrate treatment. Arch Ital Urol 
Androl 2009; 81: 182-187.

56.		Rezvani A, Aktas I, Tastekin N. Nephrolithiasis in ankylosing 
spondylitis and its relation with disease assessment scales. 
North Clin Istanb 2018; 6: 254-259, DOI: 10.14744/nci.2018. 
58219.

57.	 	Korkmaz C, Özcan A, Akçar N. Increased frequency of ultraso-
nographic findings suggestive of renal stones in patients with 
ankylosing spondylitis. Clin Exp Rheumatol 2005; 23: 389-392.

58.	 	Gönüllü E, Bilge NŞY, Cansu DU, et al. Risk factors for uro-
lithiasis in patients with ankylosing spondylitis: a  prospec-
tive case-control study. Urolithiasis 2017; 45: 353-357, DOI: 
10.1007/s00240-016-0911-8.

59.		Tankeu AT, Ndip Agbor V, Noubiap JJ. Calcium supplementa-
tion and cardiovascular risk: a rising concern. J Clin Hypertens 
2017; 19: 640-646, DOI: 10.1111/jch.13010.

60.		Kopecky SL, Bauer DC, Gulati M, et al. Lack of evidence linking 
calcium with or without vitamin D supplementation to car-
diovascular 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.

61.	 	van der Valk FM, Bernelot Moens SJ, Verweij SL, et al.  
Increased arterial wall inflammation in patients with anky
losing spondylitis is reduced by statin therapy. Ann Rheum Dis 
2016; 75: 1848-1851, DOI: 10.1136/annrheumdis-2016-209176.

62.		Pilz S, Tomaschitz A, März W, et al. Vitamin D, cardiovascular 
disease and mortality. Clin Endocrinol (Oxf) 2011; 75: 575-584, 
DOI: 10.1111/j.1365-2265.2011.04147.x.

63.		Krajcovicova A, Hlavaty T, Killinger Z, et al. Combination thera-
py with an immunomodulator and anti-TNFα agent improves 
bone mineral density in IBD patients. J Crohn’s Colitis 2014; 8: 
1693-1701, DOI: 10.1016/j.crohns.2014.08.004.

64.		Essouma M, Noubiap JJN. Are systematic screening for vita- 
min D deficiency and vitamin D supplementation currently 
feasible for ankylosing spondylitis patients? Int J Inflam 2017; 
2017: 7840150, DOI: 10.1155/2017/7840150.

65.		Sommer A, Fabri M. Vitamin D regulates cytokine patterns 
secreted by dendritic cells to promote differentiation of 
IL-22-producing T cells. PLoS One 2015; 10: e0130395, DOI: 
10.1371/journal.pone.0130395.


