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Mesoporous silica nanoparticles and
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Manzano M1,2, Lozano D1,2, Vallet-Regí M1,2
1 Pharmacy Faculty. Complutense University of Madrid. Health Research Institute, Hospital 12 de Octubre i+12. Madrid (Spain)
2 Biomedical Research on Bioengineering, Biomaterials and Nanomedicine Network Center (CIBER-BBN). Madrid (Spain)

NANOMEDICINE
The application of nanotechnology in medicine has given
rise to a new discipline: nanomedicine, which, as we can
imagine, is a multidisciplinary field where many main
actors take part: engineers, physicists, chemists, biolo‐
gists, doctors and even legislators1. Nanomedicines are
so popular today among the scientific community due to
a series of factors, among which we would highlight the
control over the pharmacokinetic profile, the protection
of transported therapeutic agents against possible degra‐
dation within the organism, the possibility of developing
targeted therapies towards specific tissues, the possibi‐
lity of including different therapeutic agents in the same
transporter and even the possible inclusion of contrast
agents to have a biomedical image for diagnosis. In this
sense, among the possible systems of drug release, na‐
noparticles have acquired great prominence since they
present great versatility from the point of view of their
composition, shape, size, and external surface2.
This makes them the focus of a large
number of biomedical researches for either
Figure 1
the treatment of certain diseases, their pre‐
vention, diagnosis, or even in tissue engi‐
neering.

porous structures; and the use of high dilution conditions,
as proposed by the Stöber method, which allows to obtain
spherical shaped nanoparticles of very defined diameters,
between 100 and 150 nm, and with pores of around 2 nm,
available to be loaded with therapeutic agents. In this
sense, the concept of introducing drugs inside the pores
of mesoporous materials to later be released into the or‐
ganism was first proposed by Professor María Vallet‐Regí
in 2001. This has inspired considerable research conduc‐
ted by different groups around the world5. In this sense,
our research group has worked hard in recent years to
develop MSNs capable of accumulating in different tissues
in a specific way and releasing loaded drugs in response
to different stimuli6 (figure 1).

TREATMENT OF OSTEOPOROTIC SITUATIONS
Among all the possible applications, an interesting exam‐
ple in which we have worked on in recent years is the
use of mesoporous silica nanoparticles for the possible
treatment of osteoporosis7,8.

MESOPOROUS SILICA NANOPARTICLES
Among all the nanoparticles used in the
field of nanomedicine, whether organic or
inorganic, mesoporous silica nanoparti‐
cles (MSNs) are being widely studied in
recent years as transport vectors for the‐
rapeutic agents3.
Their notoriety could be attributed their
robustness, their porous system’s very high
load capacity, their ability to protect drugs
against possible degradation and the ease
with which their outer surface can be mo‐
dified4. The synthesis of these nanoparti‐
cles is based on the combination of 3
methods: the sol‐gel process, in which the
hydrolysis and condensation of the silica
precursors that will form the three‐dimen‐
sional web of SiO2 takes place; the use of
surfactants as directing agents of the struc‐
ture as templates, so that the silica conden‐
ses around the structures created by these
surfactants which, after their elimination,
will prompt a network of cavities or meso‐

SOST mute
Osteostatin
MSNs

PEI

SOST
siRNA
Ost-MSN@PEI-siRNA

Stimulation of the
bone formation

Top: Scanning and transmission electron microscopy images of mesoporous silica
nanoparticles. Bottom: Strategy to coat the nanoparticles with a cationic polymer
to transport the siRNA that will silence the SOST gene and stimulate new bone for‐
mation.
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Figure 2

0h

SOST mRNA (n-fold)

has been based on the possibility of silen‐
cing the SOST gene using a small interfe‐
ring RNA (siRNA), in order to reduce
In vitro silencing of SOST
In vitro release of siRNA
sclerostin expression and to be able to re‐
activate the WNT/β‐catenin cycle, and thus
reactivate osteoblastic differentiation and
consequently increase bone formation, so
important in osteoporotic scenarios. Ho‐
In vitro expression of osteogenic genes
wever, siRNAs have very short life spans
and very poor ability to penetrate cell
membranes, so their biggest problem is
their administration, and that is where our
nanoparticles acquired great relevance. We
In vivo silencing of SOST
coated our MSNs with a cationic polymer
Animal model of ovacectomized mice
capable of retaining the siRNA on their sur‐
77,88
face to be later released, silencing the SOST
gene and causing increased bone forma‐
73,59
tion.
In vivo expression of osteogenic genes
After optimizing the system in terms of
69,29
siRNA design and loading, we found that
our nanoparticles were capable, not only,
of releasing siRNA inside cells, but also of
65,00
reducing SOST expression in vitro and in‐
creasing other osteogenic factors’ SOST ex‐
Top: Release and in vitro silencing studies of the SOST gene and the expression of
pression, such as alkaline phosphatase
other osteogenic genes. Bottom: Administration of the nanoparticles by femoral
(ALP) and RUNx2 (figure 2).
bone marrow injection in an osteoporotic female mice model and subsequent in
We also had very positive results by in‐
vivo studies of SOST gene silencing and expression of other osteogenic genes.
jecting our nanoparticles into the bone ma‐
rrow of the femur in osteoporotic female
Figure 3
mice, observing the reduction in the ex‐
pression of the SOST gene and the conse‐
quent increase in the expression of certain
osteogenic genes.
MSNs for systemic administration
Taking into account the difficulty of an
administration by injection into the bone
marrow of the femur could entail in a fu‐
ture clinical application, we decided to re‐
design the system. To do so, MSNs with
high affinity for bone tissue were develo‐
Subcutaneous injection
ped by anchoring bisphosphonates on
their surface, which are molecules with a
high affinity for the inorganic content of
bone, in order to administer them by sub‐
cutaneous injection, a much easier me‐
thod, so the nanoparticles themselves
preferentially accumulate in bone tissue. In
fact, we observed that after 72 hours of in‐
jection, the nanoparticles were still in the
area (figure 3).
After different treatments lasting 2 to 3
weeks with successive subcutaneous injec‐
tions every 72 hours, real‐time PCR analy‐
sis of the different gene expressions in the
bone tissue of osteoporotic animals revea‐
Top: Design of the nanoparticles for systemic administration by subcutaneous in‐
led that we were able, not only of silencing
jection. Bottom: Images at different times of the injected animal where the perma‐
nence of the nanoparticles in the area up to 72 hours after injection can be noticed.
the gene SOST, but also of increasing the
expression of various osteogenic genes,
In an osteoporotic setting, the WNT/β‐catenin signa‐
such as Runx2, Alp, Osterix and Osteoprotegerin, as well
ling pathway, which normally participates in the diffe‐
as increasing vascular endothelial growth factor (VEGF),
rentiation of mesenchymal stem cells to osteoblasts, is
which relates to an increase in vascularization, all this
inhibited. This happens due to the overexpression of the
factors pointing at the formation of new bone tissue (fi‐
sclerostin protein, which is encoded by the SOST gene.
gure 4).
The consequence of this inhibition is the reduction of os‐
In line with the results obtained, the microcomputed
teoblastic differentiation and, as a consequence, the re‐
tomography analysis revealed significant increases in
duction of bone formation and loss of bone mass so
bone mineral density and bone mineral content, which,
characteristic in osteoporosis. Our working hypothesis
together with the quality of the new bone formed, similar
1,5
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to healthy bone as revealed by trabecular
thickness and trabecular separation, gave
us significant results in terms of new bone
formation and quality in an in vivo model of
osteoporotic female mice (figure 5).
This way, this brilliant investigation
showed the skills of mesoporous silica na‐
noparticles in a possible treatment of os‐
teoporosis, proving their capacity to load,
transport, protect and intracellularly rele‐
ase a particular type of nucleic acid: a
siRNA to silence a specific gene responsi‐
ble for a malfunction in bone tissue deve‐
lopment. These results open the doors for
this type of MSNs to be used for carrying a
large number of nucleic acids, including all
types of RNAs or DNAs, with a wide variety
of final applications within the biomedi‐
cine of the future.
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on this type of application of mesoporous silica nanoparticles. The authors
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Top: Gene expression results in vivo after administration of the nanoparticles. Bot‐
tom: in vivo micro‐CT results after administration of the nanoparticles.
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Summary
Objetive: To report experience in the use of teriparatide as an effective replacement therapy for chronic hypoparathy‐
roidism.
Material and methods: The clinical case of a patient with post‐surgical chronic hypoparathyroidism who previously
presented difficult control with conventional treatment (calcium salts and calcitriol) is presented, for which teriparatide
was started as a substitute treatment.
Results: The patient presented analytical values of phosphocalcic metabolism compatible with normality from the 4th
week of treatment with teriparatide, allowing the suspension of previous treatments and maintaining good control one
year after the change in therapy.
Conclusions: Teriparatide is an effective option for treating chronic hypoparathyroidism. We have observed a latency
phase until the hormonal effect begins, so we recommend frequent analytical monitoring and gradually reduce treatment
with calcitriol and calcium salts for adequate control.
Key words: teriparatida, hipoparatiroidismo, crónico, postquirúrgico, tratamiento.

INTRODUCTION
The clinical management of chronic hypoparathyroidism
(using calcium salts and active vitamin D analogs) is cu‐
rrently less common than other hormone replacement
treatments in endocrinological deficits, where treatment
is based on deficient hormone administration. The treat‐
ment objectives indicated in the clinical practice guideli‐
nes mark albumin‐adjusted calcium target levels at or
slightly below the lower limit of the reference range (0.5
mg/dL) in order to avoid chronic complications derived
from conventional chronic treatment (hypercalciuria due
to the lack of effect of PTH on renal calcium reabsorption),
with associated nephrolithiasis and calcifications at va‐
rious levels (central nervous system, ophthalmological,
renal,etc)1,2.
In the past two decades, studies have been carried
out to establish the effectiveness and safety of replace‐
ment therapy for hypoparathyroidism with PTH 1‐84

(parathyroid hormone) and PTH 1‐34 (teriparatide) due
to poor clinical and biochemical control of chronic hypo‐
parathyroidism with conventional treatment3‐5. Howe‐
ver, NATPAR® (PTH 1‐84) has received the resolution of
NO FINANCING IN SPAIN6.

CLINICAL CASE REPORT
We present the case of a 28‐year‐old man with postope‐
rative chronic hypoparathyroidism since the age of 17
after total thyroidectomy for T4N1bM1 papillary thyroid
carcinoma.
He was treated with calcium carbonate, a dose ran‐
ging between 6 and 8 grams of elemental calcium, calci‐
triol with a dose ranging between 0.5 and 1.5 mcg per
day, cholecalciferol in a variable dose to maintain calci‐
diol levels between 20‐30 ng/ml and magnesium salts,
between 8 and 16 mEq of magnesium element daily. As
initial complications, he suffered several crises of tetany

Correspondence: Jenifer Crespo Gutiérrez (jennifercrespogu@gmail.com)
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secondary to discontinuing treatment. Once compliance
with calcium salts and active vitamin D analog stabilized,
he presented high phosphate levels (around 5.8‐7.2 for
reference values of 2.5‐4.5 mg/dl), with calcium phos‐
phorus above 55 on more than one occasion. Hyper‐
phosphataemia was controlled by reducing the doses of
calcitriol and spacing calcium carbonate doses to every
4 hours, managing to optimize its chelating effect. It
appeared, however, due to the interference of calcium
salts in the absorption of levothyroxine, great difficulty
in adjusting the suppressive dose despite administering
it weekly to minimize the effects of calcium salts on the
intestinal absorption of thyroid hormone.
In this context, the indications of Brandi et al.2 to start
parathormone replacement therapy were reviewed and
it was decided in 2018 to request PTH 1‐84 as compas‐
sionate use treatment in this patient, which was not au‐
thorized after the 2019 AEMPS resolution.
Alternatively, and after reviewing the existing scien‐
tific evidence3,4 it was decided to use subcutaneous (sc)
teriparatide as an alternative. In these studies, the repla‐
cement dose reportedly ranged between 0.3 and 0.8
mcg/kg day.
Prior to commencing treatment, the patient was
being treated with calcitriol 0.5 mcg daily, calcium car‐
bonate 2g/8h, magnesium 16 mEq daily with the follo‐
wing analytical control: calcium adjusted to albumin
7.64 mg/dl (8.2‐10.2), phosphate 5.9 mg/dl (up to 4.5),
phosphocalcium: 46.02
Following the REPLACE5 study indications and the
technical data sheet for PTH 1.847 treatment was started
with teriparatide 20 mcg sc at night, reducing the dose
of calcitriol by 50% (to 0.25 mcg/day) and calcium car‐
bonate (to 1 g every 8 hours) and the magnesium salt
dose to 4 mEq daily. Analytical controls were carried out
every 72 hours, experiencing a significant decrease in
albumin‐adjusted calcaemia (6.4 mg/dl) during the first
week, maintaining similar levels of phosphate (5.7
mg/dl) and with normal figures. of magnesium (1.83
mg/dl), so the dose of teriparatide was doubled to 20

mcg sc every 12 hours. According to a recent study, a
dose of 20 mcg teriparatide does not seem to be enough
to control the condition8.
With the change, there was a progressive rebound in
the analytical values, presenting the following analytical
values 7 days after starting teriparatide 20‐0‐20 (mcg):
albumin‐adjusted calcium 8.8 mg/dl (8.4 ‐10.2), phos‐
phate 4.8 mg/dl (2.4‐4.4), magnesium 1.62 mg/dl (1.6‐
2.6) with detectable urinary magnesium, normal renal
function and calcitriol 32.7 ng/dl. It was decided at that
time to suspend calcitriol and magnesium salt, leaving
the patient under treatment with teriparatide 20 mcg
sc every 12 hours and calcium carbonate 1 g/8 hours
orally. After four weeks, he presented a practical norma‐
lization of the analytical values, so the calcium carbonate
was suspended, leaving only teriparatide 20 mcg sc
every 12 hours. In the following controls, the patient
presented analytical values of phosphocalcic metabo‐
lism compatible with normality until reaching the year
of treatment without presenting adverse effects, presen‐
ting a good tolerance of the drug with the 20 mcg/12h
dose (table 1).

DISCUSSION
Replacement treatment for chronic hypoparathyroi‐
dism with intact parathyroid hormone (PTH 1‐84) or
its active fraction (PTH 1‐34) represents a novel aspect
in managing this condition. The PTH 1‐84 molecule has
a complete clinical development (phases I, II, III, IV)
based on the REPLACE studies and FDA approval for its
use, while the management of chronic hypoparathyroi‐
dism with teriparatide lacks a similar clinical develop‐
ment, with only phase III studies to date. Knowledge
about its effects in the management of this disease is
based on results in series of patients with congenital
hypoparathyroidism. There are no clinical studies di‐
rectly comparing both molecules. In our case, teripara‐
tide dose escalation was necessary to maintain
calcaemia within target ranges, maintaining a replace‐
ment dose within the ranges described in the literature

Table 1. Evolution of the different parameters studied according to the prescribed treatment

Albumin
(mg/dL)

Ca
ajusted
albumin
(mg/dL)

Phosphate
(mg/dL)

Magnesium
(mg/dL)

FG
(mL/min/
1.73m2)

Treatment followed

Time

Calcium
(mg/dL)

Calcitriol 0.5 mcg daily + Calcium
carbonate 2 g/ 8h, + Magnesium salt
16 mEq/day

0

7.8

4.2

7.6

5.9

1.72

90

Teriparatide 20 mcg/24h SC +
Calcitriol at 0.25 mcg/day + Calcium
carbonate at 1 g every 8 hours +
Magnesium salt 4 mEq/day

1st
week

6.7

4.4

6.4

5.7

1.83

90

Teriparatide 20 mcg/12h SC +
Calcium carbonate at 1 g every
8 hours

5th
week

8.8

4.3

8.5

4.8

1.62

90

Teriparatide 20 mcg/12h SC

10th
week

9.1

4.3

8.8

4.5

1.68

90

Teriparatide 20 mcg/12h SC

Year

9.1

4.2

8.9

3.9

1.63

90
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(0.3‐0.8 mcg/kg/day). This dose escalation was also
seen in the REPLACE study for PTH 1‐84 (77% of pa‐
tients needed to increase the dose of PTH 1‐84 from 50
mcg daily to 75 or 100 mcg daily to achieve the primary
objective (reduction of the dose of calcitriol and cal‐
cium salts by 50%, maintaining good biochemical con‐
trol). Independence from conventional treatment is
also described with both molecules (43% of the pa‐
tients treated with PTH 1‐84 in the REPLACE study
were able to discontinue the treatment with calcitriol
maintaining calcium supplements providing less than
500 mg of elemental calcium per day).
Indeed, our patient responded well to treatment with
teriparatide that allowed us to progressively suspend
the calcitriol and magnesium salt treatment until finally
suspending calcium carbonate and maintaining a nor‐
malization of the analytical values, remaining only with
teriparatide 20 mcg sc every 12 hours. In the following
controls, the patient presented analytical values of phos‐

phocalcic metabolism compatible with normality until
reaching the year of treatment.
As a limitation of our study, we note that the effect of
teriparatide on calciuria in our patient has not been
quantified, an aspect of great clinical relevance in mana‐
ging these patients. Furthermore, the effects of teripa‐
ratide on bone and mineral density and markers of bone
remodeling have not been evaluated.

CONCLUSIONS
Teriparatide has been an effective option for the repla‐
cement treatment of chronic hypoparathyroidism using
a dose that corresponds to that described in the litera‐
ture (0.5 mcg/kg/day, divided into two doses). A latency
period has also been observed until the full effect of the
medication is reached, which has allowed us to comple‐
tely suspend the previous treatment, requiring frequent
monitoring and gradual de‐escalation of treatment with
calcitriol and calcium salts for adequate control.

Conflict of interests: The authors declare no conflict of interest.
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Summary
Objetive: In kidney patients, bone‐metabolic disease, systemic inflammation and malnutrition exacerbate the risk of
vascular calcification (VC) and morbidity and mortality. Given the strong association between VC and fragility fractures,
the objective of this study is to assess the contribution of the major determinants of VC to bone deterioration in patients
on peritoneal dialysis (PD).
Methods: In 31 non‐diabetic patients on PD (>6 months), markers of alterations in bone metabolism, vascular damage,
inflammation and malnutrition, and their impact on bone deterioration (radiological osteopenia and/or history of fra‐
gility fracture) were studied.
Results: In these patients (20 men and 11 women; age=54±15 and 60±11 years, respectively (p=0.24)), the prevalence
of fragility fractures was 5% in men and 27% in women. Bone deterioration was greater in older people, females, high
Charlson and Kauppila indexes, lower muscle mass and with expansion of a highly inflammatory subpopulation of im‐
mature low‐density granulocytes (iLDG). A logistic regression analysis showed that bone deterioration risk is more in‐
fluenced by the female sex than by age and that, of the multiple factors associated with greater bone deterioration
studied, only the expansion of iLDG estimates the risk of bone alterations in these patients regardless of age and sex.
Conclusion: The expansion of iLDG provides an accurate biomarker for the diagnosis of bone deterioration and to mo‐
nitor strategies that attenuate its progression in PD patients of any age and sex.
Key words: Fragility fractures, bone metabolism, vascular calcification, inflammation, cardiovascular risk, malnutrition.

INTRODUCTION
The concept of metabolic bone disease associated with
chronic kidney disease (CKD‐MBD, Chronic Kidney Di‐
sease‐Mineral and Bone Disorder) to refer to bone
abnormalities (osteodystrophy), laboratory (calcium,
P, vitamin D, parathyroid hormone –PTH–, fibroblast
growth factor 23 –FGF23– and Klotho) and vascular
(VC) or soft tissue calcification that occur in kidney pa‐
tients has been established since 2007 and converge in

an increase in cardiovascular risk (CVR), risk of frac‐
ture and, in short, an excess of morbidity and morta‐
lity1,2.
Chronic inflammation plays a very important role in
the development of vascular disorders in kidney pa‐
tients and previous studies identified the importance of
low‐density granulocytes (LDG) in vascular calcification
in dialysis patients compared to the control population3,
as well as in CVR of patients with lupus4.

Correspondence: Catalina Beatriz Ulloa Clavijo (catalinaulloac@hotmail.com)
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The association between vascular calcifications and
fragility fractures is established both in the general po‐
pulation and in kidney patients. Severe aortic calcifica‐
tion is associated with a greater number and severity of
fractures5. This is a worrying fact since cardiovascular
disease (CVD) is the primary cause of death in patients
with CKD, this being 15 to 30 times higher than that of
the general population when adjusted for age6. The pa‐
thophysiology of the so‐called “bone‐vessel axis” is com‐
plex and several factors are involved, including age,
malnutrition and systemic inflammation, a non‐traditio‐
nal CVR factor aggravated in kidney patients due to ac‐
celerated aging, with an increase in cells senescent that
promotes an inflammatory state that "synchronizes" the
deterioration of multiple organs and systems, conditio‐
ning the grouping of various degenerative diseases7.
In patients on peritoneal dialysis and hemodialysis,
there are changes in leukocyte subpopulations such as
decreases in angiogenic T cells (Tang), protectors of vas‐
cular homeostasis, increases in immuno‐senescent cells
(CD4+CD28null)8, as well as an aberrant expansion of a
subpopulation of immature low‐density granulocytes
(LDG CD14‐, CD16‐, CD15+) related to a greater propen‐
sity for VC in advanced CKD3.
The increase in bone fragility observed with age (se‐
nile/postmenopausal osteoporosis) develops indepen‐
dently of CKD. Thus, it can be present in patients with
CKD, with normal or slightly reduced renal function, and
even coexist with CKD‐MBD after being established.
Added to this is the effect of CKD itself on bone quality
and microstructure, previously defined as renal osteodys‐
trophy, together with factors associated with uremia that
some authors describe as uremic osteoporosis9. In addi‐
tion, to the usual risk factors for osteoporosis in the ge‐
neral population, disorders in nutritional status, physical
activity, the underlying disease itself and the taking of
drugs that interfere with bone metabolism are added in
CKD10.
In renal patients, the three factors frequently coexist:
malnutrition, inflammatory state and atherosclerosis,
known as MIA syndrome, with a great negative impact
on survival11. The evidence suggests that the decrease
in food intake and the increase in acute phase reactants
and inflammatory cytokines can be seen from early sta‐
ges of CKD12. The same happens with atherosclerosis13.
This combination results in marked cardiovascular da‐
mage that determines hospital admissions and morta‐
lity.
Our study is aimed at evaluating the contribution of
changes in some cell populations of the immune system
involved in vascular homeostasis and in other CV risk
factors, such as malnutrition, to bone deterioration in a
cohort of patients undergoing peritoneal dialysis.

PATIENTS, MATERIAL AND METHODS
Participants
We recruited 31 patients with CKD stage 5 over 18 years
of age, undergoing peritoneal dialysis (CKD5‐PD) at the
Nephrology Clinical Management Unit, Hospital Univer‐
sitario Central de Asturias (HUCA), Spain) who gave
their informed consent. Diabetic patients with a history
of cardiovascular events (abdominal aneurysm, inter‐
mittent claudication and previous carotid surgery), im‐
munosuppressive treatment, pregnancy, diagnosis of
immune‐mediated disease, cancer, diabetes mellitus, re‐
cent or current infections less than 3 months were ex‐

cluded. These exclusion criteria limited the ability to re‐
cruit patients, but they were chosen with the aim of
identifying early inflammatory mediators of vascular da‐
mage associated with PD and their possible impact on
bone health.
Lab tests
Blood samples were obtained by venipuncture. Automa‐
ted serum biochemical parameters, lipid analyzes and
complete blood counts were performed in the Laboratory
of Medicine (HUCA) with routine laboratory methods. Cir‐
culating Klotho levels were determined using an ELISA
assay (Ref. 27998, human soluble a‐Klotho; IBL Immuno‐
Bological Laboratories Co, JAPAN). For other determina‐
tions, serum or plasma samples were stored at ‐80°C until
further analysis. Residual renal function (RRF) defined
as mean urea and creatinine clearance ((CCr + CU)/2) in
24‐h urine >1 mL/min) was also assessed.
Analysis of cell populations of the immune system in
peripheral blood
Peripheral blood samples were immediately processed
for peripheral blood mononuclear cells (PBMC) by cen‐
trifugation (1900 rpm, 20 min) on Ficoll TM density gra‐
dients (Lymphosep, Biowest, Germany) for identification
of LDG. The CD4+CD28null population was analyzed di‐
rectly in peripheral blood samples.
PBMC were treated with FcR blocking reagent (Mil‐
teny Biotech, Germany) for 20 minutes at 4°C to prevent
nonspecific binding of antibodies to Fc receptors, follo‐
wed by incubation with CD14 FITC (Immunostep,
Spain), CD15 PE‐Cy7 (Milteny Biotech), CD16 APC‐Cy7
(BioLegend, Germany), CD4 PE (Immunostep) and CD28
APC‐Cy7 (Thermo Fischer, Germany) or corresponding
isotype control antibodies for 30 min at 4°C. After a
wash with PBS. Cell types were analyzed by flow cyto‐
metry on a Canto II Flow Cytometer (BD Biosciences)
equipped with FACS Diva 6.5 software. The identification
of leukocyte cell subpopulations was carried out
through the expression of their specific markers. Imma‐
ture LDGs were detected by their CD14‐, CD16‐, CD15+
LDG phenotype and their values are expressed as %
CD15+. Senescent CD4+ lymphocytes were identified by
their CD4+ CD28null phenotype and their values are ex‐
pressed as % of CD4+, according to the method descri‐
bed by Rodríguez‐Carrio et al.3.
Quantification of circulating cytokines
Circulating levels of IL‐10, IL‐6, IL‐2, TNF‐α, and IFN‐γ
were measured in serum samples using a multiplex
assay (BiolegendPlex, BioLegend), following the proto‐
col provided by the manufacturer. Detection limits were
1.2 pg/ml (IL‐10 and IL‐2) or 2.4 pg/ml (IL‐6, TNF‐α and
IFN‐γ).
Bone deterioration
Although only bone densitometry allows accurate quan‐
tification of bone mass, patients were stratified conside‐
ring bone deterioration by virtue of the presence of
radiological osteopenia and/or a history of fragility frac‐
ture. Plain scans of the dorsal and lumbar spine in lateral
projection were evaluated and osteopenia was defined
as the decrease in density of the vertebral body of the
central trabecular bone and of the horizontal trabecu‐
lae, since the vertical ones are affected in more severe
osteopenias, with the consequent highlighting of the
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cortices. Vertebral fractures were identified following
the Genant criteria. Peripheral fractures were confirmed
by medical report or review of radiographs. An expe‐
rienced radiologist carried out the scan readings.
Body composition
Body composition was assessed by electrical bioimpe‐
dance (BIA) using Fresenius Medical Care's BCM®, Body
Composition Monitor. Measurements were obtained at
a frequency of 50 Hz, with the patient in the supine po‐
sition and after draining the PD fluid. The software re‐
turned the data of resistance ®, reactance (Xc), total body
water (TBW), intracellular water (ICW), extracellular
water (ECW), ECW/TBW, liters (OH), lean tissue mass
(LTM Kg), lean tissue index (LTI Kg/m2), adipose tissue
mass (ATM, Kg), fat tissue index (FTI Kg/m2), body mass
index (BMI Kg/m2) and phase angle (PhA) at 50Hz
PhA is a bioelectrical measure of cellular health that is
calculated taking into account the state of hydration and
the degree of tissue cellularity; and, it constitutes a mar‐
ker of sarcopenia, oxidative stress, inflammation and vas‐
cular calcification in dialysis patients, and it is the BIA
parameter that best predicts survival in CKD14‐19.
Ethical statements
This study has been approved by the Institutional Re‐
view Committee (Regional Clinical Research Ethics Com‐
mittee, reference PI17/02181), in compliance with the
Declaration of Helsinki. All participants gave their written
informed consent before study inclusion.
Statistic analysis
The descriptive analysis is shown as percentages (%),
means (X) and standard deviations (SD). For the analysis
of the differences between the clinical and biochemical
parameters, and their association with vascular calcifi‐
cation, the statistical tests of T‐Student, Chi‐square test,
multiple logistic regression analysis and non‐parametric
tests ( U‐Mann Whitney) when necessary, with a confi‐
dence interval (CI) of 95% and considering a value of
p<0.05 as statistically significant. Statistical analysis was
carried out using SPSS 26.0 for Windows.

RESULTS
Our study included 31 patients, 20 men and 11 women,
aged 54±15 and 60±11 years, respectively (p=0.24). The
prevalence of fragility fractures was 5% in men and 27%
in women, all of them with vertebral fractures and, in
one of the patients, also with two peripheral fractures.
Table 1 shows the clinical parameters, analytical de‐
terminations of bone metabolism related to CKD, as well
as the nutritional and inflammatory parameters studied,
the etiology of CKD, medical treatments with metabolic‐
bone repercussions and the differences between pa‐
tients with or no bone loss. As expected, the patients
with bone deterioration were older, with a significant
predominance of women [26.32% men and 77.78%
women (p=0.01)], with a slightly higher Charlson Index
and with a lower LTI. No significant differences were
found between patients with or without bone deterio‐
ration in the analytical parameters linked to CKD‐MBD,
including PTH levels, except for soluble Klotho, which
was higher in patients with bone deterioration (p=0.03).
This lack of linkage may be due to the categorical and
inaccurate estimation of bone deterioration and, above
all, to the sample size. In addition, until 2017 the rele‐

vance of DXA in the systematic evaluation of patients
with CKD‐MBD was not included and it was not part of
the routine of clinical parameters, unlike the radiological
evaluation2.
Vitamin D deficiency/insufficiency is notable in both
groups. The mean values of 25‐hydroxy‐vitamin D in pa‐
tients supplemented with nutritional vitamin D (38.7%)
were 8.4 [6.8, 18.3] ng/ml, compared to 9.3 [5.4, 15]
ng/ml in those not supplemented, both levels in the
range of vitamin D deficiency (<20 ng/ml). In 48.4% of
the patients receiving active vitamin D (calcitriol or pa‐
ricalcitol), the mean vitamin D values were 9.3 [5.4,
12.4] ng/ml, similar to that of the group of patients sup‐
plemented with nutritional vitamin D.
As for quantification of vascular calcifications, the
Kauppila index was 6 times higher in patients with bone
deterioration (p<0.01).
Regarding nutritional parameters, no significant dif‐
ferences were observed in the levels of total protein, al‐
bumin, PhA, phase angle or BMI. Only the LTI was lower
in patients with bone deterioration.
Of all the leukocyte cell subpopulations studied, a sig‐
nificant elevation was only observed in the population
of immature LDG CD14‐, CD16‐, CD15+ LDG in the group
of patients with bone deterioration and, although there
was a trend towards higher values in CD4+ CD28null
lymphocytes , did not reach statistical significance.
Regarding the etiology of CKD and the medical treat‐
ments they were receiving at the time of the study, no
differences were found between the patients associated
with bone deterioration.
In the logistic regression analysis analyzing bone de‐
terioration as a dependent variable with respect to age
and sex, it was the female sex (OR 10.41; 95% CI: 1.52‐
119.30; p=0.03) variable with greater weight, while age
was at the limit of significance (OR 1.09; 95% CI: 1.01‐
1.22; p=0.05).
When the independent contribution of each of the
identified risk parameters to bone deterioration was
analyzed, adjusting for age and sex, only immature LDG
(LDG CD14‐, CD16‐, CD15+) turned out to be indepen‐
dent predictors both in raw data and adjusted for age,
by sex and by both together (table 2). It should be noted
that no differences in circulating neutrophils were ob‐
served between patients with or without bone deterio‐
ration. The CD14‐, CD16‐, CD15+ LDG immature LDG
subset also did not correlate with absolute neutrophil
counts (p>0.05, data not shown).
It is also important to note that all the changes in the
differentially expressed parameters in patients with
bone deterioration, such as the increases in the Charlson
or Kauppila Index and in the density of immature LDG
CD14‐, CD16‐, CD15+ LDG, as well as the LTI are corre‐
lated significantly with age (r=0.68, p=0.00; r=0.48,
p=0.01; r=0.36, p=0.04; r=‐0.40, p= 0.02) (figure 1).

DISCUSSION
This study shows for the first time the association bet‐
ween the expansion of a subpopulation of immature
LDG CD14‐, CD16‐, CD15+ LDG and bone deterioration
in peritoneal dialysis patients. These increases had been
previously linked to a greater propensity for vascular
calcification.
The number of patients included, although it may seem
small, was highly conditioned by the exclusion criteria
aimed at selecting patients in whom early markers of in‐
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Table 1. Clinical, CKD-MBD, nutritional and immunological characteristics in patients with CKD5-DP, discriminated by the
presence or absence of bone deterioration
Yes
N=14 (45.2%)

No
N=17 (54.8%)

p
value

5/9

15/2

0.02

62.6 (9.5)

51.9 (15.3)

0.02

6 [3, 7]

4 [2, 6]

ns

18 [11, 32]

15 [9, 48]

ns

12/2

12/5

ns

Calcium, mmol/L (mean (SD))

2.18 (0.18)

2.18 (0.17)

ns

Phosphorus, mmol/L (mean (SD))

1.69 (0.35)

1.64 (0.42)

ns

0.81 [0.77, 0.95]

0.87 [0.67, 1.01]

ns

PTH, pg/mL (median [IQR])

386 [230, 453]

300 [214, 600]

ns

Vitamin D 25 OH, ng/mL (median [IQR])

10.1 [5,1, 18,6]

8 [6, 13]

ns

Clinical parameters
Gender (M/F)
Age (years) (mean (SD))
Charlson Index (median [IQR])
Time on dialysis (months)(median [IQR])
Residual renal function (Yes/No)
CKD-MBD

Magnesium, mmol/L (median [IQR])

Alkaline phosphatase, U/L (median [IQR])

106 [81, 143]

89 [71, 127]

ns

Klotho, pg/mL (median [IQR])

1.79 [0.82, 2.83]

0.79 [0.64, 1.20]

0.03

Kauppila Index (median [IQR])

6 [1, 16]

0 [0, 4]

<0.01

Total protein, mg/dl (mean (SD))

63 (6)

63 (7)

ns

Albumin, mg/dl (mean (SD))

37 (3)

36 (5)

ns

Nutritional parameters

2

LTI, Kg/m (median [IQR])

13.1 [11.4, 17]

16.3 [14.5, 18.5]

0.04

FTI, Kg/m2 (mean (SD))

14.8 (8.3)

10.1 (6.7)

ns

Phase angle, º (mean (SD))

4.9 (1.1)

5.6 (1.1)

ns

BMI Kg/m2, (mean (SD))

28.6 (7.1)

27.1 (5.4)

ns

Inflammatory parameters
CRP, mg/dl (median [IQR])

0.3 [0.1, 1.7]

0.3 [0.1, 0.7]

ns

IFN γ, pg/mL (median [IQR])

7.33 [3.80, 15.50]

7.82 [5.88, 11.19]

ns

TNFa, pg/mL (median [IQR])

8.13 [4.13, 13.07]

8.50 [7.76, 12.48]

ns

IL‐2, pg/mL (median [IQR])

1.60 [1.32, 2.30]

1.52 [1.26, 1.91]

ns

11.26 (5.09)

11.31 (9.01)

ns

IL‐6, pg/mL (mean (SD))
IL‐10, pg/mL (median [IQR])

1.71 [1.36, 2.30]

1.91 [1.36, 4.78]

ns

CD4+CD28null, % CD4+ (mean (SD))

10.88 (4.53)

8.02 (2.97)

ns

Tang, % lymphocytes (mean (SD))

1.65 (0.69)

1.96 (0.71)

ns

Immature LDG[log], % CD15+ (mean (SD))

‐0.44 (0.4)

‐0.12 (0.4)

<0.01

DEFA3 [log] (mean (SD))

0.07 (0.41)

‐0.12 (0.67)

ns

Glomerular, %

50%

23.5%

ns

Interstitial nephritis, %

0%

5.9%

ns

14.29%

35.29%

ns

0%

11.76%

ns

Etiology

Unaffiliated, %
Others, %
Pyelonephritis, %

0%

5.88%

ns

PQHR, %

14.29%

11.76%

ns

Nephroangiosclerosis, %

21.43%

5.88%

ns

38%

41.1%

ns

Treatments
Nutritional vitamin D
Active vitamin D

50%

47%

ns

Cinacalcet

35.7%

29.4%

ns

Phosphorus binders

64.28%

47%

ns

Corticosteroids

17.6%

18.75%

ns

The variables are expressed as mean±SD, %. The differences were analyzed using the Student's t, Mann‐Whitney's U or chi 2 tests according to
the normal or non‐normal distribution in the analyzed variable. PTH: parathormone; LTI: lean tissue index; FTI: fat tissue index; BMI: body
mass index; IFN γ: interferon gamma; TNFa: tumor necrosis factor alpha; IL: interleukins; CD4+ CD28null: senescent cells; Tang: angiogenic T
cells; Immature LDG [log]: immature low‐density granulocytes: logarithmic transformation; DEFA3[log]: defensin 3: logarithmic transformation;
PQHR: hepatorenal polycystosis. Significant values are highlighted in bold.
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Table 2. Risk factors for bone deterioration adjusted for age and sex in patients with CKD5-PD
Adjusted
for age

Raw analysis

Adjusted
for sex

Adjusted
for age and sex

Odds ratio
[95% IC]

p

Odds ratio
[95% IC]

p

Odds ratio
[95% IC]

p

Odds ratio
95% IC]

p

Charlson Index

1.4 [0.97‐2.01]

0.07

1.13 [0.71‐1.82]

0.60

1.52 [0.96‐2.41]

0.07

1.22 [0.68‐2.21]

0.50

Kauppila score

1.52 [0.96‐2.41]

0.07

1.05 [0.93‐1.17]

0.44

1.11 [0.98‐1.25]

0.10

1.06 [0.93‐1.21]

0.39

1 [0.93‐1.07]

0.92

1 [0.93‐1.07]

0.94

0.99 [0.91‐1.07]

0.78

0.99 [0.91‐1.07]

0.78

LDGi [log]

8.57 [2.58‐52.39]

0.00

10.5 [2.5‐92.5]

0.01

13.21 [2.71‐179.6]

0.01

15.6 [2.6‐300.2]

0.02

CD4+ CD28null

1.27 [0.97‐1.68]

0.08

1.14 [0.84‐1.54]

0.39

1.31 [0.96‐1.79]

0.09

1.18 [0.84‐1.66]

0.33

Sex

13.5 [2.15‐84.69]

0.00

15.63 [2.01‐121.47]

0.01

Age

1.07 [1‐1.15]

0.04

1.09 [0.99‐1.19]

0.07

LTI

Logistic regression analysis between each of the risk factors for bone damage without adjustment or adjusted for age, sex or age and sex.
CI: confidence interval; p: statistical significance; LTI: lean tissue index; LDG [log]: immature low‐density granulocytes CD14‐, CD16‐, CD15+:
logarithmic transformation; CD4+ CD28null: senescent T lymphocytes. Significant values are highlighted in bold.

flammation and their role in VC pathogenesis and bone
deterioration could be determined, without interference
from other factors processes or in advanced stages.
Regarding the general characteristics of the study po‐
pulation, the distribution by sex is similar to the general
distribution of dialysis patients (2/3 men and 1/3
women)20. As might be expected, bone deterioration,
despite being a qualitative variable, was predominant in
females, as was the higher prevalence of fractures.
The risk of fracture increases as chronic kidney disease
(CKD) progresses and the type of renal replacement the‐
rapy (RRT) influences its behavior. Patients with CKD G3‐
G5, those on dialysis (G5D) and those who are kidney
transplant recipients have a fracture incidence of 2 to 100
times higher than the general population of the same age
and sex2. Thus, the incidence of fractures triples in hemo‐
dialysis (HD) and doubles in peritoneal dialysis (PD)
when compared to renal transplantation21. In fact, it has
been seen that vertebral fractures are prevalent in up to
a quarter of patients on HD22 and a meta‐analysis showed
that HD increases the risk of hip fracture by 60% when
compared to PD23.
In our study, 13% of PD patients presented fragility
fractures, being mostly women (75%). The same in‐
fluence of sex was seen when assessing osteopenia. By
grouping fractures and osteopenia under the term “bone
deterioration”, we found that this was three times higher
in women, although they represented only a third of the
participants. Female sex is known to be a predictive fac‐
tor for fracture24. In the study carried out by Naylor et
al. During 3 years of follow‐up, it was seen that up to
10% of women and 5% of men with CKD stage 5 had at
least one fracture25.
Along with gender, age was also different among pa‐
tients with bone deterioration, 10 years more, similar to
the DOPPS study data26. However, Maravic et al. showed
that women on dialysis who present hip fracture are
younger than the general population24. This fact reinfor‐
ces the concept that CKD is a conditioning factor for de‐
veloping early aging that includes the skeleton.
In the general population and in PD, comorbidity has
been associated with the risk of fracture27. Patients who
had bone deterioration presented a higher Charlson
Index, these findings being prevalent in men.

On the other hand, the prevalence of malnutrition in PD
patients is up to 56%28. It has been seen that protein mal‐
nutrition predominates in them as a result of low intake,
protein loss through dialysis fluid and increased protein ca‐
tabolism,which in turn leads to adynamic bone disease29.
In dialysis units, BIA use is becoming more frequent to
assess our patients’ nutritional status. We are mainly in‐
terested in lean mass, since the association between sar‐
copenia and osteoporosis, called "sarco‐osteoporosis"30,
is known. The risk of fractures is greater due to the risk
of falls that conditions the weakness induced by sarcope‐
nia31,32. Our study concurs with research showing that the
lower the lean tissue index, the greater bone deteriora‐
tion, primarily in men. Verschueren et al. studied 679
men, among whom 11.9% had sarcopenia and a 3‐fold
higher risk of developing osteoporosis33.Therefore, it
would be worthwhile to encourage the more widespread
use of BIA measurements in nephrology consultations
from early stages of CKD.
In our study, the elevated Kauppila Index in patients with
bone deterioration is consistent with the concept that bone
demineralization is associated with vascular mineralization.
However, the Kauppila Index did not have an independent
contribution of age and sex as a possible determining factor
of bone deterioration. There was also no evidence of an as‐
sociation between bone deterioration and markers of bone
metabolic activity, in line with other studies where only PTH
was weakly associated with the risk of fractures in dialysis
patients27,34. Interestingly, soluble Klotho was higher in
those with bone deterioration. Although the precise effect
of Klotho on bone is unknown, it is known that deletion of
the Klotho gene exclusively in osteocytes increases, rather
than decreases, the rate of bone formation35,36. The impact
of local actions of soluble Klotho is an area of great interest
in nephrology, but still with many limitations due to the va‐
riability among commercial assays available to quantify cir‐
culating levels of Klotho. Given the anti‐inflammatory and
anti‐aging actions of circulating Klotho, it would be impor‐
tant to confirm whether changes in blood levels have a fa‐
vorable influence on attenuating leukocyte actions that
affect the propensity for bone deterioration and CV. At this
time, the favorable impact of increases in soluble Klotho on
immune, renal, and vascular protection has been demons‐
trated only experimentally.
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Figure 1. Association of age and sex with risk factors for bone deterioration in patients with CKD5-PD
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Dispersion graphic. The correlation of age and sex with A) LDG: immature low‐density granulocytes, B) Charlson Index, C) LTI, lean tissue
index, and, D) Kauppila Index is shown. Each circle represents a study subject.

The clearly deficient vitamin D status and similar levels
of 25‐hydroxy‐vitamin D among the patients who received
or not supplementation, with respect to those treated with
active metabolites, reflect the scant concern of nephrolo‐
gists regarding the importance of correcting vitamin D de‐
ficiency in kidney patients, correction impossible to
achieve with the administration of active vitamin D. The
levels of 25‐hydroxy‐vitamin D in patients receiving these
treatments rule out a possible induction of the degrada‐
tion of nutritional vitamin D due to excessive doses of the
active form37 (table 1).
Of the most commonly used immune cell subpopula‐
tions to assess vascular damage, only exacerbated expan‐
sion of immature LDG CD14‐, CD16‐, CD15+ LDG was
associated with bone deterioration. In the context of
systemic inflammation, it has been shown that immature
CD14‐, CD16‐, CD15+ LDGs are released early from the
bone marrow through transcortical vessels when there
are increases in osteoclast‐mediated bone resorption38.
Although CD14‐, CD16‐, CD15+ immature LDGs are a
minor fraction of neutrophils, in a study of 2586 men, in‐
dividuals with lower bone mineral density (BMD) had
higher neutrophil counts,suggesting an inverse associa‐
tion between bone health and rate of granulopoiesis39. In
fact, Terraciano et al found that postmenopausal women
with low BMD had high concentrations in saliva of a type
of defensin released by neutrophils called DEFA140.
The contribution of increases in circulating immature
LDG CD14‐, CD16‐, CD15+ LDG to the degree of vascular
calcification in patients on peritoneal dialysis and hemo‐

dialysis, also demonstrated the usefulness of measure‐
ments of the levels of messenger RNA of defensin 3
(DEFA3) in leukocytes circulating mononuclear cells, as
an accurate marker of early granulopoiesis with expan‐
sion of immature LDGs LDG CD14‐, CD16‐, CD15+3. Ho‐
wever, in the latter, defensin 3 messenger RNA levels are
not associated with greater bone deterioration.

LIMITATIONS
Our study’s greatest limitation is that bone deterioration
was not evaluated with the gold standard, DXA, but by
the presence of radiological osteopenia and/or fragility
fractures. Thus, the result was a categorical variable,
with less capacity to show a gradation of effects.
In addition, the small sample size due to the exclu‐
sion criteria, although it is appropriate to determine
early effects and not interference due to other processes
that alter immunity, may limit the real quantification of
the influence of other variables.

CONCLUSIONS
The most important contribution of this study is the de‐
monstration of the usefulness of measurements of the
circulating density of immature LDG CD14‐, CD16‐,
CD15+ in estimating bone deterioration regardless of
the patient’s age and sex. This makes circulating imma‐
ture LDG CD14‐, CD16‐, CD15+ LDG an early marker of
bone disorders in kidney patients that could allow a pro‐
active attitude to be taken both in diagnosis and in deci‐
sion‐making to attenuate its progression.
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Our study is in sync with current knowledge that
bone deterioration is greater in elderly people, females,
with a high Charlson Index, and in those with less mus‐
cle mass. On the other hand, we realize that it may open
new avenues to deepen research into the pathogenic
mechanisms of CKD‐MBD in earlier stages of CKD, with
a larger sample of patients and using DXA for an ade‐
quate validation of these findings.

000152, IDI-2021-000080), Fundación Renal Iñigo
Álvarez de Toledo (FRIAT). Julia Martín-Vírgala was
supported by a graduate fellowship from the Ministerio de Ciencia, Innovación y Universidades (FPU
program) and she has also received funding from a
2022 FEIOMM mobility grant. Natalia Carrillo-López
was supported by IDI-2018-000152 and IDI-2021000080.

Funding: This study has been funded by Instituto de
Salud Carlos III through the projects "PI14/01452,
PI17/02181 and PI19/00532" (Co-funded by European Regional Development Fund/European Social
Fund "A way to make Europe"/"Investing in your future"), the ISCIII Retic REDinREN (RD16/0009/0017)
and RICORS2040 (Kidney Disease), Plan de Ciencia,
Tecnología e Innovación 2013-2017 y 2018-2022 del
Principado de Asturias (GRUPIN14-028, IDI-2018-

Acknowledgments: Special acknowledgment to doctors Esmeralda Castelblanco, Washington University
School of Medicine, St. Louis, Missouri, USA; and,
José Luis Fernández-Martín, Bone Metabolism Research Unit, Hospital Universitario Central de Asturias, Instituto de Investigación Sanitaria del
Principado de Asturias (ISPA), Oviedo, Spain, for
their contribution to the statistical analysis of the
data in this study.

Conflict of interests: The authors declare no conflict of interest.

9

114

Ulloa-Clavijo C, Gómez-Alonso C, Fernández-Mariño B, Rodríguez-Carrio J, Carrillo-López N, Sobrino-Díaz L, et al.

ORIGINALS

Rev Osteoporos Metab Miner. 2022;14(4):107-114

Bibliography
1.

2.

3.

4.

5.
6.

7.

8.

9.
10.

11.

12.

13.
14.

Moe S, Drüeke T, Cunningham J, Good‐
man W, Martin K, Olgaard K, et al. De‐
finition, evaluation, and classification
of renal osteodystrophy: a position
statement from Kidney Disease: Im‐
proving Global Outcomes (KDIGO).
Kidney Int. 2006 Jun;69(11):1945‐53.
Moe SM, Nickolas TL. Fractures in Pa‐
tients with CKD: Time for Action. Clin
J Am Soc Nephrol. 2016 Nov 7;11(11):
1929‐31.
Rodríguez‐Carrio J, Carrillo‐López N,
Ulloa C, Seijo M, Rodríguez‐García M,
Rodríguez‐Suárez C, et al. A subset of
low density granulocytes is associated
with vascular calcification in chronic
kidney disease patients. Sci Rep. 2019
Sep 13;9(1):13230.
López P, Rodríguez‐Carrio J, Martínez‐
Zapico A, Pérez‐Álvarez ÁI, Suárez‐Díaz
S, Mozo L, et al. Low‐density granulocy‐
tes and monocytes as biomarkers of car‐
diovascular risk in systemic lupus
erythematosus. Rheumatology (Oxford).
2020 Jul 1;59(7):1752‐64.
Szulc P. Vascular calcification and frac‐
ture risk. Clin Cases Miner Bone
Metab. 2015 Aug;12(2):139‐41.
Tonelli M, Wiebe N, Culleton B, House
A, Rabbat C, Fok M, et al. Chronic kid‐
ney disease and mortality risk: a
systematic review. J Am Soc Nephrol.
2006 Jul;17(7):2034‐47.
Farr JN, Xu M, Weivoda MM, Monroe
DG, Fraser DG, Onken JL, et al. Targe‐
ting cellular senescence prevents age‐
related bone loss in mice. Nat Med.
2017 Sep;23(9):1072‐9.
Rodríguez‐Carrio J, Carrillo‐López N,
Ulloa C, Martín‐Carro B, Rodríguez‐Suá‐
rez C, Naves‐Díaz M, et al. Novel Im‐
mune Cell Subsets Exhibit Different
Associations With Vascular Outcomes
in Chronic Kidney Disease Patients‐
Identifying Potential Biomarkers. Front
Med (Lausanne). 2021;8:618286.
Kazama JJ, Iwasaki Y, Fukagawa M.
Uremic osteoporosis. Kidney Int Suppl
(2011). 2013 Dec;3(5):446‐50.
Bover J, Ureña‐Torres P, Cozzolino M,
Rodríguez‐García M, Gómez‐Alonso C.
The Non‐invasive Diagnosis of Bone
Disorders in CKD. Calcif Tissue Int.
2021 Apr;108(4):512‐27.
Stenvinkel P, Heimbürger O, Lindholm
B, Kaysen GA, Bergström J. Are there
two types of malnutrition in chronic
renal failure? Evidence for relations‐
hips between malnutrition, inflamma‐
tion and atherosclerosis (MIA
syndrome). Nephrol Dial Transplant.
2000 Jul;15(7):953‐60.
Eustace JA, Astor B, Muntner PM, Ikiz‐
ler TA, Coresh J. Prevalence of acidosis
and inflammation and their associa‐
tion with low serum albumin in chro‐
nic kidney disease. Kidney Int. 2004
Mar;65(3):1031‐40.
Wanner C, Amann K, Shoji T. The heart
and vascular system in dialysis. Lan‐
cet. 2016 Jul 16;388(10041):276‐84.
Tomeleri CM, Cavaglieri CR, de Souza
MF, Cavalcante EF, Antunes M, Nab‐
buco HCG, et al. Phase angle is related

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

with inflammatory and oxidative
stress biomarkers in older women. Ex‐
perimental Gerontology. 2018 Feb
1;102:12‐8.
Barrea L, Muscogiuri G, Pugliese G,
Laudisio D, de Alteriis G, Graziadio C,
et al. Phase Angle as an Easy Diagnostic
Tool of Meta‐Inflammation for the Nu‐
tritionist. Nutrients. 2021 Apr 24;13
(5):1446.
Do JY, Kim AY, Kang SH. Association
Between Phase Angle and Sarcopenia
in Patients Undergoing Peritoneal
Dialysis. Front Nutr. 2021 Sep 24;8:
742081.
Huang Y, Ge Y, Li F, Zhang C, Zhang Z, Xu
N, et al. Elucidating the relationship bet‐
ween nutrition indices and coronary ar‐
tery calcification in patients undergoing
maintenance hemodialysis. Ther Apher
Dial. 2022 Feb;26(1):71‐84.
Sarmento‐Dias M, Santos‐Araújo C, Po‐
ínhos R, Oliveira B, Sousa M, Simões‐
Silva L, et al. Phase Angle Predicts
Arterial Stiffness and Vascular Calcifica‐
tion in Peritoneal Dialysis Patients. Perit
Dial Int. 2017 Aug;37(4):451‐7.
Piccoli A. Identification of operational
clues to dry weight prescription in he‐
modialysis using bioimpedance vector
analysis. The Italian Hemodialysis‐
Bioelectrical Impedance Analysis (HD‐
BIA) Study Group. Kidney Int. 1998
Apr;53(4):1036‐43.
Gorostidi M, Sánchez‐Martínez M, Rui‐
lope LM, Graciani A, de la Cruz JJ, Santa‐
maría R, et al. Prevalencia de enfermedad
renal crónica en España: impacto de la
acumulación de factores de riesgo car‐
diovascular. Nefrología. 2018 Nov 1;38
(6):606‐15.
Dey V, Farrah TE, Traynor JP, Spalding
EM, Robertson SE, Geddes CC.
Symptomatic fracture risk in the renal
replacement therapy population.
Nephrol Dial Transplant. 2017 Jul
1;32(7):1211–6.
Rodríguez‐García M, Gómez‐Alonso C,
Naves‐Díaz M, Diaz‐Lopez JB, Diaz‐
Corte C, Cannata‐Andía JB, et al. Vas‐
cular calcifications, vertebral fractures
and mortality in haemodialysis pa‐
tients. Nephrol Dial Transplant. 2009
Jan;24(1):239‐46.
Boonpheng B, Thongprayoon C, Mao
MA, Wijarnpreecha K, Bathini T, Kaew‐
put W, et al. Risk of hip fracture in pa‐
tients on hemodialysis versus peritoneal
dialysis: A meta‐analysis of observatio‐
nal studies. J Evid Based Med. 2019
May;12(2):98‐104.
Maravic M, Ostertag A, Torres PU, Cohen‐
Solal M. Incidence and risk factors for hip
fractures in dialysis patients. Osteoporos
Int. 2014 Jan;25(1): 159‐65.
Naylor KL, McArthur E, Leslie WD,
Fraser LA, Jamal SA, Cadarette SM, et
al. The three‐year incidence of frac‐
ture in chronic kidney disease. Kidney
Int. 2014 Oct;86(4):810‐8.
Tentori F, McCullough K, Kilpatrick RD,
Bradbury BD, Robinson BM, Kerr PG,
et al. High rates of death and hospita‐
lization follow bone fracture among

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

hemodialysis patients. Kidney Int.
2014 Jan;85(1):166‐73.
Ma MKM, Yap DYH, Yip TPS, Lui SL, Lo
WK. Charlson co‐morbidity index and
albumin significantly associated with
fracture risk in peritoneal dialysis pa‐
tients. Nephrology (Carlton). 2013
May;18(5):365‐8.
Dombros NV. Pathogenesis and mana‐
gement of malnutrition in chronic pe‐
ritoneal dialysis patients. Nephrol Dial
Transplant. 2001;16 Suppl 6:111‐3.
Guerrero‐Riscos MA. Nutrición y diálisis
adecuada en diálisis peritoneal. Revista
de la Sociedad Española de Enfermería
Nefrológica. 1999;2(1)6‐17.
Li G, Zhang L, Wang D, AIQudsy L,
Jiang JX, Xu H, et al. Muscle‐bone
crosstalk and potential therapies for
sarco‐osteoporosis. J Cell Biochem.
2019 Sep;120(9):14262‐73.
Jamal SA, Leiter RE, Jassal V, Hamilton
CJ, Bauer DC. Impaired muscle strength
is associated with fractures in hemo‐
dialysis patients. Osteoporos Int. 2006;
17(9):1390‐7.
Molina P, Carrero JJ, Bover J, Chauveau
P, Mazzaferro S, Torres PU, et al. Vita‐
min D, a modulator of musculoskeletal
health in chronic kidney disease. J Ca‐
chexia Sarcopenia Muscle. 2017 Oct;8
(5):686‐701.
Verschueren S, Gielen E, O’Neill TW,
Pye SR, Adams JE, Ward KA, et al. Sar‐
copenia and its relationship with bone
mineral density in middle‐aged and el‐
derly European men. Osteoporos Int.
2013 Jan;24(1):87‐98.
Danese MD, Kim J, Doan QV, Dylan M,
Griffiths R, Chertow GM. PTH and the
Risks for Hip, Vertebral, and Pelvic
Fractures Among Patients on Dialysis.
American Journal of Kidney Diseases.
2006 Jan 1;47(1):149‐56.
Moysés RMA, Dusso A. Is osteocyte
Klotho bad for bone health? Kidney In‐
ternational. 2017 Sep 1;92(3):540–3.
Komaba H, Kaludjerovic J, Hu DZ, Na‐
gano K, Amano K, Ide N, et al. Klotho ex‐
pression in osteocytes regulates bone
metabolism and controls bone forma‐
tion. Kidney Int. 2017 Sep;92(3):599‐
611.
Dusso AS, Bauerle KT, Bernal‐Mizrachi
C. Non‐classical Vitamin D Actions for
Renal Protection. Front Med (Lau‐
sanne). 2021;8:790513.
Grüneboom A, Hawwari I, Weidner D,
Culemann S, Müller S, Henneberg S, et
al. A network of trans‐cortical capilla‐
ries as mainstay for blood circulation
in long bones. Nat Metab. 2019
Feb;1(2):236‐50.
Valderrábano RJ, Lui LY, Lee J, Cum‐
mings SR, Orwoll ES, Hoffman AR, et
al. Bone Density Loss Is Associated
with Blood Cell Counts. J Bone Miner
Res. 2017 Feb;32(2):212‐20.
Terracciano R, Migliaccio V, Savino R,
Pujia A, Montalcini T. Association bet‐
ween low bone mineral density and
increased α‐defensin in salivary fluid
among postmenopausal women. Me‐
nopause. 2013 Dec;20(12):1275‐9.

115

ORIGINALS
Rev Osteoporos Metab Miner. 2022;14(4):115-124

Delphi Consensus on Therapeutic Strategies and
Health Prevention of hypovitaminosis D
DOI: http://dx.doi.org/10.4321/S1889-836X2022000300004en

Aguilar del Rey J*, Jódar Gimeno E1, Brañas F2, Gómez Alonso C3, González Lama Y4, Malouf-Sierra J5,
Sánchez Borrego R6, Segura de la Morena J7, Suárez Pérez JA8, Valdés y Llorca C9
** Bone Metabolism Unit. Rheumatology Service. Virgen de la Victoria University Hospital. Malaga (Spain)
1 Head of Department of Endocrinology and Nutrition (H.U. Quirón Madrid, Ruber JB, San José). Faculty of Health Studies. European University (Spain)
2 Geriatric Service. University Hospital Infanta Leonor Madrid. Complutense University of Madrid (Spain)
3 Bone Metabolism Clinical Management Unit. Central University Hospital of Asturias. ISPA. University of Oviedo (Spain)
4 Inflammatory Bowel Disease Unit Digestive System Service. Puerta de Hierro University Hospital. Majadahonda. Madrid (Spain)
5 Mineral Metabolism Unit. Department of Internal Medicine. Hospital of Santa Creu i Sant Pau. Autonomous University of Barcelona (Spain)
6 Specialist in Gynecology and Obstetrics. Diatros, Women's Care Clinic. Barcelona (Spain)
7 Nephrology Department. University Hospital October 12. Madrid (Spain)
8 Dermatology Service. Virgin of Victory Hospital. Malaga (Spain)
9 Specialist in Family and Community Medicine Health Studies. DA NORTE SERMAS. Fuencarral (Spain)

Date of receipt: 09/12/2021 - Date of acceptance: 20/06/2022

Summary
Background: The high prevalence of hypovitaminosis D in Spain is considered a genuine epidemic with crucial health im‐
plications due to the multiple functions that vitamin D exerts both at the skeletal and extraskeletal levels. In order for people
with insufficiency or deficiency in vitamin D to reach the most adequate serum levels, they must receive vitamin D supple‐
ments. This study was carried out to evaluate whether, in routine clinical practice, hypovitaminosis D management was
done in accordance with international recommendations established by scientific societies.
Methods: Two rounds of a Delphi questionnaire were carried out among a panel formed by experts who regularly pres‐
cribe vitamin D.
Results: In general, the physicians on the panel recognized the high prevalence of hypovitaminosis D in Spain, the need
for screening in the different risk groups and the benefits of supplementation in patients with insufficient or deficient
vitamin D. However, no consensus was reached on some of the statements related to vitamin D quantification methods
or recommendations for managing hypovitaminosis D.
Conclusions: The lack of agreement for some of the items revealed the need to carry out training actions aimed at pro‐
viding adequate and updated knowledge about the scientific evidence and recommendations for the clinical practice of
vitamin D supplementation.
Key words: Delphi consensus, vitamin D supplementation, vitamin D, hypovitaminosis D, skeletal and extraskeletal
actions.

INTRODUCTION
Vitamin D is an essential hormone for skeletal metabo‐
lism, since it regulates the absorption of calcium and
phosphorus at the intestinal level and bone remode‐
ling1,2. In addition, some studies suggest that vitamin D
performs other multiple functions at the extraskeletal
level, acting as a protector against diseases such as can‐
cer, inflammatory and autoimmune diseases, diabetes
and cardiovascular diseases1‐4.
The main source of vitamin D is synthesis at the skin
level by the action of ultraviolet B rays (UVB) on its pre‐
cursor2, giving rise to cholecalciferol or vitamin D3. Ano‐

ther less important source of cholecalciferol is found in
food, mainly fish, eggs and dairy products. Regardless of
its origin, cholecalciferol must be hydroxylated in the
liver, becoming 25‐hydroxyvitamin D3 [25(OH)D] or cal‐
cifediol and, subsequently in a highly regulated manner,
in the kidney to give rise to the active metabolite, 1, 25‐
dihydroxyvitamin D3 [1,25(OH)2D] or calcitriol1.
Serum levels of 25(OH)D offer the best biomarker to
assess vitamin D levels, since its plasma concentration
and half‐life are higher than those of 1,25(OH)2D2. Ho‐
wever, there is no clear consensus on the optimal levels
of 25(OH)D in serum3.

Correspondence: Francisco Javier Aguilar del Rey (fjaguilarrey@gmail.com)

9

116

Aguilar del Rey J, Jódar Gimeno E, Brañas F, Gómez Alonso C, González Lama Y, Malouf-Sierra J, et al.

ORIGINALS

Rev Osteoporos Metab Miner. 2022;14(4):115-124

Recent observational studies have revealed a high
prevalence of hypovitaminosis D worldwide5, associated
with an increased risk of skeletal and extraskeletal disea‐
ses, due to the multiple functions of vitamin D.
In Spain, the prevalence of vitamin D deficiency is at
least 80% among people over 65 years of age and up to
40% in the population under 656, despite the high de‐
gree of sunshine available, which should facilitate
synthesis of vitamin D. Therefore, hypovitaminosis D has
become a recognized epidemic with important health
implications, so that a large portion of the population
could benefit from vitamin D supplements.
In order to determine if hypovitaminosis D is diagno‐
sed, treated and prevented in accordance with interna‐
tional recommendations and scientific evidence, current
clinical practice of vitamin D supplementation has been
analyzed based on the knowledge of those physicians
who regularly prescribe supplementation.

MATERIAL AND METHODS
The data presented in this study were obtained using
the Delphi method7. To do so, our scientific committee
prepared a questionnaire that was completed by a panel
of experts made up of doctors from different specialties
and geographical areas, those who regularly prescribe
of calcifediol and/or cholecalciferol. After two rounds of
circulation of the survey, the scientific committee met to
collect, analyze and discuss the results.
Preparation of the questionnaire
Based on the current knowledge of hypovitaminosis D
and its clinical consequences, as well as therapeutic and
prevention strategies and diagnostic methods, the mul‐
tidisciplinary scientific committee identified a total of
73 variables related to hypovitaminosis D and divided
into 4 thematic blocks:
1. Vitamin D and general health (21 items)
2. Evaluation of vitamin D deficiency (26 items)
3. Treatment with vitamin D according to the
patient's profile (19 items)
4. Differences between supplements (7 items)
Expert panel
The project was directed by a scientific committee of 10
vitamin D experts from different areas of specialization:
endocrinology, rheumatology, nephrology, gynecology,
internal medicine, primary care, dermatology, digestive
and geriatrics.
In all, 180 specialists were invited to participate in
the study, having fulfilled the following criteria: a mini‐
mum of 5 years of clinical experience, experience pres‐
cribing vitamin D on a regular basis, belonging to
centers that serve heavily populated areas and, in the
case of primary care, belonging to centers located in
areas with high population density.
A first group of participants in the panel (40%) were
chosen directly by the authors of the study taking into
account the inclusion criteria. The remaining 60% was
completed with the invitation to experts, through the de‐
legates of the study sponsor, always respecting the esta‐
blished inclusion criteria.
Analysis of results
The participants prepared the questionnaire using an
online platform. As in all Delphi questionnaires, the sur‐
vey consisted of a series of statements. Respondents ex‐

pressed their level of agreement with the each statement
based on a numerical 1‐to‐9 scale (≤3, disagree; 4‐6,
doubtful; ≥7, agreement).
The median of the scores and the percentage of posi‐
tioning were analyzed. Consensus was reached when
less than a third of the respondents positioned themsel‐
ves outside the region of three points that contained the
median. Otherwise, when these respondents showed
conflicting opinions (equivalent positioning in the ex‐
treme sectors of the scale) or when there was a greater
dispersion of opinions (equivalent distribution of posi‐
tioning in the three sectors of the scale), it was conside‐
red that there was no there was consensus due to
polarization or indeterminacy, respectively. Items that
did not reach consensus in the first round were kept in
the second circulation round of the survey, the results of
which were analyzed as described above.
To formalize the questionnaire, they were assigned a
period of 26 days for the first round and 11 days for the
second.
The data provided by the participants were subject
to a confidentiality clause and were only used for statis‐
tical purposes with no dissemination by any channels.

RESULTS
In our study, 146 experts participated out of the 180 in‐
vited (81%) in the first circulation round of the Delphi
survey with the following distribution by specialties:
nephrology 9, rheumatology 27, geriatrics 10, endocri‐
nology 23, family and community medicine 39, gyneco‐
logy and obstetrics 9, internal medicine 9, digestive
system 9, pediatrics 1, dermatology 9 and urology 1. Of
the initial 146 experts, 125 participated in the second
round (85.6% participation compared to the first
round). The 21 experts who withdrew in the second
round did so due to lack of availability or compatibility
with other professional activities. This panel of experts
included representatives from different specialties and
geographical areas as shown in the figure 1.
In the first round, 73 statements were analyzed, of
which 47 (64.4%) reached consensus in agreement. The
remaining 26 statements, 25 undetermined and one
with polarized opinions, went on to the second round of
circulation of the survey. In this phase, a new level of
agreement was reached, reducing to 16 (21.9%) the
non‐consensual statements (figure 2), of which 14 re‐
mained indeterminate and 2 with polarized opinions.
Therefore, after completing the second round, the level
of consensus was obtained in agreement on 57 (78.1%)
of the 73 statements in the survey (figure 2).
Block 1, Vitamin D and health in general, reached the
greatest consensus. The respondents agreed with 19
(90.5%) of the 21 statements that made up this block
(table 1), 16 in the first round and 3 in the second, while
the remaining 2 (9.5%) were indeterminate. by disper‐
sion or non‐positioning of the experts.
In block 2, Evaluation of hypovitaminosis D, consensus
was obtained on a total of 19 statements, 16 in the first
round and 3 in the second, which corresponds to 73.1%
of the 26 proposals (table 2). Of the 7 statements that
did not reach consensus, 5 (19.2%) were indeterminate
and 2 (7.7%) showed polarization in the position of the
respondents at the end of the second round.
Block 3, Treatment with vitamin D according to the
patient's profile, is the one that obtained a lower degree
of consensus. The percentage of agreement was 68.4%,
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Figure 1. Characteristics of the panel of physicians who participated in the study. (A) Distribution of doctors according to
their specialty

Rheumatology
19.2%

Primary care
2.4%

Nephrology
6.4%
Internal
Medicine
7.2%

Digestive
5.6%

Figure 1. Characteristics of the panel of physicians who participated in the study. (B) Distribution of doctors according to the
Autonomous Community in which they practice their profession
Murcia 5.6%

Navarra 1.6%

Comunidad Valenciana
11.2%

Madrid 12.8%

Galicia
5.6%
Aragón
0.8%
Cantabria
1.6%

Andalucía
25.6%

I. Canarias 7.2%

Gynecology
and Obstetrics
6.4%

Dermatology
6.4%

Geriatrics
8.0%

País Vasco 2.4%

Castilla‐La Mancha
5.6%

Endocrinology
14.4%

Asturias 3.2%

Castilla‐León 6.4%

Cataluña 7.2%

Extremadura 2.4%
I. Baleares 0.8%

Figure 2. Delphi results

Survey 73 items
Consensus
57
78.1%

(78.1%)

AGREEMENT
57

No consensus
16

21.9%

(21.9%)

19.2%

DISAGREEMENT
0

78.1%

corresponding to 13 consensual statements, 10 in the
first round and three in the second, of the 19 proposals
(table 3). The remaining 6 statements remained inde‐
terminate, giving rise to a 31.6% non‐consensus due to
dispersion of opinions. None of the non‐consensual
assertions of this block presented polarization in the
results.
In block 4, Differences between supplements, consen‐
sus was obtained in 6 of the 7 proposed statements
(table 4), all in the first round, which corresponds to a
general percentage of consensus of 85.7%. The state‐
ment that did not obtain consensus was left as indeter‐
minate.

DISCUSSION
This Delphi survey reached consensus in 78.1% of the
statements (figure 2) aimed at assessing knowledge
about vitamin D and about the diagnosis, treatment and
prevention of hypovitaminosis D.
In relation to vitamin D and health in general, there
was agreement that hypovitaminosis D affects all popu‐
lation groups in Spain. The experts surveyed recognize
its high prevalence in our country6, and that its severity

2.7%

INDETERMINATE

NO CONSENSUS

14

2

depends on environmental factors, such as time of day,
season of the year8 and geographical latitude, and of in‐
dividual factors, such as skin pigmentation, diet, the use
of sunscreens and clothing worn, since all of these fac‐
tors condition cutaneous synthesis of vitamin D3. As the
experts point out, diet is insufficient to satisfy the daily
needs of vitamin D and this is due to the fact that there
are few natural foods with a high content of this vita‐
min2. In addition, the reduction in sun exposure due to
changes in lifestyle has been detrimental to the cutane‐
ous synthesis of vitamin D. Given this situation, and as
recognized by experts, an increase in the hours of effec‐
tive sun exposure should be considered. and safe, taking
into account the already known carcinogenic risks
associated with it, so that a balance is achieved between
sun exposure, diet and vitamin D supplementation, as
measures for the prevention of hypovitaminosis D.
According to the Spanish Research Society Bone and
Mineral Metabolism (SEIOMM), 15 minutes of daily sun
exposure on the arms and face are recommended, bet‐
ween the months of March and October, for the Cauca‐
sian population, with a protection factor between 15
and 30, bearing in mind radiation intensity and lati‐
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tude. In the elderly population and patients with os‐
teoporosis, 30 minutes of daily sun exposure are recom‐
mended9.
Due to individual variations in vitamin D supplemen‐
tation, establishing the appropriate dosage for each pa‐
tient is required. To this end, the experts agreed that, in
addition to serum levels of 25(OH)D, the Body Mass
Index (BMI) must be taken into account (considering the
relationship between BMI and concentrations of
25(OH)D)10, the degree of habitual sun exposure of the
patient and the use of certain drugs that can alter the
absorption and catabolism of vitamin D11. There was
also agreement that supplementation can be established
on a weekly, fortnightly or monthly basis without affec‐
ting its efficacy12,13, and that it should be 800‐1,000
IU/day in people over 65 years of age, to reach plasma
concentrations enough of 25(OH)D9.
Regarding the clinical consequences of hypovitami‐
nosis D, the experts surveyed recognized that the risk
of osteoporosis1 and fractures14 increases in the skeletal
tissue, in addition to being associated with rickets2 and
osteomalacia2, while the risk of cardiovascular diseases
increases in the extraskeletal system2,15 and the appea‐
rance of some types of cancer, especially breast, pros‐
tate and colorectal3,16. Despite an observed tendency
towards agreement, however, there was no consensus
that hypovitaminosis D is associated with an increased
risk of type 2 diabetes (DM2) and autoimmune disea‐
ses. Most of the experts who disagreed acknowledged
that certain studies had shown an association between
hypovitaminosis D and DM217 or autoimmune disea‐
ses18, but not a direct causal relationship. This sug‐
gests that the participants interpreted the statements
as intending to establish a relationship of cause‐effect
between hypovitaminosis D and DM2 or autoimmune
diseases, which could explain the lack of consensus. In
fact, the real contribution of low levels of vitamin D as
a cause of DM2 or autoimmune diseases is controver‐
sial, especially considering the discrepancies between
observations and clinical trials of intervention. These
discrepancies also exist in studies of the benefits of vi‐
tamin D at the extraskeletal level in general. This is be‐
cause, in many of these intervention studies, the
participants had normal serum 25(OH)D levels at ba‐
seline, so it would be difficult to observe vitamin D
supplementation benefit. This is the case from the study
by Pittas et al.19 on the benefits of vitamin D in the pre‐
vention of DM2, and from the VITAL 20 study on the
effects of vitamin D supplementation in the prevention
of cancer and cardiovascular diseases, both with negative
results. From a pathophysiological point of view, vitamin
D supplementation may not provide any protection if
there is no evidence of hypovitaminosis D21,22, so inter‐
vention studies should be performed in patients with
vitamin D deficiency as recommended by different au‐
thors21,22.
As for assessing hypovitaminosis D, the experts re‐
cognized that the levels of 25(OH)D are the best biomar‐
ker of vitamin D status1,2,11, since they reflect both the
dietary contribution and that of sun exposure and the
supplementation. There was also agreement that serum
concentrations of 25(OH)D below 30 ng/mL indicate vi‐
tamin D insufficiency, while values below 10 ng/mL in‐
dicate severe deficiency13.
However, the lack of consensus in the disagreement
in considering insufficiency when 25(OH)D concentra‐

tions are less than 20 ng/mL shows that the definitions
of insufficiency (<30 ng/mL) and deficiency (<20
ng/mL /mL) of vitamin D are not so clear3. There was
also variability of opinion regarding safe concentrations
of 25(OH)D. Although until recently it was considered
that concentrations of 25(OH)D less than 150 ng/mL
did not present any risk of toxicity11,13, currently it is re‐
commended to maintain serum levels between 30‐50
ng/mL6. This is due to the observations that serum
25(OH)D values greater than 50 ng/mL are associated
with an increased risk of cardiovascular mortality23, al‐
though two studies were published in 2017 that cast
doubt on these results24,25. In the first of them, upon
standardizing serum 25(OH)D values from a previous
study, no higher mortality was found24, and in the se‐
cond, which was the first and only meta‐analysis that
has used standardized values of 25( OH)D and indivi‐
dual data, no higher mortality was observed with serum
values above 50 ng/mL25.
On the other hand, once the recommended levels of
25(OH)D have been reached, patients must continue
with a maintenance dose so that hypovitaminosis D does
not reappear, since the causes of the insufficiency re‐
main.
Regarding the screening of vitamin D deficiency, scien‐
tific societies such as the National Institute for Health and
Care Excellence (NICE), the United States Preventive Ser‐
vices Task Force (USPSTF), the Endocrine Society and the
Spanish Society of Endocrinology, have positioned them‐
selves against universal screening6,11,26,27, probably be‐
cause there is no evidence that it is cost‐effective. In this
sense, many experts recognized that screening should
only be carried out in patients with pathologies associa‐
ted with hypovitaminosis D and in risk groups such as
institutionalized elderly, as established by the recom‐
mendations. However, some of those surveyed believed
that screening should be universal from the age of 18, a
position that is possibly due to the high prevalence of
hypovitaminosis D. Despite these discrepancies, there
was agreement that measuring 25(OH)D levels was re‐
quired in older people at risk of falls, in patients with os‐
teoporosis with or without osteoporotic fracture, fragility
fractures, chronic kidney disease, liver disorders or in‐
testinal disease and in patients treated with drugs that
can interact with vitamin D6,12. The experts also recogni‐
zed that parathyroid hormone is a valid marker of vita‐
min D deficiency since there is an association between
vitamin D deficiency and secondary hyperparathyroi‐
dism2,3.
In relation to the methods for determining 25(OH)D
and despite the differences observed between them1,11,
there was no consensus in disagreement that all the
methods were similar or that most of them overesti‐
mated the levels of 25(OH)D. (OH)D, which suggests
that many of the respondents had not considered or
were unaware of the importance of the method for de‐
termining 25(OH) vitamin D. However, they did recog‐
nize the importance of using the same method in all
measurements of follow‐up of vitamin D supplementa‐
tion, which should be carried out in the days prior to
the next dose, every 3‐4 months from the start of tre‐
atment until reaching adequate levels of 25(OH)D6, and
then at intervals every 6 ‐12 months. There was also
agreement that these techniques need to be standardi‐
zed. This can be done by implementing the reference
materials for the National Institute of Standards and
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Table 1. Level of agreement reached in block 1: Vitamin D and health in general

Variable

Round Mean

Median

Range

%
outside
median

Result

1. Hypovitaminosis D in Spain affects all population groups

1

7.29

8

2

18.49

Agreement

2. The time of day conditions the cutaneous synthesis of vitamin D
due to the greater or lesser inclination of the solar radiation

1

7.42

8

2

17.81

Agreement

3. The season of the year determines the cutaneous synthesis of
vitamin D due to the greater or lesser inclination of solar radiation

1

7.92

8

1

8.9

Agreement

4. Geographical latitude conditions the cutaneous synthesis of vitamin D
due to the greater or lesser inclination of solar radiation

1

7.82

8

2

12.33

Agreement

5. Skin pigmentation conditions skin synthesis of vitamin D due to
melanin content

1

7.52

8

2

21.23

Agreement

6. The use of sunscreens with a high protection factor conditions the
cutaneous synthesis of vitamin D due to the blocking of UVB rays on
the skin

1

7.68

8

2

18.49

Agreement

7. The way of dressing conditions the cutaneous synthesis of vitamin D
because it can reduce skin exposure to the sun

1

7.77

8

1

13.01

Agreement

8. The diet followed by most people is insufficient to meet daily
vitamin D needs

1

7.28

8

2

23.97

Agreement

9. Increasing the hours of effective sun exposure has been shown
to be useful in preventing vitamin D deficiency

2

6.64

7

2

29.6

Agreement

10. Vitamin D supplementation has been shown to be useful in the
prevention of hypovitaminosis D

1

8.32

9

1

4.11

Agreement

11. For the maintenance of bone health in people over 65 years of
age doses between 800‐1,000 IU/day of vitamin D are necessary

1

8.02

8

1

8.9

Agreement

12. In addition to serum levels of vitamin D, when calculating the
dose of vitamin D to administer, we must take into account both BMI
and sun exposure

1

6.99

7

3

29.45

Agreement

13. As vitamin D is fat‐soluble, we can administer it in weekly,
fortnightly or monthly doses

1

8.21

9

1

8.9

Agreement

14. Certain drugs interact with vitamin D reducing its absorption

1

7.68

8

2

19.86

Agreement

15. Insufficient vitamin D is associated with an increased risk of osteopo‐
rosis because it is essential for proper bone metabolism

1

8.35

9

1

5.48

Agreement

16. Insufficient vitamin D is associated with an increased risk of
failure in the treatment of osteoporosis, since it determines a greater
probability of fractures and less bone mass gain even when receiving
effective anti‐catabolic/anti‐resorptive treatment

1

8.14

8

1

6.85

Agreement

17. Deficiency rickets and osteomalacia are associated with a severe
vitamin D deficit

1

8.44

9

1

4.11

Agreement

18. Hypovitaminosis D is associated with an increased risk of type 2
diabetes

2

6.44

7

2

36

Indeterminate

19. Hypovitaminosis D is associated with an increased risk of
cardiovascular diseases

2

6.75

7

2

31.2

Agreement

20. Hypovitaminosis D is associated with an increased risk of
autoimmune diseases

2

6.71

7

2

34.4

Indeterminate

21. Hypovitaminosis D has been associated with the appearance of
some types of cancer, especially breast, prostate and colorectal cancer

2

6.63

7

2

31.2

Agreement
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Technology measurement of 25(OH)D11. In general,
most hospitals use immunoassays to measure serum
concentrations of 25(OH)D, although these methods
are not standardized and overestimate these concen‐
trations28 due to cross‐reactivity with other inactive
metabolites of vitamin D, such as 24‐25 (OH)D and the
epimer C3. In contrast, liquid chromatography with
tandem mass spectrometry (LS‐MS/MS), which is the
reference method, does not present the problem of
overestimation of 25(OH)D, since it allows indepen‐
dent analysis of each one of the metabolites of vitamin
D28, which translates into an increase in the percentage
of hypovitaminosis D29. However, this method is not ap‐
plicable to clinical routine because it is more complex,
time‐consuming and expensive than immunoassays. In
addition, the values that define vitamin D insufficiency
and deficiency are based on the results of immuno‐
assays, therefore, despite the fact that there was no
agreement among the experts, these methods are accep‐
table to determine the concentration of 25(OH)D in
clinical practice. There was also no agreement on esta‐
blishing that 25(OH)D monitoring should be done in win‐
ter or early spring, when vitamin D synthesis is more
deficient. In general, monitoring should be performed in
all patients at risk of hypovitaminosis D, regardless of the
time of year. However, primary care centers with limi‐
ted access to 25(OH)D measurement and who cannot re‐
quest it without justification, could choose to measure
25(OH)D concentrations in winter or early spring, which
is the time when the patient is most likely to have hypo‐
vitaminosis D.
Regarding treatment with vitamin D, although some
experts contemplated its interruption in summer if it
was accompanied by a diet rich in vitamin D and provi‐
ded that hypovitaminosis D was not serious and there
were no diseases that perpetuated it, withdrawal of
supplementation is not recommended in summer. In
this sense, as with the monitoring of 25(OH)D, it must
be taken into account that the difference between the
concentrations of 25(OH)D in summer and winter is
small and that there are many factors that, together
with variations in sun exposure, they can intervene in
hypovitaminosis D.
Although the experts recognized that supplementa‐
tion should be performed only after confirming hypovi‐
taminosis D, even in patients over 65 years of age, there
was a dispersion of opinions on the fact of prescribing
vitamin D supplements to the institutionalized elderly
without determining serum levels of 25(OH)D. In this
sense, the ideal is to know the serum levels of 25(OH)D
to adjust the dose. However, the prevalence of hypovita‐
minosis D in this population group is 87%30 so, if there
is no access to the determination of 25(OH)D levels,
supplementation with safe doses, such as those doses
between 1,000 and 2,000 IU daily of vitamin D, which
are recommended by the International Osteoporosis
Foundation (IOF) for this population13, is probably the
situation with the most effective cost‐benefit, especially
at the level of prevention of fractures and loss of muscle
strength.
On the other hand, there was no agreement that vita‐
min D supplementation in all people over 65 years of age
is cost‐effective. Some experts commented in this regard
that in order to know this data, cost‐effectiveness stu‐
dies similar to those carried out by the NICE guidelines
in the United Kingdom should be carried out in Spain, in

which vitamin D supplementation is directly recommen‐
ded in people over 65 years of age, pregnant women and
infants and children under 4 years of age27.
According to experts, vitamin D supplementation is
necessary in all patients with vitamin D insufficiency or
deficiency. In this sense, there was agreement that kno‐
wing the sun exposure habits of patients would be use‐
ful to identify those at risk of hypovitaminosis D. There
was also agreement that patients receiving treatment
with corticosteroids or drugs that increase the catabo‐
lism of vitamin D require supplementation, which im‐
plies that they recognized that these patients are at risk
of hypovitaminosis D6,13. In addition, it must be taken
into account that certain diseases interfere with the
synthesis and bioavailability of vitamin D, so there was
agreement that patients with intestinal malabsorption,
chronic kidney disease, liver disease or obesity required
doses of vitamin supplementation highest D13. This
need was not agreed upon for patients with photosen‐
sitivity, in which case the most advisable thing would
be to establish the dose of vitamin D based on the
serum levels of 25(OH)D and not prescribe higher
doses, as some experts contemplate, because the sun
exposure of these patients is less or less effective due
to the use of sun protection creams.
In addition, the experts recognized the importance
of maintaining adequate levels of 25(OH)D in patients
with osteoporosis, since it can reduce the risk of both
hip and non‐vertebral fractures13. However, there was
no agreement that fracture reduction by vitamin D
supplementation was dose dependent. This result is
not surprising considering the discrepancies between
different studies. Thus, while the meta‐analysis by Bis‐
choff‐Ferrari et al shows that daily doses of 800 IU or
higher are more beneficial for reducing fractures in
patients over 65 years of age31, the study by Bolland et
al finds no evidence that supplements of vitamin D re‐
duce fractures32, although it should be noted that the
latter has many limitations22.
There was also no consensus, despite the orientation
towards agreement, in considering that, in patients with
DM2, vitamin D supplements contribute to better glyce‐
mic control. Although most of the experts who disagreed
thought that there were no conclusive studies in this re‐
gard, it should be noted that it has been shown that vi‐
tamin D supplements contribute to better glycemic
control33, inducing a significant improvement when
25(OH)D levels are less than 20 ng/mL, although this
does not occur when they are above 20 ng/mL.
Regarding the differences between supplements, the
experts recognized that calcifediol is more potent than
cholecalciferol, therefore lower doses are required, it in‐
creases 25(OH)D concentrations more quickly and is
more effective in maintaining them above 30 ng/mL6,34.
There was also agreement that calcifediol is the drug of
choice in patients with deficient hepatic hydroxylation
due to liver disease or advanced age (>70 years) as it
does not require hepatic hydroxylation34,35, and in pa‐
tients with intestinal disease because it is better absor‐
bed than the other metabolites34.
Recently, the Spanish Medicines Agency has published
an informative note on the appearance of hypercalcaemia
due to cholecalciferol overdose in children and calcifediol
in adults36, although the most recent studies on the use of
calcifediol have not described any toxicity associated with
this drug12,37.
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Table 2. Level of agreement reached in block 2: Assessment of hypovitaminosis D
Variable

Round Mean

Median

Range

%
outside
median

Result

22. Screening for hypovitaminosis D should be applied to the entire
population over 18 years

2

3.78

3

3

44

Indeterminate

23. The measurement of 25(OH)D is the best indicator to know the
status of vitamin D

1

7.93

8

2

10.27

Agreement

24. The determination of 25(OH)D reflects the total vitamin D obtai‐
ned both from intake and from sun exposure and pharmacological
treatments

1

7.3

8

3

25.34

Agreement

25. Vitamin D insufficiency is understood as a level of 25(OH)D less
than 30 ng/mL

1

6.99

8

3

26.03

Agreement

26. Vitamin D insufficiency is understood as a level of 25(OH)D less
than 20 ng/mL

2

5.6

7

7

44.8

No consensus

27. Severe vitamin D deficiency is understood as a level of 25(OH)D
less than 10 ng/mL

1

8.05

9

1

8.22

Agreement

28. Serum levels of 25(OH)D must be maintained below 50 ng/mL
due to possible increased risk of total mortality and cardiovascular
and other side effects

2

5.03

5

4

75.2

No consensus

29. It is essential to carry out periodic controls of serum levels due
to individual variability in vitamin D supplements

2

6.74

7

1

24

Agreement

30. All vitamin D quantification methods are similar

2

4.03

4

2

48.8

Indeterminate

2

6.1

6

2

40.8

Indeterminate

2

7.13

7

2

30.4

Agreement

2

6.22

7

2

40.8

Indeterminate

2

5.22

5

0

24.8

Indeterminate

35. It is important to monitor vitamin D always using the same
determination method

1

7.9

8

2

7.53

Agreement

36. Clinical laboratories should be integrated into programs of
standardized vitamin D measurement

1

8.08

8

1

6.16

Agreement

37. The results of studies that do not have standardized measurements
of 25(OH)D

1

7.86

8

2

10.96

Agreement

38. Vitamin D levels should be determined (calcidiol) in cases of
chronic kidney, liver and intestinal disease

1

8.34

9

1

2.74

Agreement

39. Vitamin D levels should be determined in cases of osteoporosis
without osteoporotic fracture

1

8.35

9

1

3.42

Agreement

40. Vitamin D levels should be determined in all patients with fragility
fractures

1

8.5

9

1

2.05

Agreement

41. Vitamin D levels should be determined in all elderly patients at
risk of falls

1

8.07

8

1

8.9

Agreement

42. Vitamin D levels should be determined in all patients treated with
drugs that can interact with vitamin D: anticonvulsants, glucocorti‐
coids, antiretrovirals, antifungals and absorption modifiers of lipids
(cholestyramine, orlistatin, etc.)

1

8.27

9

1

5.48

Agreement

43. In patients with vitamin D deficiency who start supplementation,
serum concentrations of 25(OH)D should be determined every 3‐4
months until adequate levels are reached

1

7.36

8

2

22.6

Agreement

1

7.52

8

2

17.81

Agreement

1

6.83

7

2

32.19

Agreement

2

7.12

7

2

25.6

Agreement

1

7.68

8

2

16.44

Agreement

31. Immunoassay methods, despite the lack of standardization and
interference with other metabolites, are clinically acceptable to
assess the concentration of calcidiol
32. As the half‐life of calcidiol is 18‐21 days, it is important that the
blood draw for monitoring of 25(OH)D be performed in the days
prior to the next intake
33. For the monitoring of 25(OH)D, it is important that the determination
is made in winter or early spring, which are the seasons in which the
synthesis of vitamin D is most deficient
34. Most of the laboratory techniques used overestimate the levels
of 25(OH)D by also quantifying inactive metabolites

44. After reaching adequate levels of vitamin D after supplementation,
annual analysis is recommended
45. Parathyroid hormone can be considered a marker of vitamin D
insufficiency due to increased levels from 25(OH)D levels below
31 ng/mL
46. Patients with vitamin D insufficiency have secondary hyperpa‐
rathyroidism
47. In the case of secondary hyperparathyroidism, the levels of parathyroid
hormone decrease after correction of vitamin D insufficiency
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Table 3. Level of agreement reached in block 3: Treatment with vitamin D according to the patient's profile

Variable

Round Mean

Median

Range

%
outside
median

Result

48. Vitamin D levels should always be determined before administer
supplements

1

7.01

8

3

30.14

Agreement

49. Sun exposure habits should be determined in the clinical history to
identify patients at risk of vitamin D deficiency

1

7.26

8

2

24.66

Agreement

50. Treatment with vitamin D supplements should be interrupted in
summer if the patient increases their sun exposure

2

4.9

5

4

67.2

Indeterminate

51. Vitamin D supplementation is necessary in all patients with
hypovitaminosis D because diet and sun exposure do not cover
daily needs

1

7.26

8

2

21.23

Agreement

52. In patients receiving treatment for osteoporosis, adequate levels
of vitamin D must be guaranteed

1

8.49

9

1

3.42

Agreement

53. Treatment of vitamin D insufficiency can decrease the risk of hip
fractures

1

7.84

8

2

11.64

Agreement

54. Treatment of vitamin D insufficiency can decrease the risk of
non‐vertebral fractures

1

7.65

8

2

15.07

Agreement

55. When there is evidence of hypovitaminosis D, vitamin D
supplements offer dose‐dependent protection against fractures

2

6.81

7

2

33.6

Indeterminate

56. In patients with type 2 diabetes, vitamin D supplements
contribute to better glycemic control

2

6.46

7

2

38.4

Indeterminate

57. Vitamin D supplementation in all people over 65 years of age is
cost‐effective

2

6.84

7

3

33.6

Indeterminate

58. People over the age of 65 should take vitamin D supplements
only in case of hypovitaminosis D

2

7.33

8

1

18.4

Agreement

59. In the institutionalized elderly, vitamin D supplements should be
prescribed without the need for prior determination of its levels

2

5.62

7

4

49.6

Indeterminate

60. Patients who present photosensitivity require higher doses of
vitamin D than usual

2

6.28

7

3

46.4

Indeterminate

61. Patients with intestinal malabsorption require doses of vitamin D
higher than usual

1

7.33

8

2

20.55

Agreement

62. Obese patients need higher doses of vitamin D than usual due
to its lower bio‐availability

2

7.7

8

2

17.6

Agreement

63. Patients with chronic kidney disease (CKD) require higher doses
of vitamin D than usual

2

7.1

8

1

24

Agreement

64. Patients with liver disease require higher doses of vitamin D
than usual

2

6.66

7

2

32.8

Agreement

65. Patients under treatment with drugs that increase the catabolism
of vitamin D should receive supplementation

1

7.19

8

3

26.71

Agreement

66. Patients receiving corticosteroid treatment should receive
vitamin D supplements because corticosteroids can cause resistance
to this vitamin

1

7.14

8

3

30.14

Agreement
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Table 4. Level of agreement reached in block 4: Differences between supplements
Variable

Round Mean

Median

Range

%
outside
median

Result

67. Calcifediol has been shown to be more effective than cholecalciferol
in maintaining serum levels of 25(OH)D >30 ng/mL

1

7.32

8

3

25.34

Agreement

68. Calcifediol has been shown to be more potent than cholecalciferol
by thus, fewer doses are needed to maintain serum 25(OH)D levels
>30 ng/mL

1

7.57

8

2

17.12

Agreement

69. Because calcifediol is more powerful than cholecalciferol, it has a
higher risk of hypercalcaemia

2

4.73

5

2

42.4

Indeterminate

70. Calcifediol increases 25(OH)D concentrations more rapidly than
vitamin D3

1

7.47

8

2

21.23

Agreement

71. Calcifediol is recommended instead of cholecalciferol in patients
with liver disease as they do not need hepatic hydroxylation

1

7.63

8

2

19.86

Agreement

72. Calcifediol is recommended instead of cholecalciferol in patients
older than 70 years due to deficient hepatic hydroxylation

1

7.05

7

2

29.45

Agreement

73. Calcifediol is chosen in cases of intestinal disease because its
absorption is better than that of other metabolites

1

7.14

7

2

26.03

Agreement

To sum up, the data from this study show that there is a
consensus on the high hypovitaminosis D prevalence in
Spain and the need to prescribe vitamin D supplements in
patients with insufficiency and deficiency of this vitamin.
However, the lack of consensus for some items reveals in‐

adequate knowledge about vitamin D among the experts
surveyed, especially regarding the recommendations for
evaluating and treating this vitamin deficiency. Therefore,
training sessions are required to provide adequate current
knowledge to those who regularly prescribe vitamin D.
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Summary
Objective: To analyze the usefulness of the trabecular bone score (TBS) in adults with osteogenesis imperfecta (OI) and
its relationship with clinical, anthropometric and densitometric variables, especially with the presence of fractures and
the severity of the disease.
Material and methods: Cross‐sectional study conducted in 31 adult patients with OI (age 40.5±15.2 years, 68% women,
87% type I). The clinical characteristics of the patients (fractures, type of OI, BMI and treatment), bone mineral density
(BMD) (using DXA), assessing the presence of densitometric osteoporosis, and TBS values (TBS iNsight), estimating the
presence of degraded microarchitecture (values <1.230). The results were compared between the different OI types (I
and III‐IV) and with those of a control group of healthy subjects.
Results: Most of the patients (29/31, 94%) had a history of fractures and 29% received antiosteoporotic treatment.
61% had densitometric osteoporosis and 19% had degraded microarchitecture. No differences were observed in the
TBS values according to OI severity (OI type I vs. III‐IV: 1,297 vs. 1,339, p=n.s.); no patient with OI type III‐IV had TBS
<1230. TBS values were related to age (r=‐0.6, p<0.01), lumbar BMD (r=0.4, p=0.03) and BMI (r=‐0.5 , p=0.01). Patients
with OI had lower values of TBS and BMD than the control group in all locations analyzed.
Conclusion: TBS is not very sensitive in assessing bone quality in OI, since none of the patients with severe OI had a de‐
graded microarchitecture and this was only observed in 19% of patients with OI despite presenting a high prevalence
of fractures.
Key words: osteogenesis imperfecta, trabecular bone score, TBS.

INTRODUCTION
Osteogenesis imperfecta (OI) is a congenital disease
that comprises a heterogeneous group of clinical and
genetic disorders of connective tissue, mainly caused
by mutations in the COL1A1 and COL1A2 genes of type
I collagen. It has been estimated that the incidence of
OI is approximately 1:10‐20.0001‐4 and the clinical ma‐
nifestations can vary from almost asymptomatic forms
to very severe cases. The main characteristic of this en‐
tity is bone fragility, due to a decrease in bone mass,
cortical thickness and an alteration in the trabecular
architecture which, together with defects in the bone
matrix, affect its quality and resistance, and lead to to
a marked increase in the risk of fracture, evident from
childhood1‐3,5. Classically, OI was considered an autoso‐
mal dominant genetic disorder and patients were clas‐

Correspondence: Helena Flórez (hflorez@clinic.cat)

sified into four subtypes based on clinical severity
(classification by Sillence et al.6: type I being the mil‐
dest, followed by types IV, III and type II, the most se‐
vere that confers perinatal mortality). Over the years
new genes and pathogenic variants have been identi‐
fied, adding new groups to the classification (OI type V
‐ type XX)1,2,4,5. However, this classification is no longer
practical and some authors prefer to classify patients
according to the degree of clinical involvement of the
OI (mild, moderate, severe, lethal), including the gene‐
tic defect they present4.
Although the diagnosis of certainty is obtained with
the genetic study, in routine clinical practice, this can
be done based on clinical and radiological findings and
family history1,3,7. Dual‐energy X‐ray absorptiometry
(DXA), the gold standard technique for the diagnosis
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and monitoring of osteoporosis (OP), is also of some
use in patients with OI. However, by providing informa‐
tion on bone mineral density (BMD), which is not ne‐
cessarily affected in this entity, and not on bone quality,
a key aspect in OI, its results must be evaluated with
caution, since has shown a clear relationship between
BMD values by DXA and the severity of OI7,8. Therefore,
new diagnostic methods applicable in routine clinical
practice are necessary to assess other aspects of bone
quality in this process. It has been suggested that the
trabecular bone score (TBS), a parameter obtained
from the measurement of a gray scale of the bone tex‐
ture of the 2D DXA image of the lumbar spine, could be
useful in this assessment9. In fact, TBS values have a
good correlation with bone microstructure parameters
obtained by high‐resolution peripheral computed to‐
mography (HRpQCT)10 and have been related to the de‐
velopment of fractures in the population independently
of BMD values9, for what has been indicated that TBS
could be a good method to assess other determining
parameters of bone quality, especially those related to
its microstructure.
The objective of this study is to analyze the useful‐
ness of TBS in adult subjects with OI and its relations‐
hip with clinical, anthropometric and densitometric
variables, especially with the presence of fractures, as
well as to compare TBS values with those of a control
group of healthy individuals.
MATERIAL AND METHODS
A cross‐sectional study has been carried out in adult
patients with OI who follow control and treatment in a
specialized consultation of bone metabolic disease of
our hospital’s rheumatology service. The study proto‐
col followed the standards of the Declaration of Hel‐
sinki and was approved by the hospital's ethics
committee. The included patients signed the informed
consent.
A total of 31 adult patients diagnosed with OI (21
women/10 men) have been included (after genetic
study and/or compatible family history). The clinical
characteristics (including weight, height and calcula‐
tion of the body mass index [BMI]), presence of fractu‐
res, type of OI and previous treatments carried out
were analyzed. In all patients, BMD in the lumbar spine
and proximal femur was analyzed by DXA (Lunar Pro‐
digy equipment, General Electric Medical Systems, WI,
USA) to assess the presence of densitometric OP (defi‐
ned by T‐score values ≤−2.5 SD [in subjects ≥50 years]
or Z‐score <−2 SD [in subjects <50 years]), osteopenia
(T‐score >‐2.4 and ≤−1 SD) or normal BMD (T‐score > ‐
1 SD)11. TBS was calculated using TBS iNsight software
(version 3.0.2.0) (Medimaps group, Geneva, Switzer‐
land) on lumbar spine DXA images; a TBS value <1.230
was considered microarchitecture degraded, between
1.230‐1.310 microarchitecture partially degraded and
TBS >1.310 normal12. The results of the TBS were com‐
pared with those of a control group of healthy subjects
of similar age, gender, and BMI (n=28, 71.4% women,
39 years old on average [21‐60]), from the same geo‐
graphical area and who collaborated in the TBS‐
SEIOMM study to obtain normal TBS values in our
population.
Statistic analysis
Statistical analyzes were performed using the SPSS

program (version 27) (IBM Corp., NY, USA). Quantita‐
tive variables are described by mean and standard de‐
viation (S.D.) of the mean and qualitative variables by
frequency and percentages. The differences between
means of the continuous variables have been analyzed
using the t‐test and the non‐parametric Wilconxon‐
Mann‐Whitney test, and the differences between pro‐
portions using the chi‐square test or the Fisher test. To
assess association between variables, the Pearson co‐
rrelation coefficient was used. Results with a value of
p<0.05 have been considered significant.
RESULTS
A total of 31 patients (67,7% women) with a mean age
of 40,5±15,2 years (range 19‐70) diagnosed with OI
were included. Most patients had type I OI (n=27,
87.1%), two patients had type IV OI (6.5%) and two pa‐
tients had type III OI (6.5%). 29/31 (93,5%) patients
had a history of fragility fractures, being multiple frac‐
tures in most cases, and only two patients with OI type
I had not presented fractures. At the time of assess‐
ment, 21/31 subjects were receiving (n=9) or had re‐
ceived (n=12) anti‐osteoporotic treatment for a mean
of 65±50 months, most with bisphosphonates (oral
n=15, intravenous n=11 ), 3 patients with teriparatide,
2 with selective estrogen receptor modulators and 1
with denosumab. The main characteristics of the pa‐
tients are summarized in table 1.
When TBS values were analyzed, the mean was
1.302±0.175 [0.737‐1.510]; 6/31 patients (19%) had
a degraded microarchitecture, 26% a partially degra‐
ded microarchitecture, and more than half (55%) had
normal TBS values; of the 6 patients with degraded mi‐
croarchitecture (<1230), all of them were >40 years
old, 50% were women and half also had osteoporosis,
all had type I OI and 5/6 patients had a history of frac‐
tures, multiple in all cases. The sensitivity of TBS in the
evaluation of patients with OI and fractures was only
17%.
Regarding BMD, 61% of patients had densitometric
OP, 36% had osteopenia, and only one patient had nor‐
mal BMD. There were no significant differences in
terms of TBS or BMD values depending on whether the
patients were receiving active anti‐osteoporotic treat‐
ment at the time of assessment.
When TBS values were analyzed according to the se‐
verity of the disease (OI type I vs. type III‐IV), no signi‐
ficant differences were found between both groups of
patients (table 1 and figure 1A), nor in relation to BMD
values in the proximal femur (neck and total), age or
BMI; however, patients with OI type III‐IV presented
lower BMD values at the lumbar level and a greater
number of fractures (table 1). On the other hand, when
these same parameters were compared according to
the number of fractures (OI patients with ≤10 vs. >10
fractures), there were no significant differences bet‐
ween both subgroups. It is noteworthy that no patient
with OI type III or IV presented degraded microarchi‐
tecture, however, all of them presented osteoporosis in
the BMD (table 1). However, the TBS values were sig‐
nificantly lower than those of the control group, as
were the BMD values in all locations analyzed (table 2
and figure 1B).
TBS values were positively related to lumbar BMD
(r=0.4, p=0.03), and negatively related to age (r=‐0.6,
p<0.01) and BMI (r=‐0.5, p=0.01) (figure 2).
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Table 1. Clinical characteristics of patients with osteogenesis imperfecta
All
n=31

OI type I
n=27

OI type III-IV
n=4

p

40.5±15.2 [19‐70]

41.2±15.7 [19‐70]

35.8±11.2 [25‐49]

0.550

21 (68%)/10 (32%)

19 (70%)/8 (30%)

2 (50%)/2 (50%)

0.416

27 (87.1%)/
1 (3.2%)/3 (9.7%)

‐

‐

‐

29 (93.5%)

25 (92.6%)

4 (100%)

0.574

Number of fractures (mean ± S.D., [range])

11.1±12.2 [0‐50]

8.6±9.4 [0‐37]

28.3±16.7 [10‐50]

0.012*

Current anti‐osteoporotic treatment (n, %)

9 (29%)

8 (29.6%)

1 (25%)

0.849

Previous anti‐osteoporotic treatment (n, %)

12 (38.7%)

9 (33.3%)

3 (75%)

0.096

Weight (kg) (mean ± SD)

59.5±11.5

60.97±10.7

49.28±13.25

0.094

Height (m) (mean ± S.D.)

1.53±0.14

1.56±0.1

1.32±0.14

0.005*

25.5±4.1

25.1±4.2

28.0±2.4

0.107

0.868±0.153

0.890±0.150

0.716±0.062

0.019*

0.762±0.135

0.770±0.141

0.693±0.016

0.467

0.826±0.163

0.819±0.163

0.887±0.190

0.744

T‐score in the lumbar spine (mean ± S.D.)

‐2.73±1.36

‐2.52±1.35

‐4.05±0.37

0.030*

T‐score in the femoral neck (mean ± S.D.)

‐2.11±1.08

‐2.04±1.12

‐2.7±0.36

0.278

T‐score in total femur (mean ± S.D.)

‐1.68±1.43

‐1.73±1.41

‐1.30±1.92

0.856

Z‐score in the lumbar spine (mean ± S.D.)

‐2.22±1.31

‐2.04±1.30

‐3.45±0.31

0.052

Z‐score in the femoral neck (mean ± S.D.)

‐1.56±0.97

‐1.50±1.02

‐2.00±0.30

0.215

Z‐score in total femur (mean ± S.D.)

‐1.25±1.32

‐1.33±1.30

‐0.67±1.62

0.743

1.302±0.175

1.297±0.183

1.339±0.117

0.932

Densitometric osteoporosis (n, %)

19/31 (61.3%)

15/27 (55.6%)

4/4 (100%)

0.089

Patients with degraded TBS (n, %)

6/31 (19.4%)

6/27 (22.2%)

0/4 (0%)

0.377

Age (years) (mean ± S.D., [range])
Sex (W [n, %] / M [n, %])
OI type I/III/IV (n, %)
Patients with fractures (n, %)

2

BMI (kg/m )(mean ± SD)
DMO lumbar (g/cm2)
DMO cuello femoral (g/cm2)
2

DMO fémur total (g/cm )

TBS (mean ± S.D.)

S.D.: standard deviation; W: women; M: men; OI: osteogenesis imperfecta; BMI: body mass index. *: statistically significant result.
Degraded microarchitecture was considered TBS values <1.230.

DISCUSSION
Our study results suggest that TBS may not be a useful
tool to assess bone strength in patients with OI. Thus,
most patients with OI had TBS values in the normal
range and only 19% of them, despite having a high in‐
cidence of fractures, had degraded microarchitecture
values. Likewise, no differences were observed in the
TBS values in relation to the severity of the disease (OI
type I vs. type III‐IV) and no patient with severe disease
had degraded microarchitecture, suggesting a low sen‐
sitivity of this parameter in the estimation of bone qua‐
lity in this disease. To date, there are hardly any studies
that analyze the usefulness of TBS in OI. Kocijan et al.7
examined the values of TBS in a cohort of 30 adult pa‐
tients (>18 years) with OI, and as in our study, they
found no differences in relation to the severity of the
disease (comparing individuals with OI type III‐IV vs.
type I). Although, they also observed differences when
they compared the values with those of a control group
of healthy subjects. In said study, it was indicated that
TBS could be a useful tool, especially to estimate a se‐

vere deterioration of bone microstructure in OI when
the values are low. However, despite having presented
multiple fractures, only 19% of our patients with OI
had low TBS values (degraded microarchitecture), and
in our study this parameter did not differentiate pa‐
tients with greater disease severity, which suggests
that it is an insensitive tool to assess bone quality in OI.
It should be mentioned that the TBS values were es‐
pecially related to the age of the individual. In fact, all
patients with OI and low TBS values (degraded micro‐
architecture) were over 40 years old, with a mean age
of 57 years, the age at which there is usually a progres‐
sive decrease in TBS values in the general population.
Therefore, it should be remembered that there are
other factors that must be taken into account when as‐
sessing TBS, such as age and BMI3. In this sense, both
in healthy subjects and in individuals with OP, lumbar
TBS, like BMD, decreases with age14, at the same time
as, and contrary to BMD, there is a negative correlation
with BMI15; findings, as indicated, also observed in our
cohort of patients with OI (figure 2).
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Figure 1. (1A) TBS values in patients with osteogenesis imperfecta type I
(mild) and type III-IV (severe-moderate). (1B) TBS values in patients with
osteogenesis imperfecta and in the control group
1A

TBS

p=N.S.

Type III y IV

Type I
1B

p=0.037

TBS (OI)

TBS (control)

Table 2. TBS and BMD values in patients with osteogenesis imperfecta and in the
control group
Patients
with OI

Control
group

p

TBS

1.297 ± 0.180

1.399 ± 0.119

0.037

Lumbar BMD (g/cm2)

0.887 ± 0.149

1.122 ± 0.172

<0.01

Femoral neck BMD (g/cm2)

0.775 ± 0.135

0.969 ± 0.129

<0.01

Total femur BMD (g/cm2)

0.844 ± 0.161

0.986 ± 0.124

<0.01

Lumbar T‐score

‐2.55 ± 1.32

‐0.49 ± 1.39

<0.01

Femoral neck T‐score

‐1.98 ± 1.06

‐0.19 ± 0.90

<0.01

Total femur T‐score

‐1.50 ± 1.41

‐0.24 ± 0.86

<0.01

Lumbar Z‐score

‐2.09 ± 1.29

‐0.07 ± 1.17

<0.01

Femoral neck Z‐score

‐1.46 ± 0.93

‐0.20 ± 0.83

<0.01

Total femur Z‐score

‐1.11 ± 1.28

‐0.02 ± 0.81

<0.01

TBS: trabecular bone score; BMD: bone mineral density; OI: osteogenesis imperfecta.
All variables are expressed as mean ± S.D. (standard deviation).

Another aspect to highlight is
that 61% of our patients had a
densitometric OP, and only one
patient had a normal BMD, with
BMD values being lower than
those of the control group in all
locations analyzed (lumbar
spine and proximal femur).
Again, these results coincide
with those reported in some pre‐
vious studies16, and indicate
that, although with limitations
and pending the availability of
better instruments in the future,
the quantification of BMD conti‐
nues to be, to date, the tool avai‐
lable in the most effective
routine clinical practice to esti‐
mate the risk of fracture in these
patients1,3,5,7,16,17, despite not
being able to assess the altera‐
tions in bone quality that pa‐
tients with OI present.
Other techniques, such as
HrpQCT, could be especially use‐
ful in assessing bone strength
and quality in this entity by allo‐
wing BMD to be quantified
three‐dimensionally and evalua‐
ting the structure of trabecular
and cortical bone in peripheral
regions. Thus, in patients with
OI, it has been indicated that
HRpQCT, by analyzing micros‐
tructural parameters, would
allow a better assessment of the
severity of bone involvement, es‐
pecially when compared to other
techniques, such as BMD and
TBS7. In this sense, patients with
more severe forms of the disease
(OI types III and IV) usually pre‐
sent worse structural parame‐
ters, with a greater decrease in
the thickness and number of tra‐
beculae and greater space bet‐
ween them7,18. Although, as
previously indicated, it has been
suggested that TBS could also
provide information on bone mi‐
crostructure parameters9,10, in
patients with OI the correlation
between structural parameters
assessed by HRpQCT and TBS is
very low7, indicating the need to
assess the usefulness of this tool
in these patients.
This study has several limita‐
tions, such as: the small number
of patients with severe OI (types
III and IV), an intrinsic limitation
to the characteristics of the dise‐
ase, since it deals with the less
frequent types of OI. Or, the pos‐
sible effect on TBS values that
the antiosteoporotic treatment
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TBS

Figure 2. Correlation between TBS values and age and BMI

Age

TBS

followed by some of the patients inclu‐
ded in the study may have had, a limi‐
tation also associated with this type of
disease in which treatment, especially
with bisphosphonates, is frequent.
when there are multiple fractures, a
fact present in most of our patients.
In conclusion, our study shows a
low sensitivity of TBS in the assess‐
ment of bone fragility in OI, since a low
percentage of patients with OI presen‐
ted low values (degraded microarchi‐
tecture) of TBS, despite having
suffered multiple fractures and no pa‐
tient with severe OI (types III and IV)
presented a degraded microarchitec‐
ture. In this study, TBS did not provide
advantages in determining BMD. Ho‐
wever, additional studies are recom‐
mended to confirm these results and
include a larger number of patients
with this disease, in which new tools
are needed to assess bone quality and
strength.
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Summary
Introduction and objective: Given the increasing number of thyroid surgeries, the incidence of post‐surgical hypopa‐
rathyroidism is on the rise. The frequency of hypocalcaemia due to hypoparathyroidism after total thyroidectomy is
highly variable according to the literature (0.3‐68%). The primary objective of this study is to analyze the biochemical,
surgical and demographic factors related to an increased risk of hypocalcaemia.
Methodology: This retrospective study encompasses 297 patients who underwent total thyroidectomy over a period of
8 years in a tertiary hospital. Demographic, clinical and biochemical data, both preoperative, intraoperative and postope‐
rative, and their relationship with postoperative hypocalcaemia are analyzed.
Results: The rate of total hypocalcaemia was 40.2%, being transient in 26.1%.
Statistically significant variables were age (p=0.04), Graves' disease (p=0.04), carcinoma confirmed by pathology
(p=0.04), two‐stage thyroidectomy (p=0.00), the number of transplanted parathyroids (p=0.00) and pre‐ and post‐ope‐
rative PTH (p=0.03 and p=0.00) and the PTH gradient (p=0.00).
Conclusions: This study demonstrates that there are a series of risk factors intrinsic to the patient and to the surgical
procedure capable of predicting the risk of hypocalcaemia after total thyroidectomy. Possibly, the optimization of the
surgical technique could prevent the appearance of hypocalcaemia after total thyroidectomy in some cases, while in
others, the identification of these factors post‐op could allow early detection and effective treatment of these patients.
In the present study, age, Graves' disease, and parathyroid autotransplantation were associated with postoperative hypo‐
calcemia. Thyroid carcinoma and two‐stage thyroidectomy were protective factors.
Key words: total thyroidectomy, hypocalcaemia, hypoparathyroidism, risk factors.

INTRODUCTION
Total thyroidectomy is one of the most frequent cervical
surgeries, with a growing incidence in recent decades
due to the increase in diagnoses of thyroid disease1‐3.
One of the thyroid surgery complications is hypocalcae‐
mia due to iatrogenic hypoparathyroidism1,2,4‐11. This
hypo‐function may be due to direct mechanical or ther‐
mal damage, inadvertent devascularization or removal
of the parathyroid glands, post‐surgical edema or he‐
morrhagic complications1‐4,8,9,12. Both the direct damage,
as well as the edema and devascularization, can be re‐
versed over time. This explains why hypoparathyroi‐
dism is usually transient in most cases3,8,12.
According to the latest data provided by the Spanish
Thyroid Cancer Association (AECAT), 75% of cases of
hypoparathyroidism in Spain occur as a result of total

thyroidectomy, affecting between 10,200 and 17,300 pa‐
tients. This is the most frequent complication after a
total thyroidectomy.
Its frequency varies greatly in the literature, from
0.3% to 68%2,7,10‐15. It is difficult to interpret and com‐
pare the results of the various studies due to the lack of
international agreement. Recently, the SEORL‐CCC, to‐
gether with the SEEN, have reached a consensus where
they provide more specific definitions, and also recom‐
mendations to reduce hypoparathyroidism16.
Given its high incidence, studying the predictive factors
that help identify those patients with a high risk of posto‐
perative hypocalcaemia assumes considerable importance.
The main objective of this study is to analyze the bioche‐
mical, surgical and demographic factors related to an in‐
creased risk of immediate postoperative hypocalcaemia.
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MATERIAL AND METHODS
This retrospective study of 297 patients who underwent
total thyroidectomy was carried out from January 2011
to December 2018 in a tertiary care hospital.
All patients who underwent total thyroidectomy were
included, both in one and in two stages, and regardless
of the reason for the indication. All were referred from
the Endocrinology Service of the center itself after a
complete study. In each of them, the usual protocol was
performed by the ENT service: complete history, cervical
palpation and laryngoscopy to assess the mobility of the
vocal cords.
In this study, post‐op hypocalcaemia was defined as
serum calcium <8.5 mg/dL and/or appearance of symptoms
typical of hypocalcaemia. Hypoparathyroidism is defined
as the presence of hypocalcaemia with low or inadequately
normal PTH levels. This is deemed permanent if this situa‐
tion lasts more than 12 months.
Preoperative, intraoperative, and post‐op demogra‐
phic, clinical and biochemical data were collected from
each patient through medical records. Data on the sur‐
gical reports were collected, including the number of
surgeries performed (1 or 2 times), the number of ob‐
served and spared parathyroid glands and also the au‐
totransplanted parathyroid glands, the presence of
intrathoracic thyroid extension, and the association of
other surgical procedures with the thyroidectomy, such
as lymph node dissections.
Among the biochemical parameters collected, the fo‐
llowing stand out: PTH, albumin‐corrected calcium and
preoperative vitamin D; postoperative phosphorus, albu‐
min‐corrected postoperative calcium at 6 and 24 hours,
and postoperative PTH at 24 hours after total thyroidec‐
tomy. Finally, in terms of factors related to the patient and
their disease, we include age, gender, Graves' disease or
carcinoma confirmed by pathological anatomy.
The autoanalyzer used to determine PTH levels was
the Roche‐Hitachi Cobas® 6000 Series system. The nor‐
mal range for this test is between 15 and 65 pg/mL.
Spectrophotometry was used to determine both serum
calcium and vitamin D.
Data analysis was carried out with R software version
3.6.2. All variables were subjected to a normality test.
The Student's t test compared continuous parametric
variables, the Mann‐Whitney U test for non‐parametric
continuous variables and the χ2 test for proportions,
considering a value of p<0.05 as significant. The data are
presented in percentages and averages with their res‐
pective standard deviations and ranges. For the analysis
of the effect size based on differences between groups,
Cohen's d and the Odds Ratio (OR) were used. To sim‐
plify the graphic presentation of the data, tables and his‐
tograms have been used. A table is shown with the risk
factors analyzed (table 1).

mented radiological image of intrathoracic goiter. Of
those with diagnostic confirmation of cancer (33%), 92
cases corresponded to the differentiated subtype and 6
cases to medullary carcinoma.
Statistical analysis showed significant differences bet‐
ween hypocalcaemia and age (p=0.04), Graves' disease
(p=0.04), carcinoma confirmed by pathology (p=0.04),
thyroidectomy in two times (p=0.00), the number of
transplanted parathyroids (p=0.00), preoperative and
postoperative PTH at 24h (p=0.03 and p=0.00) and the
PTH gradient (p=0.00). In contrast, no significant rela‐
tionship was shown with gender (p=0.22), preoperative
calcium level (p=0.54), preoperative vitamin D (p=0.24),
goiter with intrathoracic extension (p=0.61), cervical
lymph node dissection (p=0.33) or the number of pa‐
rathyroid glands observed during surgery (p=0.99)
(table 2).
A total of 187 complications related to thyroid surgery
were recorded in 154 patients. With great difference, the
most frequent complication was hypoparathyroidism with
65%.
40.2% of the patients who underwent total thyroidec‐
tomy developed hypocalcaemia in the postoperative period
(figure 1). Of the patients with hypocalcaemia, 43 recove‐
red their calcemia levels in the first 3 months, 22 in the fo‐
llowing 3 months, and finally 13 after the sixth month of
follow‐up. Therefore, the total number of patients with
transient hypocalcemia was 78 cases (26.1%) and the re‐
maining patients who did not recover after 12 months of
follow‐up were classified as permanent hypocalcemia with
a total of 42 cases (14.1%). ) (figure 2). No case of hypocal‐
caemia could be attributed to hungry bone syndrome.

DISCUSSION
According to the latest data provided by the Spanish
Thyroid Cancer Association (AECAT), 75% of cases of
hypoparathyroidism in Spain occur as a result of total
thyroidectomy, affecting between 10,200 and 17,300 pa‐
tients. This is the most frequent complication after a
total thyroidectomy.
No factor alone predicts post‐total thyroidectomy
hypocalcemia accurately. Rather, it is about several factors
that interact with each other, with a high probability of
jointly predicting hypocalcaemia. For this reason, there is
a great discrepancy in the literature. Some authors pro‐
pose as possible risk factors the fact of completing a total
Table 1. Risk factors analyzed in relation to hypocalcaemia

Biochemical
factors

‐Preoperative CA
‐Preoperative PTH
‐Preoperative vitamin D
‐Postoperative PTH
‐PTH gradient (% decrease)

Intraoperative
factors

‐Thyroidectomy in 1 or 2 stages
‐Lymph node emptying
‐Number of parathyroid glands observed
‐Number of autotransplanted parathyroids

Factors
related
to the patient
and disease

‐Age
‐Gender
‐Overactive thyroid
‐Goiter with intra‐thoracic extension
‐Definitive AP diagnosis

RESULTS
This study included 297 patients who underwent total
thyroidectomy, the vast majority being women (81.5%),
with a mean age of 54.2±14.2 years [17‐90]. Forty‐four
patients underwent a two‐stage total thyroidectomy,
and in addition, 40 of them underwent cervical dissec‐
tion. More than half of the procedures were performed
for benign disease (64%), and of these, 32% with preo‐
perative thyroid hyperfunction (52 with thyrotoxicosis
and 43 with sub‐clinical hyperthyroidism). Of the pa‐
tients included in the present sample, 16 had a docu‐
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Table 2. Summary of the statistical analysis of the factors in relation to immediate hypocalcaemia
Normocalcaemia Hypocalcaemia

P-value

Magnitude of the effect *

55.3

52.7

rl (p = 0.04)

r = 0.116
IC (0.002 – 0.227) p = 0.04

Graves disease

13 (40.6%)

19 (59.4%)

χ2 (p = 0.04)

OR = 2.23
IC (1.05 – 4.70) p = 0.03

AP Diagnosis Thyroid Cancer

66 (61.7%)

32 (38.3%)

χ2 (p = 0.04)

OR = 0.58
IC (0.35 – 0.96) p = 0.03

2-stage total thyroidectomy

39 (84.8%)

7 (15.2%)

χ2 (p = 0,00)

OR = 0.22
IC (0.09 – 0.50) p = 0.00

Parathyroid autotransplantation

14 (31.1%)

31 (68.9%)

χ2 (p = 0.00)

OR = 4.95
IC (2.37 – 10.32) p = 0.00

Preoperative PTH (pg/ml)

55.2

39.1

t (p = 0.03)

Cohen's d: 0.89
IC (0.01 – 1.77)

Postoperative PTH (pg/ml)

37.2

8.7

u (p = 0,00)

Cohen's d: 2.59
IC (2.19 – 2.99)

PTH gradient (%)

31.2

73.1

u (p = 0.00)

Cohen's d: ‐1.57
IC (‐2.52 – ‐0.63)

139 (57.4%)

103 (42.6%)

χ2 (p = 0.22)

Preoperative calcium

9.4

9.5

u (p = 0.54)

Preoperative vitamin D

28.2

23.3

t (p = 0.24)

Intrathoracic extension

8 (50%)

8 (50%)

χ2 (p = 0.61)

Lymph node dissection

27 (67.5%)

13 (32.5%)

χ2 (p = 0.33)

Parathyroid observed

2.5

2.5

u (p = 0.99)

Age (years)

Female gender

* OR calculated on the rate of overall postoperative hypocalcaemia.
lr: linear regression; r: Pearson's correlation coefficient; t: T‐Student test; u: Mann‐Whitney U test; χ2: Chi2 test.

thyroidectomy in a patient previously operated on a he‐
mithyroidectomy, due to the distortion of the anatomy
and the difficult recognition of the parathyroids14,17.
The prevalence of transient hypocalcaemia, that is,
when it lasts less than 6‐12 months, ranges between 10%
and 40%. The permanent one, present beyond 6‐12
months, varies from 0.12% to 16.2%, according to the li‐
terature1,3,4,14,18. Diez et al. published in 2019 a prevalence
of hypoparathyroidism at discharge after total thyroidec‐
tomy of 48%, of which 52.5% recovered in the first 3‐6
months12. In the present study, the total hypocalcaemia
rate was 40.2%, with 54.2% recovering parathyroid func‐
tion in the first 6 months. Both the transitory (26.1%) and
the permanent (14.1%) conform to what is described in
the international literature. Thus, studying the predictive
factors that help identify those patients with a high risk of
post‐op hypoparathyroidism is very importance.
The average PTH at 24 hours was 24.6±17.9 pg/mL [3‐
78]. Patients with postoperative hypocalcaemia had lower
mean PTH levels at 24h (8.7 pg/mL) compared to normo‐
calcemic patients, who obtained a mean of 37.2 pg/mL
(p=0.00). PTH has been extensively studied as a predictor
of hypocalcaemia in the literature. Some studies propose
the gradient or percentage of decrease in the PTH level
from the preoperative to the postoperative period, while
others propose a single intra‐operative or postoperative
PTH level some time after surgery. In the present study, the
largest effect size is presented by postoperative PTH (Co‐

Figure 1. Rates of permanent (14.1%) and transient
(26.1%) hypocalcaemia in the sample
Permanent
14,1%

Transitory
26,1%

Normo
59,8%

hen's d: 2.59), with the additional advantage of costing less,
since it does not require preoperative PTH.
Regarding total hemi‐thyroidectomy in a second
stage, in the present study the relationship found is pro‐
tective, so that those patients operated on in a single
stage present a higher probability (4.55 times greater)
of transient hypocalcaemia (p=0.00), coinciding with the
study by Díez12. There is no significant relationship bet‐
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Figure 2. Evolution of parathyroid function in 1 year of follow-up

Survival

cases suspected of malignancy are
handled by a more experienced sur‐
gical team. As for Graves' disease,
Evolution of parathyroid function
there is a significant direct relations‐
300
78 T
hip, probably due to fibrosis due to
(26.1%)
13
thyroiditis, with these patients pre‐
senting 2.23 times more risk of hypo‐
22
calcaemia. On the other hand, there
225
is no significant relationship with
43
lymph node drainage.
It is reasonable to think that the
150
fact of preserving at least one pa‐
rathyroid gland could maintain
normal function, and even if it de‐
creased, it could be a transient
42 P
75
hypocalcaemia22,23. In various stu‐
(14.1%)
dies, however, including the pre‐
sent study, it has not been possible
to demonstrate significantly that
0
the observation and preservation
Hipo Normo
Hipo Normo
Hipo Normo
Hipo Normo
of more than two parathyroids pre‐
3 months
6 months
12 months
During
vents hypocalcaemia14,24.
Admission
In some studies, autotransplanta‐
tion of removed glands could reduce
Recovery in the first 3 months
the incidence of hypocalcaemia11.
However, in the present study this
Transitory hypocalcemia (T)
Recovery in the first 6 months
association is inverse, so that in
those patients who have autotrans‐
Recovery in the first 12 months
planted one or more glands, they had
Transitory hypocalcaemia (T)
a higher risk of hypocalcaemia at dis‐
charge (4.95 times more), but this
Normocalcaemia
relationship was not significant in
terms of permanent hypocalcaemia.
54.2% of patients with hypocalcaemia recovered parathyroid function in the first 6 months.
This concurs with other studies sho‐
wing that parathyroid autotrans‐
plantation does not guarantee
ween total thyroidectomy in a second surgical time and
recovery of parathyroid function7,12,18,24.
permanent hypocalcaemia (p=0.29). This fact could be
CONCLUSIONS
explained by the reversible parathyroid edema and de‐
vascularization caused by the surgery, allowing a second
Given the increasing number of thyroid surgeries world‐
surgical time for recovery.
wide, hypocalcaemia is assuming increasing importance
On the other hand, surgery for thyroid cancer17,19,20 or
and increasing the burden of disease in the population. A
for Graves' disease17,20 and associated cervical dissec‐
more precise understanding of the risk factors would help
tion14 have also been proposed as possible risk factors.
to better predict the risk of postoperative hypocalcaemia.
In contrast, other studies have not found a significant as‐
The factors directly related to postoperative hypocal‐
sociation11. In the study by Díez et al., the presence of
caemia were age, Graves' disease, number of transplan‐
lymph node metastases was a negative predictor of pa‐
ted parathyroids PTH preoperative and postoperative at
rathyroid recovery in patients with thyroid cancer21.
24 h and the PTH gradient; meanwhile he carcinoma
In our study, a significant protective relationship with pa‐
confirmed by pathology and two‐stage thyroidectomy
thology‐confirmed carcinoma is found, probably because
were inversely related.
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