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EDITORIAL

Maurizio Rossini

Department of Medicine,
Rheumatology Section, University of Verona

Dear Colleagues,

In this issue you will find some updates on the possible role of vitamin D in chronic kidney dis-
ease and certain gynaecological conditions. Note that in both articles the expert authors start
out by highlighting how common it is to also find vitamin D deficiency in these pathological
condifions. In the case of chronic kidney disease, they aftribute this deficit to reduced nutritional
infake secondary fo typical dietary restrictions, frequent associated gastrointestinal disorders,
and reduced exposure fo sunlight, secondary to the disability.

It is also pointed out that in this condition, native vitamin D deficiency is compounded by im-
paired calcitriol synthesis, resulting in altered mineral and bone metabolism (Chronic Kidney
Disease-Mineral Bone Disorder, CKD-MBD) characterised by a sfafe of secondary hyperpara-
thyroidism, which, though initially “adaptive” subsequently becomes “maladaptive” if not cor-
rected by adequate vitamin D supplementation.

The observation that, even in patients with advanced chronic kidney disease, requiring dialysis,
cholecalciferol administration is associated with an increase in calcitriol synthesis, is interesting,
since it demonstrates that there is also extrarenal production of calcitriol, even at the level of the
same parathyroid glands.

Although the subject has been debated, current guidelines suggest that supplementation with
nafive vitamin D [cholecalciferol or ergocalciferol] be used, especially to prevent the onset or
progression of hyperparathyroidism, perhaps achieving serum 25(OH)D levels well above
30 ng/ml in these patients, which would be preferable.

Active vitamin D metabolites should be reserved for the more advanced stages of chronic
kidney disease, when there are high serum parathormone levels, despite adequate 25(OH)
D levels. It should not be forgotten that the use of these metabolites may be associated with
hypercalcaemia, hyperphosphatemia, altered FGF-23 levels and excessive reduction in PTH
levels such that the risk of adynamic bone disease is increased.

Even when active vitamin D metabolites should be used, it would be wise, in any case, to
ensure supplementation with native vitamin D, given ifs exirarenal physiological effects and
presumed exira-skeletal benefis.

For example, how about receptors, vitamin D-modulated genes and vitamin D-activating en-
zymes in different tissues, including those of the reproductive tracte

Have you noticed how much new literature there is in our usual bibliographic update on ob-
stefrics and gynaecology?

The authors of the other article in this issue point out that genetic polymorphisms of the specific
vitamin D receptor [VDR) have been associated with different levels of sex hormones and that
the addition of vitamin D to granulosa cells is able fo increase their synthesis. This could well
justify correlations observed between vitamin D deficiency and menstrual cycle disorders or
polycystic ovary syndrome, characterised by oligo-anovulation, clinical and/or biochemical
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signs of hyperandrogenism and polycystic i terms of infertility and the correction of cer-  status assessment and a potfential opportu-
ovary morphology. fain typical associated metabolic alterations, nity for supplementation in these patients as
This could also justify the positive effects ob- including hyperinsulinism, ~ dyslipidaemia
served with supplementation, especially if and chronic inflammatory status.

daily, of patients with ovarian polycystosis, All good reasons not to neglect a vitamin D VWhat are your thoughts? Happy reading!

well.
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Vitamin D deficiency
in gynaecological diseases

Stefano Lello, Anna Capozzi

Dipartimento Salute Donna e Bambino, Fondazione Policlinico Gemelli-IRCCS, Roma

The role of vitamin D (VitD) as a significant
element in the pathophysiology of gynaeco-
logical diseases has been growing in recent
years, with laboratory data intersecting with
clinical dafa in indicating the role, or possible
roles, that this vitamin may play in the field of
gynaecology.

The production and metabolism of VitD orig-
inates from the stimulus exerted by ultraviolet
rays on the skin, with the fransformation of
7-dehydrocholesterol info  cholecalciferol,
which, in turn, is metabolised in the liver by o
25-hydroxylase. 25(0OH|D is converted at the
level of the kidneys by 1-alpha-hydroxylase
info 1,25(0H),D or calcitriol, the active me-
tabolite. Again in the kidney, 1,24,25(OH),D,
which is a biclogically inactive compound, is
formed by 24-hydroxylase (Fig.1).

VitD, which should more properly be referred
fo as D-hormone, through ifs specific receptor
(Vitamin D Receptor, VDR), is able to modulate
the activity of approximately 3,000 genes lo-
cated in different areas of the human body,
including the tissues of the female reproductive
fract (ovary, uterus, vagina). Genetic polymor-
phisms of VDR have been associated with dif-
ferent levels of luteinising hormone (LH), Sex
Hormone Binding Globulin (SHBG), testoster
one and insulin !,

In particular, as far as the reproductive fract is
concerned, VitD may exert control over ovar
ian follicle development and the luteal phase
through an interaction with anti-Mllerian hor-
mone (AMH) signalling and follicle-stimulating
hormone (FSH) ? sensitivity pathways.
Furthermore, and interestingly, the addition
of VitD to human granulosa cells in a culture
medium has also been shown fo increase the
production of certain hormones, which are
critical for ovarian activity, compared to the
non-addition of VitD, such as progesterone (to
the extent of 13%; p < 0.001), oestradiol (to
the extent of 9%; p < 0.02), estrone [fo the
extent of 21%; p < 0.002), again due to the
presence of VDR in these cells, where it medi-
ates such VitD-stimulating octivity on ovarian
activity °.
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In a 2018 study 4, which assessed the rela-
tionship between VitD status and the menstrual
cycle in women who did not have a diagnosis
of Polycystic Ovary Syndrome [PCOS), where
there were 60 women with low VitD levels
(< 30 ng/ml) and 17 with normal VitD lev-
els (> 30 ng/mlL < 80 ng/ml), it was shown
that in the group with low VitD levels there
were 40% of subjects with irregular cycles,
27% with oligomenorthea and 13% with
amenorrhoea. Instead, in the group with nor-
mal VitD levels, only 12% of the women had
mensrual cycle disorders, 6% had oligomen-
orthea and 6% had amenorthoea. Further-
more, belonging to the group with low VitD
increased the likelihood of having an irregular
menstrual cycle by a factor of 5 compared
with those women in the group with normal
VitD levels [OR = 5; (CI 95%: 1.047-23.87),
p = 0.04]. Thus, even in women without hor-
monal disorders, VitD can contribute to the
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FIGURE 1.
Vitamin D: synthesis and metabolism
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regularity of the menstrual cycle rhythm by
modulating ovarian activity. Furthermore, it
is worth mentioning how VDR is present af
the level of the endometrium ° and how, also
at the endometrial level, enzymatic activities
are present, such as 1-alpha-hydroxylase,
which are fundamental for VitD metabolism

and the production of ifs active mefabolite,
1,25(0OH),D or calcitriol ©.

VITAMIN D AND POLYCYSTIC OVARY
SYNDROME

PCOS is the most frequent hormonal disor-
der among females. It occurs in approxi-
mately the following percentages in associ-
ation with different conditions: 20% of fertile
healthy women, 75% of women with ovulo-
tory infertility, 80% of women with oligomen-
orthea, 80% of women with hypertrichosis
and regular menstrual cycle, 30% of women
with secondary amenorrhoea, 80% of wom-
en with severe acne 7.

Wanting fo consider the implications of VitD
in certain  pathophysiological  conditions
of gynaecology, one cannot but consider
PCOS, which is the most frequent hormonal
disorder in women and whose diagnosis is
based on the finding of two of the following
three parameters: oligo-anovulation, clinical
and/or biochemical signs of hyperandro-
genism, and polycystic morphology of the
ovary on ulirasound examination. In oddi-
fion to this, the role of hyperinsulinemia as
a factor that dysregulates ovarian acfivity
and the production and action of andro-
genic hormones & must be mentioned from
a pathophysiological point of view. Clini-
cally, aside from menstrual cycle disorders,
the dermatological manifestations associar
ed with PCOS are frequently the reason for
affected patients seeking medical advice.
Specifically, PCOS can be associated with
seborrhoea (oily skin), acne, hirsufism, and
androgenetic alopecia. Besides this, hyper-
insulinemia, which is frequently associated
with PCOS, can cause a characteristic skin
manifestation such as acanthosis nigricans,
which is a condition that causes areas of
dark, thick velvety skin fo form in body folds
and creases.

VitD deficiency can affect fertility among
women with PCOS. As pointed out above,
VDRs are present atf various levels, such as
in granulosa cells of ovarian follicles, in the
pituitary gland and in the endometrium. The
AMH promoter gene also contains VitD re-
sponse elements 7.

As far as the association between VitD and

PCOS is concerned, it is important to re-
call how lower VitD levels are often found
in patients with PCOS and that an associ-
ation between low VitD levels and insulin
resistance (resulting in hyperinsulinemia) has
been described in PCOS. Finally, low VitD
levels are frequently found in obese PCOS
patients 1911,

Indeed, several studies have shown low
levels of VitD in the PCOS population, with
average 25(OHD levels ranging from 11 to
31 ng/ml, although the majority of patients
have levels <20 ng/ml (67-85%) '°.

A particularly inferesting aspect is the rela-
fionship between VitD and glucose homoe-
ostasis, which appears o be based on the
presence of VDR in the beta cells of the
pancreas and skelefal muscle, cells where
the 1-alphahydroxylase enzyme is found,
which catalyses the conversion of 25(OH)
D to 1,25(0OH),D. Furthermore, there are re-
sponse elements for VitD in the human insulin
gene promoter '2. First of all, it should be
recalled that elevated calcium levels at the
intracellular level may alter the postreceptor
effects of insulin binding to ifs receptor, such
as glycogen synthase dephosphorylation
and Glucose Transporter-4 (GLUT4] activa-
tion. Therefore, VitD deficiency could lead
fo a secondary increase in parathormone
levels  (secondary  hyperparathyroidism),
with increased intracellular calcium levels,
thus reducing the response of target cells to
insulin action (glucose transport). The prev-
alence of VitD deficiency in PCOS patients
is approximately 67-85%, with serum levels
of 25(OH)D < 20 ng/ml 3. As such, the
endocrinemetabolic consequences of VitD
deficiency may be important in the patho-
genesis of PCOS, as well as in its clinical
expressivity [Fig. 2). With regard to the rela-
tionship between VitD levels and metfabolic
profiles in PCOS, reduced VitD levels are
associated with insulin resistance, regard-
less of body mass index (BMI) or waistto-hip
ratio (WHR) in women with PCOS. Interest-
ingly, there is an increase in insulin levels
in women without PCOS but who are VitD
deficient, whilst HDL cholesterol (high densi-
ty lipoprotein) correlates positively with VitD
levels regardless of BMI or WHR 4.

A cross-sectional study explored the associ-
ation between VitD status and the diagnosis
of owvulatory disorder/PCOS in a popula-
tion of 67 infertile women in good general
health. As a result, reduced VitD values (nor-
malised for other confounding factors) were
found in women with ovulation disorder and

PCOS when compared to women with infer-
fility from other causes. However, each unit
increase in VitD levels [normalised for BMI)
reduced the probability of being diagnosed
with PCOS by Q6% (p = 0.015), whilst
none of the patients with both ovulation dis-
order and PCOS had normal VitD levels,
with 39% of women with ovulation disorder
and 38% of women with PCOS had serum
levels <15 ng/ml indicafing a vitamin Defi-
ciency °.

From the standpoint of mefabolic impact,
VitD status correlates  with insulin  resist-
ance markers in PCOS (correlation be-
tween VitD deficiency and HOMA-R with
p=0.0001 and with fasting blood glucose
o = 0.047) 16,

A Chinese cross-sectional study'”, conduct
ed on 169 women with PCOS and 114
controls, found lower VitD levels in PCOS
patients compared to the controls (11.6
+ 7.2 vs 189 + 8.4 ng/ml; p < 0.05)
and lower VitD levels in PCOS patients
with obesity or insulin resistance compared
fo women without obesity or insulin resist-
ance (8.9 + 3.7 vs 13.6 + 5.3 ng/ml,
p<0.05,72+29vs158=+4.9ng/ml,
p < 0.01). Other metabolic and inflamma-
fory parameters also correlated significantly
with baseline VitD levels (Tab. ).

The first study, which evaluated the effect of
VitD supplementation in the management of
PCOS, was carried out by Thysjacobs ef
al. in 1999 In this study, 13 women with
PCOS were treated with 50,000 IU ergoc-
alciferol weekly or every 2 weeks to achieve
a serum VitD level of 75-100 nmol/L. An
improvement in menstrual regularity was re-
ported within two months '€.

In o 2012 study %, 12 women with
PCOS, who were both overweight and
VitD-deficient, received VitD supplements
for 3 months (daily dose of 3,533 unis,
increased to 8,533 units after the first 5
parficipants) along with 530 mg calcium.
After 3 months there was a reduction in tofal
testosterone (p = 0.036) and androstenedi-
one levels [although this reduction was not
significant). A randomised, placebo-con-
frolled trial % conducted on 70 women with
PCOS and VitD deficiency (< 20 ng/ml)
(aged between 18 and 40 years), studied
two groups of patients. One group was
freated with 50,000 units of VitD every 2
weeks for 3 months and the other with pla-
cebo. The results showed a statistically sig-
nificant difference in fasting blood glucose
levels (3.1 + 7.3 vs + 0.5 + 6.3 mg/d|,
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p = 0.02), in baseline insulin levels [-1.4 +
3.6vs+2.6+7.0plU/mlL, p=0.004)and
in HOMA-R levels (0.3 + 0.8 vs + 0.6 +
1.6, p=0.003).

Furthermore, hs-CRP levels were also found
fo be significantly lower (0.7 + 1.4 vs +
0.5 + 2.1 pg/mL; p = 0.009), as were
malondialdehyde levels (0.1 + 0.5 vs +
0.9+ 2.1 pmol/L, p = 0.01).

A 2020 meta-analysis, published by Miao

TABLE |

et al.?', looked at 11 studies (= 483 sub-
jects): of the 11 studies considered, 7 report-
ed PCOS diagnosis and VitD deficiency as
inclusion criteria. This mefa-analysis showed
VitD supplementation fo be associated with
a reduction in fotal testosterone (mean dif-
ference: -0.10; ClI 95%: -0.18, -0.02;
p = 0.02), reduction in HOMAIR [mean
difference: -0.44, Cl 95%: -0.86, -0.03,

p = 0.04), reduction in fofal cholesterol

Vitamin D status and metabolic factors in PCOS (Wang et al., 2020, mod.)."”

25(0OH)D < 25(0OH)D >20  25(OCH)D >30 p*

20 ng/mL <30 ng/mL ng/mL

(deficiency) (deficiency) (normal level)
BAMI 273+9.2 25.4+8.1 235+93 0.029
WHR 1.0+£04 09+05 08+0.3 0.036
Insulin (mlU/L) 39.6+10.7 335+99 268+85 0.012
HOMAR 89+37 73+28 57+21 0.009
Total Cholesterol (mmol,/L) 6.1+17 55+1.6 42+14 0.03
hs-CRP (mg/L) 2409 19406 14403 0.017
HDL( mmol/L) 1.3+0.6 1407 18406 0.03

* Analysis of variance. BMI: Body mass index; WHR: Waist/Hip Ratio; HOMA-R: Homeostatic Model Assessment for Insulin Resistance;
hs-CRP: high sensitivity C-reactive protein; HDL: high density lipoprotein.
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levels (mean difference:-11.90, Cl 95%:
-15.67, 8.13, p < 0.01), reduction in
[Dl-cholesterol  levels  (mean  difference:
-4.54, Cl 95%: -7.29,-1.80, p = 0.001).
In another meta-analysis published in 2021,
conducted considering 18 randomised, pla-
cebo-controlled frials (= 1,060 subjects, all
with mean VitD values at baseline < 30 ng/
ml), Zhao et al. ?* showed that ViiD sup-
plementation had a positive impact on the
hormonal, oxidative and inflammatory pro-
file in PCOS. Indeed, there was a reduc-
tion in tofal testosterone levels (CI 95%:
-0.40, -0.07; p = 0.0006), reduced levels
of high-sensitivity C-reactive protein (hs CRP)
(Cl 95%: -0.73, -0.38; p < 0.00001), re-
duction in malondialdehyde levels (Cl 95%:
-0.90,-0.54; p<0.0001), increased levels
of total antioxidant capacity (Cl 95%: 0.01,
0.83; p = 0.04). Again, in this meta-analy-
sis, it was shown that the most appropriate
supplementation scheme to achieve these
results is daily supplementation with doses
< 1,000 U/day, which appeared to be
better than weekly administration, with a
suifable durafion appearing fo be af least
12 weeks.

A recent systematic review with methanoly-
sis 23, was conducted considering @ RCTs
(randomised controlled trials) (n = 1677)
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and 3 cohort studies (n = 675), on infertile
patients with VitD deficiency, that evaluated
the influence of VitD supplementation on re-
productive outcome, starting from the fact
that a low VitD level is associated with an
increased risk of infertility. So, VitD treatment
significantly increased the clinical pregnan-
cy rafe compared fo the control group (OR:
1.70, Cl195%: 1.24-2.34; p=0.001). The
improvement in the pregnancy rate was in-
fluenced by the patients’ VitD level, the type
of preparation administered, the total dos-
age administered, the duration of freatment,
the frequency of administration, and the dai-
ly administration of VitD supplementation.
Infertile women (with VitD levels <30 ng/
ml) treated with multicomponent preparo-
tions with VitD or with 1,000-10,000 units
of VitD per day for 30-60 days could have
had a better pregnancy oufcome.

CONCLUSIONS

VitD plays a physiological role in female
reproductive function. Specifically, it is im-
portant to maintain an adequate vitamin D
status, both under normal physiological con-
ditions and in women with gynaecological
conditions [e.g., PCOS). Assessment of vita-
min D status in women's health and, if neces-
sary, supplementation can be very important
for clinical practice.
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INTRODUCTION

The term “vitamin D" denotes a group of ster-
oid, fatsoluble compounds that are essential
for the regulation of calcium and phosphorous
mefabolism, mediated mainly through intesti-
nal absorption.

The two most important isoforms, referred fo
cumulatively as “native vitamin D", are er
gocalciferol (vitamin D,) and cholecalciferol
(vitamin D,). Ergocalciferol, which is only
synthesised by plants and fungi, is infroduced
through the dief, whereas cholecalciferol, on
the other hand, is both exogenously and en-
dogenously synthesised and is derived from
the photolysis of 7-dehydrocholesterol, medi-
ated by UVB radiation affecting the skin 5.
Ergocalciferol and cholecalciferol represent
the two inactive forms of vitamin D. Their frans-
formation info the biclogically active form, cal-
citriol [1,25(0OH),D], requires a hydroxylation
process that takes place in two consecutive
steps. The first step takes place in the liver,
where, vitamins D, and D, are hydroxylated
at the C25 position by vitamin D 25-hydrox-
ylase and converted to 25-hydroxy-vitamin D
[25(CH)D or calcifediol], which is the quan-
fifiable form primarily used to determine se-
rum vitamin D levels. The second step takes
place at the level of the proximal tubule of
the kidney by way of 1-alpha-hydroxylase,
where, 25(OH)D is hydroxylated af C1 to
form 1,25-dihydroxyvitamin D, also known
as 1,25(0H),D or calcifriol . Nevertheless,
it is also known that 1-alpha-hydroxylase ac-
fivity (which represents the ability to produce
1,25-dihydroxyvitamin D) can also be found
in activated macrophages, osteoblastfs, and
keratinocytes, whilst its presence has also
been documented in the prostate, colon and
breast. Furthermore, 1-alpha-hydroxylase is
capable of acfivating nutritional and prohor
monal forms of vitamin D.

1,25(0H).D is the “active” form of vitamin D.
lts serum quantification, although important in
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some diseases, provides little information on
vitamin D status, which can usually be normal
or even elevated when hyperparathyroidism is
associated with vitamin D deficiency '.

Upon reaching its target organs, 1,25(0OH),D,
which is delivered info the bloodstream by a
circulating vitamin D binding protein (VDBP),
binds with the vitamin D receptor (VDR). The
VDR, which can boast an almost ubiquitous
and fissue-dependent expression in nucleated
cells, belongs to a large group of ligand-ac-
fivated nuclear franscription factors. This ex-
plains how vitamin D, in addition to regulating
intestinal absorption and the mobilisation of
calcium and phosphorous, also exerts sever-
al functions pertaining fo mineral metabolism,
aside from its osteogenic effects. Vitamin D re-
sponsive elements (VDRE) mediate the effects
of vifamin D and lead to changes in the ex-
pression of several genes ? (Fig. 1).

The morphological and functional integrity of
bone fissue reflects the regulation and mainfe-
nance of bone remodelling. This latter is the
expression of the activity of osteoblasts, which
control bone neoformation, and osteoclasts,
which have the ability to resorb mineralised
bone, an activity that is modulated by osteo-
blasts through the RANK-RANKI-OPG system.
The RANK ligand, which is secreted by osteo-
blasts, and binds to a receptor (RANK) pres-
ent on the surface of pre-osteoclasts, stimulates
their differentiation into active (mature) osteo-
closts, whilst OPG, which is also secreted by
osteoblasts, prevents RANK ligand binding fo
its receptor, thus inhibiting osfeoclastic activa-
fion.

These complex interactions are regulated by
local and systemic hormones such as PTH,
Wht signalling pathways, FGF23 and pre-
cisely 1,25(0OH),D, which plays a key role in
the regulation of bone remodelling °.

The primary “endocrine” effect that follows
vitamin D receptor (VDR| activation is the regu-
lation of mineral and bone homoeostasis. VDR
activation controls calcium and phosphate ab-
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FIGURE 1.
Vitamin D metabolism and its effects.

sorption in the intestine, tubular calcium re-
absorption in the kidney and the activity and
vitality of bone cells. At the level of osteo-
blasts, 1,25(0OH),D is able fo increase the
expression of the Runtrelated transcription
factor (RUNX2) 2, of osterix (OSX] and of
alkaline phosphatase, which are molecules
involved in osteoblastic differentiation and
mineralisation in several ways. Furthermore,
the expression of the Winglesstype (VWnt
beta catenin pathway), an important regula-
tor of osteoblast differentiation and function,
is increased by 1,25(0OH),D “.

In addition fo stimulating bone formation,
calcitriol also promotes bone resorption by
increasing the number and activity of os-
teoclasts. The effects may be mediated by
VDRs and alpha-hydroxylase, which are
also expressed in osfteoclasts, macrophage
colony-stimulating factor (m-CSF) and by the
receptor activator of nuclear factor kappa-B

ligand (RANKIL) °.

VITAMIN D IN CHRONIC KIDNEY DISEASE
Native vitamin D deficiency, which is ex-
fremely common in patients with chronic
kidney disease (CKD), is affributable fo sev-
eral conditions, such as reduced nutritional
infake secondary to diefary resfrictions fo
which kidney patients are frequently sub-
jected (low-protein and low-phosphate dief),
reduced appetite and gastrointestinal symp-
toms, diminished UVB exposure related to

LUNGS Reduces synthesis and
release of PTH

&

Regulation of hone
remodelling

Increases absorption
of Calcium and
phosphorous

P 12506,

Reduces
. inflammatory
processes

Induces the
. differentiation of
Reduces left ventricular immune cells

hypertrophy

reduced mobility and frequent hospitaliso-
fions ©. Then, progressive decline in eGFR
has been associated with an increase in
the prevalence of vitamin D deficiency. A
crosssectional study conducted on 825 di-
alysis patients showed that 78% of those pa-
fients had a vitamin D deficiency with values
< 30 ng/ml and 18% of those patients had
severe deficiency with values <10 ng/ ml.
That study also showed that low vitamin D
values were associated with an increased
risk of early mortality.” In addition to a nafive
vitamin D deficiency, there is also reduced
calcitriol synthesis in CKD. In foct, the pro-
gressive loss of renal function is frequently
associated with reduced 1-alpha-hydroxy-
lase activity and consequently reduced pro-
duction of 1,25(OH),D 2.In CKD, vitamin D
deficiency should be seen in a broader con-
text because it underlies (even though it can-
not be seen as the only causative factor) the
alferations in calcium, phosphorus and PTH.
The development of secondary hyperparath-
yroidism typically follows the onset of these
alterations, which is a clinical and laborato-
ry situation that is peculiar to CKD. Further
more, among these patients, the altered ho-
moeostasis of mineral metabolism not only
affects the skelefal system, but is also closely
associated with other important alterations,
such as the development of vascular calci-
fications and, above all, the progression of
cardiovascular disease *.

VITAMIN D IN MINERAL METABOLISM
DISORDERS INDUCED BY CKD

CKD is closely associated with the presence
of dlterations in bone metabolism including
dysregulation of calcium and phosphorus me-
tabolism as well as the pathophysiological
axis represented by vitamin D-PTHFGF23.
In 2006, the KDIGO (Kidney Disease
Improving  Global Outcomes) guidelines
coined the definition of CKD-MBD (Chronic
Kidney Disease-Mineral Bone Disorder] fo
describe alterations in mineral metabolism
and the resulting diseases, such as bone
and cardiovascular disorders, associated
with increased fracture and cardiovascular
risk &. These alterations have been found to
already be present in approximately 40 to
80% of patients with stage 3 or 4 CKD °.
Although the exact chronological sequence
of the pathophysiological steps is not com-
plefely known, it is believed that the in-
creased serum phosphate levels resulting
from reduced kidney function stimulate the
synthesis and release by osteoblasts and
osteocytes of fibroblast growth factor 23
(FGF23), which inhibits PTH synthesis, whist
it also inhibits 1-alpha-hydroxylase in the kid-
ney, resulling in reduced calcitriol levels and
increased PTH synthesis. Consfant sfimulo-
tion of the parathyroid cells and the failure
to correct modifiable factors, such as vita-
min D deficiency and hyperphosphatemia,
induce a response that is inifially “adaptive”
but which later becomes, if not corrected
by appropriate dietary and pharmacolog-
ical infervention, “maladaptive”, which is
characterised by polyclonal hyperplasia of
the parathyroid cells. The transition of pol
yclonal hyperplasia to a “nodular” form of
hyperplasia leads to a further progression
of secondary hyperparathyroidism, which
is characterised, af the level of the para-
thyroid, by a series of morphological and
functional adaptations (reduced expression
of the VDR). All of this tends to make the clin-
ical situation poorly responsive to pharmao-
cological therapy, thereby making recourse
fo surgical treatment necessary (parathyroid-
ectomy) 0.

Therefore, vitamin D does indeed play a key
role in the genesis and progression of sec-
ondary hyperparathyroidism. Actually, phys-
iological concentrations of 1,25(OH)D have
an inhibitory effect on PTH transcription.
Moreover, faced with a low affinity for VDR,
high serum levels of 25(OH|D have been
shown to activate VDR, thus mimicking the
effect of 1,25(0OH),D. Besides, 1-alphahy-
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droxylase, a key enzyme in the conversion
of calcifediol to calcitriol, is found in the par-
athyroid glands and in many other exirare-
nal tissues, presumably for local production
of the hormone.

In this regard, it has been shown that se-
rum levels of 25(OH|D and 1,25(CH),D
increase in response to the administration
of nutritional vitamin D (cholecalciferol and
ergocalciferol) in dialysed patients. Clearly,
this suggests that 1-alpha-hydroxylase ac-
fivity is also present in extrarenal tissues in
CKD, which, in the presence of high levels
of 25-hydroxyvitamin D, is able to allow
sufficient extrarenal production of 1,25-dihy-
droxyvitamin D for PTH confrol.

Since the parathyroid glands express 1-al-
pharhydroxylase, a possible autocrine mech-
anism through which nutritional vitamin D
supplementation is able to reduce PTH pro-
duction should be considered.

The latest KDIGO Guidelines (2017) for
the management of CKDMBD indicate the
importance of monitoring serum levels of
calcium, phosphate and PTH at the onset
of stage G3a CKD and of assessing their
frends over fime, as well as suggesting that
25(OH)D levels be measured to diagnose
vitamin D deficiency (Fig. 2) 8.

With regard to vitamin D values in the gen-
eral population, reference is made fo the
recommendations of the Endocrine Society,
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which esfablish deficiency with 25(OH|D
concenfrations at < 20 ng/ml, insufficien-
cy with concenfrations between 21 and
29 ng/ml and normal levels or sufficiency
with serum levels that are >30 ng/ml 2.
Several guidelines have been formulated
over the years concerning the population
with CKD that have made different claims
regarding the diagnosis and treatment of vi-
tamin D deficiency.

The most recent indications from the Nation-
al Kidney Foundation, have established that
25(OH)D concentrations at >20 ng/ml can
be considered “adequate”, whereas con-
cenfrations at <15 ng/ml should be treat
ed. For 25(CHID levels between 15 and
20 ng/ml, consideration should also be
given to PTH levels and the counterregula-
fory activity of vitamin D on this hormone '°.
Vitamin D supplementation in patients with
CKD is sfill a much debated topic. The KDI-
GO guidelines suggest supplementation with
nutritional vitamin D (cholecalciferol and er-
gocalciferol), as for the general population,
fo improve the deficiency status and prevent
the onset and progression of secondary hy-
perparathyroidism . However, there are no
conclusive studies currently available on the
effect of native vitamin D supplementation on
PTH values, although those that are availa-
ble show no alterations in calcium and phos-
phorus levels nor any adverse events. It has
been hypothesised that nutritional vitamin D

supplementation tends to be more effective
in preventing the onset and progression of
hyperparathyroidism rather than actually re-
ducing PTH values when these have already
become elevated in the advanced stages of
the disease.

Secondary hyperparathyroidism is a process
whose onset begins slowly from the earliest
stages of CKD (conservative phase), whilst
its onsef and/or progression may be pre-
vented by correcting the vitamin D deficien-
cy with early and adequate supplementation
treatment. For 25(OH)D levels between 15
and 20 ng/ml, PTH levels should also be
considered, whilst the activity of nutritional
vitamin D, may reduce the negative effects
of secondary hyperparathyroidism on bone
remodelling 4, whereas supplementation
may also reduce the risk of having PTH levels
above the farget ranges recommended by
KDIGO along with the need for increased
drug prescriptions during the subsequent di-
alysis phase '°.

Furthermore, in light of preclinical and clini-
cal studies, it is likely that in the pathophys-
iological context of CKD, the antagonising
action of the nutritional vitamin on the onset
of secondary hyperparathyroidism would be
expressed in the presence of higher serum
levels of 25(0OH) [> 40 ng/ml] than those
considered “effective” for the general pop-
ulation 6. All of this suggests that within a
specific pathophysiological context, such as
CKD, the currently recommended 25(OH)D
levels (> 30 ng/ml) may not be effective,
i.e., sufficient for the freatment of SPHT.

Both the KDIGO guidelines and the recom-
mendations of the National Kidney Foun-
dation submit that supplementation with
nutritional vitamin D (ergocalciferol, chole-
calciferol) should be prioritised first, and
only afterwards should active vitamin D
compounds [vitamin D receptor activators:
VDRA|] be infroduced, reserving the latter
for more advanced stages of CKD and for
cases of severe hyperparathyroidism that
cannof be controlled by nutritional vitamin D
alone. Moreover, treatment with VDRAs
should be undertaken when the stage of
CKD is advanced, when high PTH values
associated with adequate 25(OH|D levels
are present and in the absence of elevated
levels of calcaemia or phosphoremia &17.
In fact, VDRAs should be used with caution
since cases of hypercalcaemia and hyper-
phosphoremia have been reported. Further-
more, their ability to induce excessive PTH
depletion may increase the risk of adynamic
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bone disease, whilst the increase in FGF-23
levels 7, which in itself is a negative effect,
should always be taken into account.

In conclusion, clearly, vitamin D plays a key
role in CKD considering that, in light of the
ubiquity of vitamin D receptors, its role is cru-
cial for the body’s homoeostasis in general
and ifs action cannot be reduced to bone
metabolism alone. Therefore, vitamin D de-
ficiency should be diagnosed and freated
promptly, even more so in patients with CKD
in light of its important impact on hyperpar-
athyroidism and on the regulation of bone
mefabolism.
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