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I
diopathic hypercalciuria (IH) was
described for the first time by

Albright et al.1 as a condition of
increased urinary calcium excretion
without evident metabolic or endo-
crine causes, to differentiate it from
disorders with known underlying
mechanisms such as hyperparathy-
roidism, malignancy, sarcoidosis,
and vitamin D poisoning. Since
then, numerous regulatory path-
ways have been explored to clarify
metabolic factors, cytokines, and
genes contributing to IH in animal
models and patient samples.2,3

Despite that, we still lack a better
understanding of mechanisms lead-
ing to the increased urinary calcium
excretion in patients with IH and
explaining the unbalance among the
determinants of calcium excretion,
such as intestinal calcium
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absorption, bone metabolism, and
tubular calcium reabsorption.

Due to its characteristics, IH is
considered a multifactorial disor-
der involving multiple environ-
mental factors and genes in its
pathogenesis.2 Patients with IH
show a complex phenotype,
including alterations of bone
remodeling, intestinal calcium ab-
sorption, and urinary calcium
reabsorption. Because of its role in
divalent ion homeostasis,
exploring vitamin D regulatory
pathways has become a wise
approach in IH.4 Earliest studies
hypothesized an increase of
1,25(OH)2D levels and a higher
conversion of 25(OH)D to
1,25(OH)2D supporting calcium
intestinal absorption in hyper-
calciuric patients.5

In addition to IH, monogenic
forms of stone disease with hyper-
calciuria are known andmutation or
polymorphisms at these genes may
account for a proportion of neph-
rolithiasis and could contribute to
the causal events and the phenotype
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of hypercalciuric patients.2 Idio-
pathic infantile hypercalcemia is a
rare autosomal recessive monogenic
disorder due to mutations in the
CYP24A1 gene.6 The product
encoded by CYP24A1 is an enzyme
that can inactivate 25(OH)D and
1,25(OH)2D by hydroxylation of
their molecules at the carbon in
position 24. Mutations or poly-
morphisms at CYP24A1 gene may
influence the activity of its enzy-
matic product and the distribution
of vitamin D metabolites. Carriers of
genetic variants as homozygotes or
double heterozygotes develop the
typical phenotype of idiopathic in-
fantile hypercalcemia, including
kidney stones and nephrocalcinosis
and are characterized by hyper-
calciuria, hypercalcemia, low serum
parathyroid hormone, and high
serum concentrations of
1,25(OH)2D, and 25(OH)D. Hetero-
zygous carriers for CYP24A1 vari-
ants may develop higher serum
calcium and 25(OH)D concentra-
tions compared to wild type and
may be predisposed to kidney stone
production. Studies in patients car-
rying these mutations showed that
25(OH)D-to-24,25(OH)2D ratio may
express the activity of CYP24A1;
the increase of this ratio occurs
when the enzyme activity decreases
and could identify patients carrying
mutations at the CYP24A1 gene.

In this regard, the study by
Dhayat et al.7 hypothesized a role of
the vitamin D-inactivating enzyme
(CYP24A1) in the pathogenesis of
IH. In their observational, cross-
sectional, cohort study, the authors
used the vitamin D metabolite
diagnostic ratio (25(OH)D/24,25(OH)
2D ratio; VMDR) to estimate the
vitamin D-inactivating enzyme
(CYP24A1) activity (the higher
VMDR, the lower CYP24A1 activ-
ity) and explored the association of
VMDR with the variables involved
in the phenotype of IH. The study
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included 974 adults aged$18 years
having a clinical history with 2 or
more kidney stones or 1 stone
combined with additional risk fac-
tors for stone recurrence. Patients
were recruited from the Swiss Kid-
ney Stone Cohort and the Bern
Kidney Stone Registry and had their
bone densitometry and blood
metabolic workup performed. Frac-
tional excretion of calcium and
mean 24-hour urinary calcium
excretion were also determined.
Age, sex (male/female), body mass
index, estimated glomerular filtra-
tion rate, and baseline plasma
25(OH)D were addressed as poten-
tial confounders due to their ca-
pacity to interact with the total
plasma 24,25(OH)D concentration.
A sensitivity analysis was per-
formed to address medications in
use, urinary sodium excretion, and
monthly fluctuations of VMDR
because these factors can potentially
affect urinary calcium excretion and
total calcium balance. A VMDR<25
was considered normal, whereas
VMDR between 25 and 80 identified
monoallelic carriers of pathogenic
CYP24A1 variants and VMDR >80
biallelic carriers of pathogenic
CYP24A1. The study population
was stratified in 2 subgroups ac-
cording to their baseline levels of
25(OH)D < or $ 20 ng/ml, to
further assess the association be-
tween clinical traits of IH and the
VMDR model. Stone formers with
low 25(OH)D (<20 ng/ml) had
significantly higher VMDR
compared to stone formers in the
normal range. Interestingly, the as-
sociation between VMDR and serum
levels of 1,25(OH)2D was observed
when the analysis was adjusted for
fibroblast growth factor 23, a key
factor in the regulation of 1,25(OH)
2D synthesis. After univariate and
multivariate linear regression anal-
ysis, the authors found an associa-
tion between the CYP24A1 activity,
estimated by VMDR, and serum
calcium, urine calcium excretion,
744
kidney stone composition, and bone
mineral density at the femoral neck
in patients with IH. The study
captured a direct association of
VMDR with both total and ionized
plasma calcium, and an association
between reduced CYP24A1 activity
and a lower bone mineral density at
the femoral neck.

Nephrolithiasis is the most
common clinical expression of IH;
however, it may also predispose to
hematuria in children and bone
mass loss in adults.8 This may
explain the frequent association of
IH and nephrolithiasis with
osteopenia-osteoporosis and bone
fracture. Due to its complex nature
and its variable clinical presenta-
tion, diagnosis of IH usually occurs
after its complications have already
arisen, making the treatment of IH
and the prevention of complica-
tions challenging.

Patients with nephrolithiasis
usually undergo regular monitoring
and follow-up schemes for years
with therapy based on high fluid
intake, potassium citrate, thiazide
diuretic agents, and reduced sodium
diet. These measures are usually
prescribed for the prevention of
recurrent calcium renal stones9

aiming at decreasing calcium
excretion. However, due to the
variability in symptoms and patient
characteristics, and the unknown
pathogenetic pathways involved in
IH, developing individualized
treatment plans remains a challenge.

Given that the phenotype in pa-
tients with IH is sustained by
different mechanisms and is influ-
enced by a mixture of multiple fac-
tors acting in calcium metabolism,
assessing treatment efficacy, adjust-
ing interventions, and monitoring
for complications are currently still
very much conditional on the
phenotypic expression of the uri-
nary calcium excretion rather than
in the correction of the dysfunc-
tional pathways leading to the IH.
The study by Dhayat et al.7 was
featured not only by a detailed
phenotype analysis, which included
stone and bone mineral density
measurements, but also by an in-
depth investigation of the vitamin
D cascade allowing a better under-
standing of its role in the patho-
genesis of the IH. It is currently
known that CYP24A1 expression is
influenced by a complex array of
substances, including inflammatory
cytokines, diet, and genetic fac-
tors.2,3 The concept supported in the
current study suggests an elevated
VMDR to be secondary by either
monoallelic or biallelic mutations in
CYP24A1. These mutations would
theoretically lead to increased levels
of 1,25(OH)2D (relative to 25(OH)D
and 24,25(OH)2D), increased intes-
tinal calcium absorption, increased
plasma calcium, suppressed para-
thyroid hormone, hypercalciuria
and calcium stone formation
(Figure 1). In the present study, high
1,25(OH)2D and low or suppressed
parathyroid hormone were not
commonly seen in patients, possibly
reflecting its limitations due to the
observational and cross-sectional
nature; and the yet not fully un-
derstood complex chain of feedback
elements involved, such as vitamin
D metabolites, fibroblast growth
factor 23, serum calcium, and phos-
phate levels. In addition, VMDRwas
used in this study as a surrogate
marker for the activity of CYP24A1
expression limiting the casual im-
plications of these findings.

Despite the need for further
validation, the study by Dhayat
et al7 shed light on the contribu-
tions of the dysfunctional vitamin
D pathway in the development of
IH allowing us to envision a future
where VMDR could be used both
as a diagnostic tool and as a follow-
up marker in the metabolic work-
up of kidney stone formers. This
will be especially useful in the
prospect of the predictive capacity
of VMDR in foretelling the risk of
kidney stone recurrence and
Kidney International Reports (2024) 9, 743–745



Figure 1. The 24-hydroxylation of 1,25(OH)2D and 25(OH)D is the first step in the catalytic
pathway of these vitamin D metabolites. A deficiency in CYP24A1 leads to an increased
expression of 1,25(OH)2D and 25(OH)D that increased the risk of kidney stone recurrence and
osteoporosis though an increase of serum and urinary calcium. The effect on 1,25(OH)2D
synthesis is hampered by the increase in fibroblast growth factor 23 production associated
with CYP24A1 decreased activity.7
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osteoporosis as such and in
response to current treatment
strategies. Finally, this study once
again shows that monogenic dis-
eases may be a rich source of in-
formation for understanding
metabolic pathways in multifacto-
rial disorders such as IH and cal-
cium nephrolithiasis.
Kidney International Reports (2024) 9, 743–745
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