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Abstract
Context  The previous studies suggested a possible increased risk of hypercalcaemia and reduced bone mineral density 
(BMD) in Williams’ syndrome (WS). However, an extensive study regarding bone metabolism has never been performed.
Objective  To investigate bone health in young adults with WS.
Design  Cross-sectional study.
Settings  Endocrinology and Metabolic Diseases and Medical Genetic Units.
Patients  29 WS young adults and 29 age- and sex-matched controls.
Main outcome measures  In all subjects, calcium, phosphorus, bone alkaline phosphatase (bALP), parathyroid hormone 
(PTH), 25-hydroxyvitamin D (25OHVitD), osteocalcin (OC), carboxyterminal cross-linking telopeptide of type I collagen 
(CTX), 24-h urinary calcium and phosphorus, femoral-neck (FN) and lumbar-spine (LS) BMD and vertebral fractures (VFx) 
were assessed. In 19 patients, serum fibroblast growth factor-23 (FGF23) levels were measured.
Results  WS patients showed lower phosphorus (3.1 ± 0.7 vs 3.8 ± 0.5 mg/dL, p = 0.0001) and TmP/GFR (0.81 ± 0.32 vs 
1.06 ± 0.25 mmol/L, p = 0.001), and an increased prevalence (p = 0.005) of hypophosphoremia (34.5 vs 3.4%) and reduced 
TmP/GFR (37.9 vs 3.4%). Moreover, bALP (26.3 ± 8.5 vs 35.0 ± 8.0 U/L), PTH (24.5 ± 12.6 vs 33.7 ± 10.8 pg/mL), OC 
(19.4 ± 5.3 vs 24.5 ± 8.7 ng/mL), and FN-BMD (− 0.51 ± 0.32 vs 0.36 ± 0.32) were significantly lower (p < 0.05), while CTX 
significantly higher (401.2 ± 169.3 vs 322.3 ± 122.4 pg/mL, p < 0.05). Serum and urinary calcium and 25OHVitD levels, LS-
BMD and VFx prevalence were comparable. No cases of hypercalcemia and suppressed FGF23 were documented. Patients 
with low vs normal phosphorus and low vs normal TmP/GFR showed comparable FGF23 levels. FGF23 did not correlate 
with phosphorus and TmP/GFR values.
Conclusions  Adult WS patients have reduced TmP/GFR, inappropriately normal FGF23 levels and an uncoupled bone 
turnover with low femoral BMD.
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Introduction

Williams’ syndrome (WS; OMIM #194050) is a rare 
genetic disorder caused by a hemizygous microdeletion 
on chromosome 7q11.23 with a prevalence ranging from 
1/7500 to 1/20,000 live births [1–3]. The clinical pheno-
type is widely heterogeneous and is mainly characterized 
by unique facial dysmorphisms and personality, mild 
intellectual disability, growth retardation, impaired glu-
cose metabolism, thyroid dysfunction, and cardiovascular 
abnormalities [4, 5]. In the past, some studies found an 
increased risk of hypercalcaemia in WS patients. In par-
ticular, mild hypercalcaemia [serum calcium < 11.5 mg/
dL (2.88 mmol/L)] has been reported in 5–50% of WS 
patients [6–9], and some cases of severe hypercalcemia 
have been described in childhood [10]. The causal factor 
has not been clarified and various mechanisms, includ-
ing a pathological metabolism of vitamin D or calcitonin, 
have been hypothesized [11, 12]. In addition, a previous 
not-controlled study suggested that in WS, a reduced bone 
mineral density (BMD) could be present [13], but data 
regarding calcium–phosphorous metabolism, bone turno-
ver, and the presence of asymptomatic vertebral fractures 
(VFx) in WS patients are completely lacking.

Therefore, the aim of our study was to assess bone 
involvement in a population of young adults with WS com-
pared with a control group by evaluating calcium–phos-
phorus metabolism, bone turnover indexes, the BMD, and 
the prevalence of morphometric VFx.

Subjects and methods

Subjects

From February to June 2016, 33 WS patients referred to 
the Medical Genetic Unit of our hospital were evaluated 
for the enrolment in the study. The diagnosis of WS was 
made clinically and confirmed in all cases by the typi-
cal ELN gene hemizygosity shown by FISH. None of the 
patients’ parents had the clinical features of WS, thus 
suggesting that all cases were de novo presentations. 
The exclusion criteria were the following: past or cur-
rent history of diseases known to affect bone tissue (i.e., 
thyrotoxicosis, bowel diseases, chronic hepatic or renal 
diseases, alcoholism, rheumatologic or hematologic dis-
eases, hypogonadism in males, and postmenopausal status 
in females) and intake of diuretics or drugs influencing 
bone metabolism. Eventually, 29 WS young patients (13 
females and 16 males, mean age 28.8 ± 5.5 years) were 
included in the study. During the same period of time, 

29 subjects matched for age and sex were consecutively 
enrolled as controls on the basis of the above-mentioned 
exclusion criteria from our outpatient clinics for endocrine 
diseases, where they were referred for unrelated diseases 
(multinodular goiter with normal thyroid function without 
others’ pathological conditions).

In all patients and controls, besides medical reports, 
clinical history and general chemistry profile, serum cal-
cium, phosphorus, albumin, bone alkaline phosphatase 
(bALP), parathyroid hormone (PTH), 25-hydroxyvitamin D 
(25OHVitD), osteocalcin (OC), and serum carboxyterminal 
cross-linking telopeptide of type I collagen levels (CTX), 
urinary calcium and phosphorus in 3- and 24-h urine collec-
tion were measured. In 19 patients, we also evaluated serum 
fibroblast growth factor 23 (FGF23) levels on samples stored 
in a − 20 °C freezer until the time of testing. In all subjects, 
the BMD at femoral neck (FN) and lumbar spine (LS) and 
VFx were assessed.

Methods

Weight and height were measured by standard procedures; 
body mass index (BMI) was calculated according to the for-
mula weight (kg)/[height (m)]2 [14].

Serum and urinary samples were collected between 8 a.m. 
and 9 a.m. after 8-h fasting. All samples were analysed in 
the same laboratory. Serum and urinary calcium and phos-
phorus, albumin, and bALP were measured by the standard 
techniques [reference intervals: serum calcium 8.4–10.2 mg/
dL (2.1–2.6 mmol/L), serum phosphorus 2.7–4.5 mg/dL 
(0.87–1.45 mmol/L), bALP 15–60 U/L]. Total calcium 
was corrected for serum albumin (Caalb adj) according to 
the formula Caalb adj (milligrams per deciliter) = total cal-
cium + [(4.4 − albumin in grams per deciliter) × 0.8] [15]. 
Measurement of ionized calcium was made using calcium 
ion-selective electrode direct potentiometry (reference inter-
val 1.13–1.32 mmol/L). Hypercalciuria was defined as uri-
nary calcium excretion of ≥ 4-mg/kg body weight/day in 
both sexes [16]. Serum intact PTH levels were measured by a 
two-step automated sandwich chemiluminescent immunoas-
say (CLIA; DiaSorin), with intra- and interassay coefficients 
of variation (CVs) < 10% [reference interval 6.5–36.8 pg/
mL (6.5–36.8 ng/L)]. Serum 25(OH)VitD concentration 
was measured by radioimmunoassay (RIA; DiaSorin), with 
intra- and interassay CVs of 7.2 and < 12%, respectively 
[reference interval 30–120 ng/mL (75–300 nmol/L)]. Serum 
OC [normal values, 5–65 ng/mL (µg/L)] was measured by 
the Invitrogen human Osteocalcin Enzyme Amplified Sen-
sitivity Immunoassay (Life Technologies) and serum CTX 
[normal values, 140–1350 pg/mL (ng/L)] was determined 
by the Serum CrossLaps ELISA (Immunodiagnostic Sys-
tem Ltd) according to the manufacturer’s assay procedure. 
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Serum intact FGF23 was analysed by a two-site enzyme-
linked immunosorbent assay (ELISA; Kainos Laboratories 
inc, Tokyo, Japan) with a reference interval of 10–50 pg/
mL [1.33–6.65 pmol/L] [17]. The ratio of tubular maximum 
reabsorption of phosphate to glomerular filtration rate (TmP/
GFR), normal values 2.5–4.2 mg/dL [0.80–1.35 mmol/L], 
was determined using the Walton and Bijvoet nomogram 
[18].

Bone mineral density (BMD) was measured by dual-
energy X-ray Absorptiometry (DXA; Hologic Discovery 
QDR series, Waltham, MA, USA) at LS (in vivo precision 
1.0%) and FN (in vivo precision 1.8%). Individual BMD 
values were expressed as SD units (Z-scores). Fractured ver-
tebrae were excluded from BMD measurement.

Conventional spinal radiographs in the lateral (T4–L4) 
and anteroposterior projections were obtained in all patients 
by a standardized technique. Two physicians, blinded to the 
BMD and biochemical data, independently reviewed the 
radiographs. The questionable cases were discussed to reach 
an agreed diagnosis. VFx were diagnosed on visual inspec-
tion using the semi-quantitative visual assessment described 
by Genant et al., defined as a reduction of > 20% in anterior, 
middle, or posterior vertebral height [19].

Statistical analysis

Statistical analysis was performed by SPSS version 21.0 
(SPSS Inc, Chicago, IL). The results are expressed as 
mean ± standard deviation (SD) or medians ± standard error 
(SE) in the case of non-Gaussian distribution. The normal-
ity of distribution was tested by the Kolmogorov–Smirnov 
test. The comparison of continuous variables was performed 
using the Student t test or Mann–Whitney U test as appro-
priate. Categorical variables were compared by the χ2 test 
or Fisher exact test as appropriate. The comparison of the 
continuous variables among patients and controls, among 
patients with low and normal phosphorus and TmP/GFR val-
ues and among patients with high and normal FGF23 values, 
was performed by one-way ANOVA. Logistic regression 
analysis was used to assess in patients the possible independ-
ent associations between the presence of low phosphorus 
and low TmP/GFR values (dependent variables) with age, 
BMI, sex, serum calcium, 25OHVitD, bALP, PTH, CTX, 
OC, FGF23 levels, urinary calcium levels, BMD and VFx 
(independent variables).

P values ≤ 0.05 were considered significant.

Results

The comparison of the basal clinical and biochemical char-
acteristics between WS patients and controls is reported 
in Table 1. Age, sex, and BMI were comparable between 

patients and controls. As expected for the disease, the 
height of the patients was significantly lower compared to 
controls. Considering endocrine comorbidities associated 
with WS, 4 out of 29 (14%) patients had diabetes melli-
tus type 2 (one patient on metformin therapy, 500 mg tid, 
and three patients on diet therapy) and 5 out of 29 (17%) 
patients had primary hypothyroidism on replacement 
therapy with levothyroxine. Both diabetic and hypothy-
roid patients had a good control of the diseases (glycated 
hemoglobin < 53 mmol/mol, TSH values between 0.9 and 
4.0 µIU/mL). Moreover, 12 out of 29 (41%) WS patients 
had one or more cardiovascular abnormalities (five patients 
with supravalvular aortic stenosis, one patients with supra-
valvular pulmonary stenosis, one patient with peripheral 
pulmonary stenosis, one patient with aortic narrowing, six 
patients with mitral valve prolapse, one patient with aortic 
regurgitation, and two patients with ventricular or atrial 
septal defects) and 19/29 (65%) were hypertensive. The 
fracture history was collected in all patients: no peripheral 
low trauma fractures were reported, and on the other side, 
no patients told of any accident or traumatic fall.

All patients and controls had normal renal function. No 
differences were found in serum calcium levels between 
patients and controls, even if the formers showed slightly 
higher serum calcium levels than the letters. In particular, 
no patient was hypercalcemic at basal evaluation. The ion-
ized calcium levels were significantly higher in patients than 
in controls albeit always in the normal range (p = 0.017) 
(Fig. 1). In particular, female WS patients tended to have 
higher blood calcium values than males (p = 0.06).

No difference was found in 24-h urinary calcium levels 
between patients and controls but interestingly, female WS 
patients had an increased 24-h urinary calcium excretion 
than males (p = 0.005). This difference was absent in con-
trols. 5 (17%) WS patients had hypercalciuria, and of note, 
four out of five patients with hypercalciuria were female.

Compared with controls, WS patients showed signifi-
cantly lower serum phosphorus levels, an increased preva-
lence of hypophosphatemia [serum phosphorus < 2.7 mg/
dL (< 0.87  mmol/L)] (p = 0.005), a significantly lower 
TmP/GFR and increased prevalence of reduced TmP/GFR 
[< 2.5 mg/dL (< 0.80 mmol/L)] (p = 0.005). None of the ten 
patients with low phosphorus levels was symptomatic for 
hypophosphatemia and no differences were seen in phospho-
rus serum levels between male and female WS patients. The 
bALP, PTH, and OC levels were significantly lower, while 
the CTX levels were significantly higher in patients than 
in controls. No differences were found in 25OHVitD levels 
and in the prevalence of low 25OHVitD levels [i.e., serum 
vitamin D < 30 ng/mL (75 nmol/L)] between the two groups. 
Compared with controls, WS patients showed a reduced FN-
BMD, while no differences were found in LS-BMD and in 
the prevalence of VFx between the two groups.
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FGF23 was elevated [> 50 pg/mL (6.65 pmol/L)] in six 
out of 19 (31.5%) tested WS patients. All biochemical and 
bone metabolism parameters and, in particular, phosphorus 
levels were comparable between WS patients with normal or 
elevated FGF23 levels. No patients had suppressed FGF23 
values.

The comparison of the basal clinical and biochemical 
characteristics between WS patients with low and normal 
TmP/GFR is reported in Table 2. Age, sex, BMI, serum and 
24-h urinary calcium levels, PTH, 25OHVitD, bone turnover 
markers, FGF23 levels, BMD, and prevalence of VFx were 
comparable between patients with low and normal TmP/
GFR.

Table 1   Clinical and biochemical characteristics of Williams’ Syndrome (WS) patients and controls

Bold and italics means statistical significance
Data are expressed as mean ± SD or medians ± SE or percentage with range or absolute number in parentheses, respectively
SI conversion factors: calcium, × 0.25; urinary calcium, × 0.02; phosphorus, × 0.32; bALP, × 1; PTH, × 1.0; 25OHVitD, × 2.49; OC, × 1; CTX, × 1
BMI body mass index, Urinary calcium calcium excretion in 24-h urinary collection, eGFR estimated glomerular filtration rate, TmP/GFR tubu-
lar maximum reabsorption of phosphate to glomerular filtration rate, bALP bone alkaline phosphatase, PTH parathyroid hormone, 25OHVitD 
25-hydroxyvitamin D, OC osteocalcin, CTX carboxyterminal cross-linking telopeptide of type I collagen, BMD bone mineral density
a FGF23 was measured in 19 patients
b Adjusted for height by general linear modelling

WS patients (n = 29) Controls (n = 29) p

Age (years) 28.8 ± 5.5 (19–39) 30.3 ± 5.0 (22–40) 0.290
Sex (males/females) 55.2/44.8 (16/13) 55.2/44.8 (16/13) 1.000
BMI (kg/m2) 25.7 ± 4.4 (19.0–35.1) 26.1 ± 3.3 (21.2–32.0) 0.730
Height (m) 1.56 ± 0.05 (1.46–1.66) 1.69 ± 0.13 (1.51–1.93) 0.001
Serum calcium (mg/dL) 9.5 ± 0.4 (8.6–10.2) 9.4 ± 0.3 (9.0–10.2) 0.070
Ionized calcium (mmol/L) 1.21 ± 0.04 (1.11–1.29) 1.18 ± 0.04 (1.10–1.28) 0.017
Urinary calcium (mg/kg/day) 2.8 ± 1.1 (1.0–5.3) 3.0 ± 1.6 (0.1–5.1) 0.645
Serum phosphorus (mg/dL) 3.1 ± 0.7 (2.0–4.5) 3.8 ± 0.5 (2.7–5.0) 0.0001
Prevalence of serum phosphorus < 2.7 mg/dL 34.5 (10) 3.4 (1) 0.005
Creatinine (mg/dL) 0.7 ± 0.1 (0.5–1.0) 0.8 ± 0.2 (0.5–1.1) 0.060
eGFR 123.7 ± 28.4 (88.0–190.) 132.7 ± 23.4 (72.8–177.0) 0.197
TmP/GFR (mmol/L) 0.81 ± 0.32 (0.20–1.39) 1.06 ± 0.25 (0.10–1.50) 0.001
Prevalence of TmP/GFR < 0.8 mmol/L 37.9 (11) 3.4 (1) 0.002
bALP (U/L) 26.3 ± 8.5 (12.0–50.0) 35.0 ± 8.0 (20.5–49.0) 0.0001
PTH (pg/mL) 24.5 ± 12.6 (7.8–55.7) 33.7 ± 10.8 (17.3–48.3) 0.004
25OHVitD (ng/mL) 32.3 ± 16.0 (12.5–76.0) 37.6 ± 17.4 (18.0–75.0) 0.230
Prevalence of 25OHVitD < 30 ng/mL 51.7 (15) 37.9 (11) 0.429
HbA1c (mmol/mol) 32.5 ± 3.7 (27–40) – –
OC (ng/mL) 19.4 ± 5.3 (8.7–28.7) 24.5 ± 8.7 (14.9–46.8) 0.010
CTX (pg/mL) 401.2 ± 169.3 (206–802) 322.3 ± 122.4 (115–539) 0.046
FGF23 (pg/mL)a 40.9 ± 21.2 (10.1–87.7) – –
BMD LS (Z-score)b − 0.17 ± 0.37 (− 3.20–2.00) 0.16 ± 0.37 (− 1.26–1.86) 0.508
BMD FN (Z-score)b − 0.51 ± 0.32 (− 2.70–2.50) 0.36 ± 0.32 (− 0.62–1.80) 0.009
Prevalence of BMD Z-score < − 2.0 24.1 (7) 3.4 (1) 0.050
Prevalence of vertebral fractures 10.3 (3) 0 (0.0) 0.237
Prevalence of hypothyroidism 17.2 (5) 0 (0.0) 0.052
Prevalence of diabetes mellitus type 2 13.7 (4) 0 (0.0) 0.112

Fig. 1   Ionized calcium values in WS patients and controls
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No correlation was found between FGF23 and phospho-
rus levels (r = − 0.07, p = 0.79) and between FGF23 and 
TmP/GFR values (r = − 0.04, p = 0.88). A negative correla-
tion was found between FGF23 and CTX levels (r = − 0.56 
p = 0.01).

Discussion

In this study, we evaluated the bone involvement in a 
group of young adults with WS compared to an age- and 
sex-matched control group by assessing the calcium–phos-
phorus metabolism, the bone turnover indexes, the BMD, 
and the prevalence of morphometric VFx.

Our data show that, at least in adulthood, hypercalce-
mia is a rare event in WS and that an hypophosphatemic 
disorder with a reduced TmP/GFR together with an inap-
propriately normal production of FGF23, an uncoupled 
bone turnover and a low bone mass at FN is a feature of 
this syndrome.

The available studies reported hypercalcemia in 5–50% of 
WS patients, with a greater frequency of episodes in child-
hood and progressive reduction in adulthood [6–9], even if 
when paediatric reference intervals were applied, the occur-
rence of hypercalcemia in childhood dropped significantly 
[9]. The prevalence of hypercalcemia exclusively in adult 
WS patients was evaluated only in one study [13]. In this 
work, 1 out of 20 (5%) patients showed moderately high 
levels of calcium [10.6 mg/dL (2.65 mmol/L)] together with 
an inappropriately normal PTH levels [13], thus possibly 
related to the presence of a primary hyperparathyroidism 
associated to WS. In our study, no patient was hypercal-
caemic, although ionized calcium values were significantly 
higher in patients than controls. Similarly, in a recent study, 
Stagi et al. reported significantly higher ionized and total 
calcium levels in WS patients compared with age- and sex-
matched controls [20].

The noteworthy and novel result of our study is the 
finding in WS patients of significantly lower serum phos-
phorus levels with a higher prevalence of asymptomatic 
hypophosphatemia with a reduced TmP/GFR representa-
tive of a renal phosphate loss disorder. In addition, despite 

Table 2   Clinical and 
biochemical characteristics 
of Williams’ syndrome (WS) 
patients with low and with 
normal TmP/GFR

Bold and italics means statistical significance
Data are expressed as mean ± SD or medians ± SE or percentage with range or absolute number in paren-
theses, respectively
SI conversion factors: calcium, × 0.25; urinary calcium, × 0.02; phosphorus, × 0.32; bALP, × 1; PTH, × 1.0; 
25OHVitD, × 2.49; OC, × 1; CTX, × 1; FGF23, × 0.13
BMI body mass index, Urinary calcium calcium excretion in 24-h urinary collection, TmP/GFR tubular 
maximum reabsorption of phosphate to glomerular filtration rate, bALP bone alkaline phosphatase, PTH 
parathyroid hormone, 25OHVitD 25-hydroxyvitamin D, OC osteocalcin, CTX carboxyterminal cross-link-
ing telopeptide of type I collagen, BMD bone mineral density
a FGF23 was measured in 19 patients
b 12 patients
c Seven patients
d Adjusted for height by general linear modelling

Low TmP/GFR (n = 11) Normal TmP/GFR (n = 18) p

Age (years) 30.8 ± 5.9 (24–38) 27.6 ± 5.1 (19–39) 0.132
Sex (males/females) 45.5/54.5 (5/6) 61.1/38.9 (11/7) 0.46
BMI (kg/m2) 26.7 ± 4.5 (19.0–35.1) 25.1 ± 4.3 (19–35.0) 0.370
Serum calcium (mg/dL) 9.5 ± 0.5 (8.6–10.2) 9.5 ± 0.3 (8.9‒ 10) 0.890
Urinary calcium (mg/kg/day) 2.9 ± 1.3 (1.0–4.7) 2.8 ± 1.0 (1.5–5.3) 0.825
Serum phosphorus (mg/dL) 2.4 ± 0.4 (2.0–3.1) 3.5 ± 0.5 (3.0–4.5) 0.0001
bALP (U/L) 29.0 ± 10.4 (12.0–50.0) 24.7 ± 6.9 (15.0–42.0) 0.190
PTH (pg/mL) 29.2 ± 14.9 (7.8–55.7) 21.6 ± 10.3 (10.5–54.5) 0.119
25OHVitD (ng/mL) 28.5 ± 13.6 (12.5–48.0) 34.6 ± 17.2 (14.6–76.0) 0.321
OC (ng/mL) 18.4 ± 6.5 (8.7–28.7) 20.1 ± 4.5 (10.6–27.7) 0.419
CTX (pg/mL) 367.1 ± 196.4 (217–802) 422.1 ± 152.6 (206–741) 0.406
FGF23 (pg/mL)a 37.3 ± 17.3b (11.9–62.2) 43.1 ± 23.6c (10.1–87.7) 0.579
BMD LS (Z-score)d 0.21 ± 1.10 (− 2.00–1.50) − 0.39 ± 1.50 (− 3.20–2.00) 0.258
BMD FN (Z-score)d − 0.44 ± 1.2 (− 2.70–1.10) − 0.53 ± 1.3 (− 2.20–2.50) 0.852
Prevalence of vertebral fractures 9.1 (1) 11.1 (2) 1.000
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the low phosphorus values, none of our patients had sup-
pressed FGF23 levels, suggesting an inappropriate secre-
tion of this phosphatonin. In particular, FGF23 values were 
higher in 31.5% of patients and within the normal range in 
the remaining 68% of patients. Up to now, only one study 
showed in WS patients, serum phosphate levels lower in 
respect to controls, but no information was available regard-
ing the prevalence of hypophosphatemia, the TmP/GFR and 
FGF23 levels [20].

The possibility that this inappropriate production of 
FGF23 could be caused by an augmented osteocytes/
osteoblasts sensitivity to serum phosphorus levels or to an 
impaired action or catabolism of FGF23 remain to be eval-
uated. In fact, several factors are involved in the complex 
paracrine and endocrine activity of FGF23 in the kidney, 
including the protein Klotho [21–23] and also the status of 
FGF23 O-glycosylation of threonine178 and FGF23 phospho-
rylation of serine180 that significantly influence its expres-
sion and degradation [24]. Our data, however, did not show 
any correlation between FGF23, phosphorus, and TmP/GFR 
values. This finding could be related to the low number of 
patients analysed, but it is conceivable that other phos-
phatonins, that were not assessed in our study (i.e., FGF7, 
MEPE, and sFRP-4), could be involved. Unfortunately, we 
do not have the possibility to dose FGF23 levels in our con-
trol group for a comparison. Beside this limit of the study, 
an analytical bias related to the assay used for FGF23 dosage 
cannot be excluded. In fact, it is well known that current 
ELISA kit for intact FGF23 showed little analytical agree-
ment [25, 26] and that intact FGF23 appears to have greater 
intra-individual variation compared with his C-terminal 
fragment [27]. Therefore, the lack of associations between 
FGF23 and phosphorus and/or TmP/GFR values could be 
linked to the type of assay used [25, 26].

Overall, it must be considered that several aspects of 
FGF23 regulation remain incompletely understood. Indeed, 
besides the stimulatory effect of PTH (directly or via 
1,25-hydroxy-cholecalciferol) on FGF23 secretion, some 
data suggest that hypercalcemia also stimulates FGF23 pro-
duction, whereas hypocalcemia prevents normally expected 
FGF23 responses to phosphate overload [28, 29]. There-
fore, it is not possible to exclude that in our sample of WS 
patients, the tendency toward hypercalcemia may have con-
tributed in maintaining the inappropriately normal FGF23.

An additional important finding of the present study 
is that WS patients showed an uncoupled bone turnover 
(low bALP and OC and high CTX levels) associated with 
a reduction of cortical but not trabecular bone density. 
However, this is not accompanied by a statistically signifi-
cant increase in the VFx prevalence, even though it must 
be observed that the 10% of our WS patients had a VFx, 
while no fractured subject was found in the control group. 
The previous data showed an impaired bone apposition 

in both adolescent and adults WS patients [13, 20], and 
an increased bone resorption in adults WS patients [20], 
together with a significantly impaired bone mineral status 
at quantitative bone ultrasonometry evaluation [20] and 
an increased prevalence of osteopenia and osteoporosis 
[13]. In the present study, we show for the first time that 
WS patients have a compromised cortical bone density at 
femur, while the trabecular spinal bone density seems to 
be preserved. Notwithstanding the normal BMD at spine, 
the WS patients may have an increased prevalence of 
VFx (10%), even though the present study is probably not 
enough powered to reach the statistical significance. The 
possible discrepancy between the possibly increased VFx 
prevalence and the normal spinal BMD could be explained 
by the presence of a reduced trabecular microarchitecture, 
which is not entirely captured by the DXA evaluation [30].

The bone metabolism disorder in WS patients may 
be linked in part to the genetic predisposition itself. In 
fact, the haploinsufficiency of FDZ9, a gene involved in 
the early stages of osteoblastogenesis and bone forma-
tion [31], could explain the low levels of OC and bALP 
and the reduced BMD found in WS patients. Moreover, 
the alterations in phosphate homeostasis may affect the 
skeletal metabolism and in particular the osteoblast (OB) 
function, as demonstrated in OB cultures derived from 
Hyp mice (counterparts of X-linked hypophosphatemic 
rickets) characterized by low bone mineralization [32, 
33]. It is also possible to hypothesize that the condition 
of hypophosphatemia and hyperphosphaturia activates 
bone resorption [34, 35]. This can explain the finding of 
elevated CTX and serum calcium levels and lower PTH 
levels in WS patients. The fact that CTX levels, though 
higher in WS patients than in controls, were still within the 
normal range in the former group, may be due to the fact 
that in WS bone, resorption is only slightly increased. It 
should also observed that our patients were all eugonadal. 
Therefore, the normal range of CTX given by the manufac-
turer may be not entirely representative of the population 
enrolled in the present study.

Another possible causative factor of bone metabolism dis-
order in WS patients may be related to the reduced physical 
activity compared to controls as demonstrated in a previous 
study [20]. Neither joint mobility problems, nor physical 
limitations were reported by our patients, but, unfortunately, 
a quantitative assessment of physical activity was not car-
ried out.

Finally, interestingly, we found a negative association 
between FGF23 and CTX levels. This may be explained in 
part by the known inhibitory effect of FGF23 on PTH levels 
[36], but other factors (i.e., an excess in sclerostin produc-
tion) not evaluated in our study may be involved.

In conclusion, the present study shows that in WS, there 
is a hypophosphatemic disorder with reduced TmP/GFR 
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together with an inappropriate secretion of FGF23. Moreo-
ver, we found an uncoupled bone turnover associated with a 
significantly reduced cortical bone density at femur. Longi-
tudinal studies on larger samples and with an adequate fol-
low-up should be designed to identify the possible causative 
factors and the long-term complications of these findings.
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