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Abstract: Background: Adults with celiac disease (CeD) show low bone mineral density (BMD)
and high fracture risk. CeD guidelines suggest measurements of serum minerals and vitamin D.
However, studies on vitamin levels in CeD patients are contradictory. Aim: To investigate in CeD,
25-hydroxy-vitamin D [25(OH)D], 1,25-dihydroxy-vitamin D [1,25(OH)2D], and related analytes and
to evaluate their relationships to peripheral BMD as assessed by peripheral quantitative computed
tomography (pQCT). Methods: Gluten-free diet (GFD)-treated, and untreated adult CeD patients
naive to vitamin D and calcium supplementation underwent measurements of serum 25(OH)D,
1,25(OH)2D, parathyroid hormone (PTH), total calcium, phosphate, and of radius BMD by pQCT.
Results: Complete data were collected in 105 patients for lab tests and 87 patients for BMD. For lab
tests, untreated CeD differed from treated CeD for 22.0% lower serum 25(OH)D (p = 0.023), 42.5%
higher serum PTH (p < 0.001), and 13.0% higher serum 1,25(OH)2D (p = 0.029) in the presence of
similar serum calcium and phosphorus (p > 0.35). For BMD, untreated CeD differed from treated
CeD for lower diaphyseal cortical BMD (1133 and 1157 mg/cm3, p = 0.004) but not for distal BMD
(total, trabecular, and subcortical, p > 0.13). Independent correlates of diaphyseal cortical BMD were
GEFD treatment and body mass index (p < 0.05). Conclusions: Data indicated that, compared to CeD
patients on a gluten-free diet, untreated adult CeD patients at diagnosis had lower 25(OH)D, higher
PTH, and higher 1,25(OH),D in the absence of difference in serum calcium and phosphorus. 25(OH)D
and 1,25(OH),D, even below the normal range, were not associated with BMD. Our findings do not
support the use of vitamin D supplementation for all CeD adults.

Keywords: celiac disease; vitamin D; bone mineral density; peripheral quantitative computed
tomography; parathyroid hormone

1. Introduction

Adult patients affected with celiac disease (CeD) have a low bone mineral density (BMD) and
a higher risk of bone fracture compared with the general population [1,2]. With regard to these
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disorders, CeD guidelines suggest measuring calcium, alkaline phosphatase, and vitamin D levels at
CeD diagnosis and the supplementation of vitamin D and/or calcium in the case of deficiency [3]. The
prevalence and the importance of vitamin D and calcium deficiency in CeD have been debated [4].
Recent studies reported conflicting results about serum vitamin D levels in CeD patients at diagnosis
and on a gluten-free diet (GFD) [5-8]. An essential source of confounding is the complexity of vitamin
D metabolism that involves at least four different levels. First, the level of inactive, nonhydroxylated
forms of vitamin D that can be generated from the skin after sun exposure and/or absorbed from a
few vitamin D-rich foods [9]. Second, the hepatic hydroxylation of these nonhydroxylated forms that
generates 25-hydroxy-vitamin D [25(OH)D], a molecule which has limited biological activity [10]. Third,
the hydroxylation of 25(OH)D, which occurs mainly in the kidneys after stimulation of the parathyroid
hormone (PTH), generates 1,25-dihydroxy-vitamin D [1,25(OH), D], the molecule which has the highest
biological activity. Fourth, the inactivation of 1,25(OH),D via transformation in 24,25(OH),-vitamin D
or other catabolites [11]. Many studies have investigated 25(OH)D in CeD, but only a few reported
data on other forms of vitamin D [12]. Also, previous studies have reported conflicting findings on
the role of 25(OH)D levels on BMD in CeD [12]. This has mostly been evaluated by the dual-energy
X-ray absorptiometry (DEXA), while authors have recently used peripheral quantitative computed
tomography (pQCT) [13,14]. The assessment of peripheral BMD by pQCT has received little attention,
although the technique implies shallow radiation exposure and gives separate and accurate measures of
the trabecular, subcortical, and cortical bones [15]. The International Society for Clinical Densitometry
stated that pQCT is in rapid development as an accurate method for fracture risk assessment, diagnosis,
treatment initiation, and monitoring BMD for the clinical evaluation of osteoporosis [16]. Therefore,
the present study aimed to investigate the serum levels of 25(OH)D and 1,25(0OH);D, minerals, and
PTH in adult patients with untreated or treated CeD and to evaluate the correlation of these markers to
peripheral BMD as assessed by pQCT.

2. Methods

The Ethical Committee of the University of Salerno approved the present study (protocol #
44 of 23-6-2015). We consecutively and prospectively enrolled all adults newly diagnosed with
CeD (untreated) or on regular treatment with GFD (treated) who referred from October 2015 to
March 2017 to our Celiac Unit of the University Hospital in Salerno. For untreated CeD, inclusion
criteria were the absence of previous CeD diagnosis, positive serology for CeD (antitransglutaminase
and antiendomysium), and the evidence of intestinal mucosal damage. For treated CeD, inclusion
criteria were the report of a previous CeD diagnosis and proper compliance to treatment with GFD
with negative CeD serology at follow-up. For both groups, exclusion criteria were the refusal or
the withdrawal of the informed consent; age below 18 or over 65 years; past or current treatment
or supplementation with any form of vitamin D, fish oil, and/or calcium salts; severe kidney or
liver disease; mental illness; pregnancy and/or breastfeeding; use of drugs interfering with calcium
homeostasis; or alcohol abuse. Data collection included the date of visit, anthropometry, symptoms
of CeD at diagnosis classified according to the Oslo definition [17], habitual time of moderate to
vigorous recreational physical activity per week [18], and results of lab tests. Moreover, the average
local solar Global Horizontal Irradiance in the 30 days before blood withdrawal (from here on defined
as solar irradiance [19] (MJ/m? per day) to control for sunlight effects on vitamin D generation in
the skin) was also evaluated. Lab tests were done in frozen serum stored at —80 °C and included
25(0OH)D, 1,25(0OH),;D, PTH, and total calcium, phosphate, and creatinine. All tests were done using
fully automated assays. Architect assay (Abbott Diagnostics, Chicago, IL, USA) was used for the
measurements of PTH, calcium, and phosphorus. The CKD-Epi equation was used for the calculation
of estimated glomerular filtration rate (eGFR, mL/min x 1.73 m2), which was taken as an index of
kidney function [20]. Serum 25(OH)D and 1,25(0OH),;D were measured by chemiluminescent assay
(Diasorin, Saluggia, Italy) [21]. As previously reported [13], and in accordance with a consensus
report [22], the 25(OH)D chemiluminescent assay was recalibrated using the NIST-SRM 972a as the
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gold standard, that is, a product containing two levels of 25(OH)D certified by isotope dilution
liquid mass chromatography (ID-LC-MS) and isotope dilution liquid chromatography-tandem mass
spectrophotometry (ID-LC-MS/MS) [23]. Thus, the paper reported two sets of 25(0OH)D data: Data
obtained using the assay-specific calibration (defined as “nonrecalibrated data”) and data collected
after recalibration with NIST-SRM 972a product (defined as “recalibrated data”). The deficiency of
25(0OH)D was defined severe when serum 25(OH)D was < 10 ng/mL and mild-to-moderate when
serum 25(OH)D was in the range 10-19 ng/mL [24]. The deficiency of 1,25(0OH),D was defined when
serum 1,25(OH),D was <18 pg/mL [25]. PTH was set high when > 66 pg/mL [26].

Four different measurements of peripheral BMD as absolute mg/cm? were performed using pQCT
scans of the nondominant arm (StratecXCT 2000, StratecMedizintechnik GmbH, Pforzeim, Germany,
software version 5.50d). Three measurements were taken at the distal radius for total BMD, trabecular
BMD, and subcortical BMD (4% site). The fourth measurement was taken at the diaphyseal radius for
assessment of cortical BMD (66% site). The Z-score of total BMD (that is, an index of BMD adjusted
for sex and age) was calculated using device-specific population-based data of distal radius total
BMD [27]. BMD was defined as normal when the Z-score was > —1, with mild-moderate reduction
when the Z-score was in the range from —1 to —2.49, and with severe reduction when the Z score was <
—2.50 [28].

Statistical Analysis

Statistical procedures were performed using STATA version 11 and included ANOVA, chi-square
analysis, McNemar test, Pearson correlation, and linear regression. Data were reported as prevalence
(categorical variables) or as mean + SD (continuous variables). A p-value < 0.05 was considered
statistically significant.

3. Results

3.1. 25(OH)D, 1,25(0OH),D, PTH, and Other Lab Tests in CeD

We excluded one woman from Morocco, wearing a scarf and long-sleeved shirt in the summer,
from the study. Table 1 reports descriptive statistics for the 105 patients with complete data for lab tests.
All patients recruited were Caucasian, as expected, given the homogeneity of the population attending
the hospital. The majority of patients were women treated with GFD (from now on defined as treated),
without 25(OH)D deficiency, and without high serum PTH. Mild-to-moderate 25(OH)D deficiency was
1.25-times more prevalent using nonrecalibrated 25(OH)D data (McNemar test, p = 0.008), whereas
the prevalence of severe 25(0OH)D deficiency was identical in the two datasets. From here on, only
recalibrated data are shown for 25(OH)D. Deficiency of 1,25(0OH),D was found in one untreated patient
only. Mean serum PTH approached the threshold used for the definition of high serum PTH.

Comparing untreated and treated patients, we observed no difference regarding sex (70% females
in untreated and 80% in treated, p = 0.26), age (mean age 38.3 + 11.8 untreated, 39.4 + 11.5 treated,
p =0.6) and BMI (23.6 + 3.5 untreated and 23.2 +4.4 treated, p = 0.59). Table 2 summarizes the results of
the comparison between untreated and treated patients. Untreated CeD differed from treated CeD for
lower serum 25(0OH)D, higher prevalence of 25(OH)D deficiency, higher serum PTH, higher prevalence
of high PTH, and higher serum 1,25(OH),D, but not from serum calcium and phosphorus. Findings
were similar with adjustments for sex and age (Table S1). Also, findings were similar when analysis
ANOVA of 25(0OH)D was controlled for solar radiation (untreated CeD and treated CeD: 22.3 and
28.7 ng/mL, p = 0.023), when analysis of 1,25(OH),D was controlled for eGFR (untreated CeD and
treated CeD: 60.8 and 53.7 pg/mL, p = 0.028), and when analysis of serum total calcium was controlled
for serum albumin (untreated CeD and treated CeD: 9.32 and 9.37 mg/dL, p = 0.615).
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Table 1. Descriptive statistics for patients with lab tests: Mean + SD or prevalence.

Number of Patients 105

Women, % 75.2%
Age, years 39.0+11.3

on GFD, % 52.4%
Weight, kg 64.6 +14.0

Height, cm 166 + 9
Body mass index, kg/m2 234 +4.0
Sun radiation in the month of blood withdrawal, MJ/m?2 141 +5.8

Serum Vitamin D

Non-recalibrated 25(OH)D, ng/mL 220+9.6

with mild-moderate deficiency (10-19 ng/mL), % 34.3%

with severe deficiency (<10 ng/mL), % 10.5%
Recalibrated 25(0OH)D, ng/mL 25.6 +14.3

with mild-moderate deficiency (10-19 ng/mL),% 27.6%

with severe deficiency (<10 ng/mL), % 10.5%
1,25(0OH), D, pg/mL 57.1+16.5

with deficiency (<18 pg/mL), % 1.0%

Serum PTH, pg/mL 61.1 +30.6

with high PTH (> 66 pg/mL) 31.4%
Serum phosphorus, mg/100 mL 3.45 + 0.60
Serum total calcium, mg/100 mL 9.35+0.72
Serum albumin, g/100 mL 447 +0.43
Albumin-normalized serum calcium, mg/100 mL 9.44 + 0.70
Serum creatinine, mg/100 mL 0.70 £ 0.15

eGFR, mL/min x 1.73 m? 110 + 15

Table 2. Lab test comparisons between untreated and treated celiac disease (CeD): Mean or prevalence.

Untreated CeD Treated CeD p
Number of Patients 50 55
Recalibrated 25(OH)D, ng/mL 223 28.6 0.023
with mild-moderate deficiency, % 32.0% 23.6% 0.018
with severe deficiency, % 18.0% 3.6% ’

Serum PTH, pg/ mL 724 50.8 <0.001
with high PTH, % 46% 18.2% 0.002
1,25(0OH),D, pg/mL 60.8 53.8 0.029

with deficiency, % 2.0% 0.0% 0.292
Serum total calcium, mg/dL 9.33 9.36 0.797
Serum phosphorus, mg/dL 3.51 3.40 0.356

* by ANOVA or chi-square.

Table 3 summarizes the results of analyses by presence and degree of 25(OH)D deficiency.
25(OH)D deficiency was associated with higher PTH, but not with alterations in other lab

40f11

The
tests.

Serum 25(OH)D inversely correlated with serum PTH in untreated CeD only (Figure 1). Analyses
on the associations of 1,25(OH),D deficiency could not be performed because only one patient had

1,25(0OH),D deficiency. Serum PTH and serum 1,25(OH),D did not correlate significantly with
other in untreated CeD and treated CeD (p > 0.066).

each
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Table 3. 25(OH)D status and other lab tests: Mean.

25(OH)D Status

*
Normal Mild Deficiency Severe Deficiency for Trend
Serum PTH, pg/mL 53.2 65.9 94.6 <0.001
1,25(OH);,D, pg/mL 56.7 58.2 56.6 0.860
Serum total calcium, mg/dL 9.38 9.26 9.39 0.770
Serum phosphorus, mg/dL 3.44 3.45 3.51 0.759

*by ANOVA or chi-square.
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Figure 1. Pearson correlation between serum 25(OH)D and serum parathyroid hormone (PTH) in
untreated CeD and treated CeD (closed and open symbols, respectively).

3.2. Peripheral BMD in CeD

Complete pQCT data were collected in 87 patients because 18 patients refused to undergo pQCT.
Table 4 reports descriptive statistics for the patients with complete pQCT data for radius BMD. The
vast majority of patients were women treated with GFD and with some reduction of total BMD.

Table 4. Descriptive statistics for the 87 patients with peripheral quantitative computed tomography
(pQCT) assessment of radius bone mineral density: Mean + SD or prevalence.

Number of Patients 87
Women, % 75.9%
Age, years 394 +11.1
on GFD, % 52.9%
Weight, kg 65.8 +14.2
Height, cm 166 +9
Body mass index, kg/m2 238 +4.1
Distal radius total BMD, mg/cm3 312 + 60
Z-score -1.38 + 0.95
with mild-moderate BMD reduction,% 52.9%
with severe BMD reduction, % 14.9%
Distal radius trabecular BMD, mg/cm? 182 + 43
Distal radius subcortical BMD, mg/cm3 422 + 86
Diaphyseal radius cortical BMD, rng/cm3 1145 + 40

Table 5 summarizes the results of analyses for comparisons of BMD between untreated and treated
CeD. In univariate analysis, the difference between untreated CeD and treated CeD was not significant
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for distal radius total, trabecular, and subcortical BMD expressed in absolute units (mg/cm3). The
difference was borderline significant for distal radius total BMD shown as Z-score (index controlled for
sex and age) and significant for diaphyseal radius cortical BMD. The difference between untreated CeD
and treated CeD was significant for distal radius total BMD also as absolute units when ANOVA was
controlled for sex and age (untreated CeD and treated CeD: 298 and 324 mg/cmz, p = 0.035; complete
data in Table S2).

Table 5. Differences in bone mineral density (BMD) between untreated CeD and treated CeD: Mean
or prevalence.

Untreated CeD Treated CeD p
Number of Patients 41 46
Distal radius total mineral density, mg/cm3 301 321 0.137
Z-score -1.59 -1.20 0.055
with mild-moderate BMD reduction, % 56.1% 50.0%
with severe BMD reduction, % 19.5% 10.9% 0.259
Distal radius trabecular mineral density, mg/cm3 179 185 0.539
Distal radius subcortical mineral density, mg/cm3 410 431 0.258
Diaphyseal radius cortical BMD, mg/cm? 1133 1157 0.004

*by ANOVA or chi-square.

Table 6 summarizes the results of analyses by tertile of diaphyseal radius cortical BMD. Tertile
analysis was reported only for radius diaphyseal cortical BMD, since it was only the BMD parameter
which was significant between untreated CeD and treated CeD (data in Table 5).

Table 6. Analysis by tertile of diaphyseal radius cortical BMD: Prevalence or mean of gluten-free diet
(GFD), sex, age, body mass index, and serum concentrations of 25(OH)D, PTH, 1,25(0OH),D, calcium,

and phosphorus.
Diaphyseal Radius Cortical BMD, mg/cm? »
<1135 1135-1166 >1166 for Trend
Number of Patients 29 30 28
On GFD, % 31.0% 63.35 64.3% 0.012
Women, % 65.5% 73.3% 89.3% 0.038
Age,y 43.2 37.8 37.0 0.034
Body mass index, kg/m2 255 234 225 0.005
Recalibrated 25(0OH)D, ng/mL 244 28.1 25.7 0.738
with mild-moderate deficiency, % 34.5% 23.3% 21.4%
with severe deficiency, % 13.8% 3.3% 17.9% 0.775
Serum PTH, pg/mL 73.1 55.4 46.7 0.001
with high PTH, % 44.8% 26.7% 10.7% 0.004
1,25(0OH),;D, pg/mL 59.8 58.8 50.8 0.051
with deficiency, % 0.0% 0.0% 3.6% 0.211
Serum total calcium, mg/100 mL 9.45 9.43 9.28 0.409
Serum phosphorus, mg/100 mL 3.53 3.44 3.39 0.416

*by ANOVA or chi-square.

In univariate analyses, cortical BMD was significantly associated with GFD treatment, sex, age, and
serum PTH (Table 6). In multivariable regression of BMD over other variables (Table 7), independent
correlates of diaphyseal radius cortical BMD were GFD treatment and body mass index (higher
BMD in treated CeD and lower body mass index, respectively). For distal radius BMD, independent
associations were found with subcortical BMD only for age (higher BMD in youngsters) and with total
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and trabecular BMD for sex and age (higher BMD in men and youngsters). Moreover, in multivariable
linear regression analysis, older age was an independent risk factor of low total, trabecular, and
subcortical BMD. Female gender was an independent risk factor for low total and trabecular BMD at
the radius (Table 7). The analysis by tertile of cortical BMD was designed as the first approach in the
investigation about correlates of cortical BMD reduction. Given that the literature did not report a
reference range for cortical BMD, the definition of cortical BMD strata was based on data distribution
within our study cohort. Compared to the multivariable analysis in Table 7, the tertile analysis of
Table 6 gives more readable data about the characteristics of patients who had cortical BMD reduction.
The lack of reference data for cortical BMD makes it impossible to add an appropriate reference. Finally,
25(OH)-vitD deficiency was not associated with the presence/absence of gastrointestinal symptoms at
diagnosis or with the level of physical activity (data not shown).

Table 7. Multivariable linear regression of radius BMD (dependent variable) regressed over GFD
treatment, sex, age, body mass index, and lab variables: Standardized regression coefficient.

Dependent Variable
. . Diaphyseal

Independent Variables DISti}lo{:dms Distal Radius Distal Radius Radiyus

BMD Trabecular BMD Subcortical BMD Cortical
BMD

Treatment with GFD, yes/no = 1/0 0.126 ¢ 0.027 s 0.097 1 0.246 *
Sex, M/W = 1/0 0.250 * 0.322 ** 0.140 " —-0.009 s
Age, years —0.292 ** —0.335 ** -0.234* -0.163 M
Body mass index, kg/m2 0.051 ns 0.088 s 0.062 s -0.278 **
Serum 25(OH)D, ng/mL 0.065 s 0.125 1 0.031 1 —-0.169 s
Serum 1,25(OH),D, pg/mL —0.048 s —0.088 s -0.011 ™ —0.044 ™
Serum PTH, pg/mL —0.155 1 —0.108 s —0.143 ™ —-0.189 M
Serum total calcium, mg/100 mL 0.045 s —0.186 s —0.003 1's 0.050 1s
Serum phosphate, mg/100 mL -0.110 ™ —-0.198 "¢ -0.102 —0.098 ™

" not significant, p > 0.05. * p < 0.05,** p < 0.01.

4. Discussion

Our study found that the prevalence of vitamin D deficiency in CeD patients was about 50%
for 25(0OH)D and about 1% for 1,25(OH),D of CeD patients. The 25(OH)D deficiency was associated
with a graded increase in serum PTH but not with alterations in serum 1,25(0OH);-D, calcium, or
phosphorus. Compared with CeD patients on a GFD, adult untreated CeD patients at diagnosis had
lower serum 25(OH)D, higher prevalence of mild-to-moderate 25(OH)D deficiency, higher serum PTH,
higher prevalence of high PTH, and higher serum 1,25(OH),D in the presence of similar levels of
serum calcium and phosphorus groups. No data indicated an association of 25(OH)D deficiency or
1,25(0OH),D deficiency with low BMD. Untreated CeD and treated CeD differed for cortical BMD only.
Last, multivariate analyses indicated that, besides GFD, lower BMI was also associated with higher
cortical BMD in CeD patients.

The results of the study supported the idea that the biologic activity of 25(OH)D is low and likely
limited to an inhibitory effect of PTH secretion. The 25(OH)D deficiency was associated only with a
graded increase in serum PTH. This association appeared without significant implications for BMD in
the present series of CeD patients [12,29]. In turn, the higher serum PTH was a reasonable determinant
of the higher serum 1,25(0OH),D given that the hydroxylation of 25(OH)D is stimulated by PTH [30].
The finding of sufficient 1,25(OH),D, and of actually higher levels in untreated CeD, was intriguing
because the strong intestinal effects of 1,25(OH);D on calcium absorption could not be uniformly
distributed along the intestine of CeD patients. Whereas mucosal damage in untreated CeD decreases
in the craniocaudal direction and spares the distal tract of the intestine/ileum [31], calcium absorption
and 1,25(OH),D stimulation of calcium absorption normally occur at any intestinal segment throughout
the ileum. Thus, calcium balance could be preserved in untreated CeD by higher levels of 1,25(OH),D
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stimulating calcium absorption in the distal ileum, that is, in intestine segments, which are usually
undamaged or less damaged in CeD. The observation of higher serum levels of PTH and 1,25(0OH),D
in untreated CeD also implied the possibility that the stimulatory effects of PTH and 1,25(0OH),D on
kidney tubule Ca reabsorption were the true determinants of the relative hypocalciuria classically
reported in CeD [32,33]. Our findings, in contrast with the majority of the previous literature [34],
did not support the idea that low BMD in CeD could depend on vitamin D deficiency and/or low
intestinal calcium absorption. Other reasonable candidates could be malnutrition and/or inflammatory
mechanisms [35] in accordance with a recent study [36]. In this view, the assessment of the active form
of the vitamin D levels in CeD could change the perspective about the existence and the role of vitamin
D deficiency in CeD as in other diseases.

The main limitations of the present study were the number of patients and the fact that GFD
effects were derived from the comparison between different groups. Regarding the second limitation,
the present results were in good agreement with a pre- post-study in which BMD at DXA increased
with the sole GFD [37]. The use of pQCT instead of DEXA could be considered another limitation.
Nonetheless, compared with the traditional DEXA, pQCT has the advantage of providing accurate
BMD measurements for total, cortical, subcortical, and trabecular bones [38]. Moreover, the use of
DXA can imply a bias in shorter and/or lean individuals, who are often erroneously diagnosed as
osteopenic or osteoporotic because of their small bones, a cofounder which could be important in CeD
for the frequency of low anthropometry in CeD patients [39]. Last, previous studies demonstrated
the utility of pQCT BMD measurements in premenopausal women with CeD and young patients
with insulin-dependent diabetes mellitus and CeD [40]. In our study, we were not able to collect data
regarding the different skin tones of our patients and the amount of time they usually spend outside
for leisure.

The merits of our study were the accurate selection of CeD patients, the fact that our series
involved Caucasian people which belonged to a unique social group with a common national or
cultural tradition, the accurate exclusion of patients with current or past supplementation of vitamin
D, fish oil, and/or calcium [14,41], the use of the best available reference for calibration of the 25(OH)D
assay [23], and the inclusion in the analysis of an accurate index of kidney function that could be
relevant to 1,25(OH),D generation and data interpretation [20].

Given that this is the first study using recalibrated assay for 25(OH)D in CeD, data for recalibrated
25(OH)D could not be compared to previous CeD data but only to general population data, in which
a similar overestimate of mild-to-moderate 25(OH)D deficiency was reported for nonrecalibrated
assay [13]. The lack of association between 25(OH)D deficiency and low BMD was in accordance
with data reported in the general population [42,43]. The finding that 25(OH)D deficiency was not
associated with low serum calcium or low serum phosphorous but only with high serum PTH ws also
in accordance with the data in the general population [13].

The present finding was in good agreement with the report of the same group that found an
increased BMD at DXA after GFD without any vitamin D supplementation [37].

In conclusion, data indicated that, compared to CeD patients on GFD, untreated CeD adults at
diagnosis had lower 25(OH)D, higher PTH, and higher 1,25(OH); in the presence of similar serum
calcium and phosphorus. Untreated CeD patients also had lower cortical BMD at the peripheral
level as assessed by pQCT. Patients” vitamin D status was not associated with BMD. Therefore, the
findings do not support the use of vitamin D supplementation to all adult CeD. The results are in
accordance with the guidelines of the American College of Physicians for BMD and osteoporosis about
the uncertain efficacy of vitamin D or calcium supplementation [44].

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/4/929/s1,
Table S1 Lab test comparison between untreated CeD and treated CeD in ANOVA adjusted for sex and age:
Means; Table S2—Radius BMD in untreated CeD and treated CeD in ANOVA adjusted for sex and age: Mean.

Author Contributions: Conceptualization: C.C., M.C. and FZ.; Data curation: C.C., M.C. and F.Z.; Formal
analysis: M.C. and EZ.; Investigation: G.B., I.R. and FEZ.; Methodology: C.C., G.B., PI, PC,, AS. and C.B,;


http://www.mdpi.com/2072-6643/12/4/929/s1

Nutrients 2020, 12, 929 9of 11

Resources: P.C.; Supervision: C.C.; Writing—original draft: C.C., M.C. and EZ.; Writing—review & editing:
CC,GB,IR,PIL,PC,AS.,CB,M.C. and EZ. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by FC (Fondazione Celiachia Onlus) grant no 008 FC 2015.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.
16.

17.

18.

Canova, C;; Pitter, G.; Zanier, L.; Simonato, L.; Michaelsson, K.; Ludvigsson, J.F. Risk of Fractures in Youths
with Celiac Disease-A Population-Based Study. J. Pediatr. 2018, 198, 117-120. [CrossRef] [PubMed]
Kamycheva, E.; Goto, T.; Camargo, C.A., Jr. Celiac disease is associated with reduced bone mineral density
and increased FRAX scores in the US National Health and Nutrition Examination Survey. Osteoporos. Int.
2017, 28, 781-790. [CrossRef] [PubMed]

Ludvigsson, J.F; Bai, J.C.; Biagi, F.; Card, T.R.; Ciacci, C.; Ciclitira, PJ.; Green, P.H.; Hadjivassiliou, M.;
Holdoway, A.; van Heel, D.A.; et al. Diagnosis and management of adult coeliac disease: Guidelines from
the British Society of Gastroenterology. Gut 2014, 63, 1210-1228. [CrossRef] [PubMed]

Zingone, F.; Ciacci, C. The value and significance of 25(OH) and 1,25(OH) vitamin D serum levels in adult
coeliac patients: A review of the literature. Dig. Liver Dis. Off. |. Ital. Soc. Gastroenterol. Ital. Assoc. Study
Liver 2018, 50, 757-760. [CrossRef]

Ahlawat, R.; Weinstein, T.; Markowitz, J.; Kohn, N.; Pettei, M.]. Should We Assess Vitamin D Status in
Pediatric Patients with Celiac Disease? |. Pediatr. Gastroenterol. Nutr. 2019, 69, 449-454. [CrossRef]
Bledsoe, A.C.; King, K.S.; Larson, ]J.].; Snyder, M.; Absah, I.; Choung, R.S.; Murray, J.A. Micronutrient
Deficiencies Are Common in Contemporary Celiac Disease Despite Lack of Overt Malabsorption Symptoms.
Mayo Clin. Proc. 2019, 94, 1253-1260. [CrossRef]

Lerner, A.; Shapira, Y.; Agmon-Levin, N.; Pacht, A.; Ben-Ami Shor, D.; Lopez, H.M.; Sanchez-Castanon, M.;
Shoenfeld, Y. The clinical significance of 250H-Vitamin D status in celiac disease. Clin. Rev. Allergy Immunol.
2012, 42, 322-330. [CrossRef]

Tokgoz, Y.; Terlemez, S.; Karul, A. Fat soluble vitamin levels in children with newly diagnosed celiac disease,
a case control study. BMC Pediatr. 2018, 18, 130. [CrossRef]

Patterson, K.Y.; Phillips, K.M.; Horst, R.L.; Byrdwell, W.C.; Exler, J.; Lemar, L.E.; Holden, ].M. Vitamin D
content and variability in fluid milks from a US Department of Agriculture nationwide sampling to update
values in the National Nutrient Database for Standard Reference. J. Dairy Sci. 2010, 93, 5082-5090. [CrossRef]
Tsuprykov, O.; Chen, X.; Hocher, C.-E; Skoblo, R.; Lianghong, Y.; Hocher, B. Why should we measure free
25(0OH) vitamin D? |. Steroid Biochem. Mol. Biol. 2018, 180, 87-104. [CrossRef]

Goltzman, D. Functions of vitamin D in bone. Histochem. Cell Biol. 2018, 149, 305-312. [CrossRef] [PubMed]
Corazza, G.R.; Di Sario, A.; Cecchetti, L.; Tarozzi, C.; Corrao, G.; Bernardi, M.; Gasbarrini, G. Bone mass and
metabolism in patients with celiac disease. Gastroenterology 1995, 109, 122-128. [CrossRef]

Cirillo, M.; Bilancio, G.; Guarino, E.; Cavallo, P.,; Lombardi, C.; Costanzo, S.; De Curtis, A.; Di Castelnuovo, A.;
Tacoviello, L. Vitamin D Status and Indices of Mineral Homeostasis in the Population: Differences Between
25-Hydroxyvitamin D and 1,25-Dihydroxyvitamin D. Nutrients 2019, 11, 1777. [CrossRef] [PubMed]
Pham-Short, A.; Donaghue, K.C.; Ambler, G.; Briody, J.; Garnett, S.; Munns, C.F,; Craig, M.E. Abnormal
Cortical and Trabecular Bone in Youth with Type 1 Diabetes and Celiac Disease. Diabetes Care 2019, 42,
1489-1495. [CrossRef]

Adams, J.E. Quantitative computed tomography. Eur. J. Radiol. 2009, 71, 415-424. [CrossRef]

Engelke, K.; Adams, J.E.; Armbrecht, G.; Augat, P.; Bogado, C.E.; Bouxsein, M.L.; Felsenberg, D.; Ito, M.;
Prevrhal, S.; Hans, D.B.; et al. Clinical use of quantitative computed tomography and peripheral quantitative
computed tomography in the management of osteoporosis in adults: The 2007 ISCD Official Positions. J.
Clin. Densitom. 2008, 11, 123-162. [CrossRef]

Ludvigsson, J.F; Leffler, D.A.; Bai, J.C.; Biagi, F; Fasano, A.; Green, P.H.; Hadjivassiliou, M.; Kaukinen, K;
Kelly, C.P,; Leonard, ].N.; et al. The Oslo definitions for coeliac disease and related terms. Gut 2013, 62, 43-52.
[CrossRef]

Piercy, K.L.; Troiano, R.P; Ballard, R.M.; Carlson, S.A; Fulton, J.E.; Galuska, D.A.; George, S.M.; Olson, R.D.
The Physical Activity Guidelines for Americans. JAMA 2018, 320, 2020-2028. [CrossRef]


http://dx.doi.org/10.1016/j.jpeds.2018.02.070
http://www.ncbi.nlm.nih.gov/pubmed/29681452
http://dx.doi.org/10.1007/s00198-016-3791-4
http://www.ncbi.nlm.nih.gov/pubmed/27714440
http://dx.doi.org/10.1136/gutjnl-2013-306578
http://www.ncbi.nlm.nih.gov/pubmed/24917550
http://dx.doi.org/10.1016/j.dld.2018.04.005
http://dx.doi.org/10.1097/MPG.0000000000002417
http://dx.doi.org/10.1016/j.mayocp.2018.11.036
http://dx.doi.org/10.1007/s12016-010-8237-8
http://dx.doi.org/10.1186/s12887-018-1107-x
http://dx.doi.org/10.3168/jds.2010-3359
http://dx.doi.org/10.1016/j.jsbmb.2017.11.014
http://dx.doi.org/10.1007/s00418-018-1648-y
http://www.ncbi.nlm.nih.gov/pubmed/29435763
http://dx.doi.org/10.1016/0016-5085(95)90276-7
http://dx.doi.org/10.3390/nu11081777
http://www.ncbi.nlm.nih.gov/pubmed/31374914
http://dx.doi.org/10.2337/dc18-2376
http://dx.doi.org/10.1016/j.ejrad.2009.04.074
http://dx.doi.org/10.1016/j.jocd.2007.12.010
http://dx.doi.org/10.1136/gutjnl-2011-301346
http://dx.doi.org/10.1001/jama.2018.14854

Nutrients 2020, 12, 929 10 of 11

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Atlante Italiano Della Radiazione Solare (English Translation: Italian Atlas of Solar Irradiation). Available
online: www.solaritaly.enea.it (accessed on 26 March 2020).

Levey, A.S,; Stevens, L.A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.F,, 3rd; Feldman, H.I.; Kusek, ] W.; Eggers, P.;
Van Lente, F.; Greene, T.; et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 2009,
150, 604-612. [CrossRef]

Valcour, A.; Zierold, C.; Podgorski, A.L; Olson, G.T.; Wall, ]J.V.; DeLuca, HF; Bonelli, E. A novel,
fully-automated, chemiluminescent assay for the detection of 1,25-dihydroxyvitamin D in biological
samples. |. Steroid Biochem. Mol. Biol. 2016, 164, 120-126. [CrossRef]

De la Hunty, A.; Wallace, A.M.; Gibson, S.; Viljakainen, H.; Lamberg-Allardt, C.; Ashwell, M. UK Food
Standards Agency Workshop Consensus Report: The choice of method for measuring 25-hydroxyvitamin D
to estimate vitamin D status for the UK National Diet and Nutrition Survey. Br. ]. Nutr. 2010, 104, 612-619.
[CrossRef] [PubMed]

Phinney, KW.; Tai, S.S.; Bedner, M.; Camara, J.E.; Chia, R.R.C.; Sander, L.C.; Sharpless, K.E.; Wise, S.A.;
Yen, ].H.; Schleicher, R.L.; et al. Development of an Improved Standard Reference Material for Vitamin D
Metabolites in Human Serum. Anal. Chem. 2017, 89, 4907-4913. [CrossRef] [PubMed]

Meyer, H.E.; Segaard, A.J.; Tverdal, A.; Selmer, RM. Body mass index and mortality: The influence of
physical activity and smoking. Med. Sci. Sports Exerc. 2002, 34, 1065. [CrossRef]

Hu, G.; Tuomilehto, J.; Silventoinen, K.; Barengo, N.; Peltonen, M.; Jousilahti, P. The effects of physical
activity and body mass index on cardiovascular, cancer and all-cause mortality among 47 212 middle-aged
Finnish men and women. Int. J. Obes. 2005, 29, 894-902. [CrossRef] [PubMed]

Chen, Y.; Wang, X.; Wang, J.; Yan, Z.; Luo, J. Excess body weight and the risk of primary liver cancer: An
updated meta-analysis of prospective studies. Eur. ]. Cancer 2012, 48, 2137-2145. [CrossRef] [PubMed]
Butz, S.; Wiister, C.; Scheidt-Nave, C.; Gotz, M.; Ziegler, R. Forearm BMD as measured by peripheral
quantitative computed tomography (pQCT) in a German reference population. Osteoporos. Int. 1994, 4,
179-184. [CrossRef] [PubMed]

Carey, J.J.; Delaney, M.E; Love, T.E.; Richmond, B.J.; Cromer, B.A.; Miller, P.D.; Manilla-McIntosh, M.;
Lewis, S.A.; Thomas, C.L.; Licata, A.A. DXA-generated Z-scores and T-scores may differ substantially and
significantly in young adults. J. Clin. Densitom. 2007, 10, 351-358. [CrossRef]

Selby, P.L.; Davies, M.; Adams, ]J.E.; Mawer, E.B. Bone loss in celiac disease is related to secondary
hyperparathyroidism. J. Bone Miner. Res. 1999, 14, 652-657. [CrossRef]

Borel, P; Caillaud, D.; Cano, N.J. Vitamin D bioavailability: State of the art. Crit. Rev. Food Sci. Nutr. 2015, 55,
1193-1205. [CrossRef]

Robert, M.E.; Crowe, S.E.; Burgart, L.; Yantiss, R.K.; Lebwohl, B.; Greenson, ] K.; Guandalini, S.; Murray, J.A.
Statement on Best Practices in the Use of Pathology as a Diagnostic Tool for Celiac Disease: A Guide for
Clinicians and Pathologists. Am. |. Surg. Pathol. 2018, 42, e44-e58. [CrossRef]

Ciacci, C.; Cirillo, M.; Mellone, M.; Basile, F.; Mazzacca, G.; De Santo, N.G. Hypocalciuria in overt and
subclinical celiac disease. Am. ]. Gastroenterol. 1995, 90, 1480-1484.

Kariv, R.; Sidi, Y.; Malnick, S.; Gur, H. Pathologic fractures, anemia, hypercalcemia and hypocalciuria: An
association between celiac disease and hyperparathyroidism. ISR Med. Assoc. J. 1999, 1, 280-281. [PubMed]
Kemppainen, T.; Kroger, H.; Janatuinen, E.; Arnala, I.; Kosma, V.M.; Pikkarainen, P.; Julkunen, R.; Jurvelin, J.;
Alhava, E.; Uusitupa, M. Osteoporosis in adult patients with celiac disease. Bone 1999, 24, 249-255. [CrossRef]
Wierdsma, N.J.; van Bokhorst-de van der Schueren, M. A.; Berkenpas, M.; Mulder, C.J.; van Bodegraven, A.A.
Vitamin and mineral deficiencies are highly prevalent in newly diagnosed celiac disease patients. Nutrients
2013, 5, 3975-3992. [CrossRef] [PubMed]

Di Stefano, M.; Bergonzi, M.; Benedetti, I.; De Amici, M.; Torre, C.; Brondino, N.; Miceli, E.; Pagani, E.;
Marseglia, G.L.; Corazza, G.R.; et al. Alterations of Inflammatory and Matrix Production Indices in Celiac
Disease with Low Bone Mass on Long-term Gluten-free Diet. ]. Clin. Gastroenterol. 2019, 53, e221-e226.
[CrossRef]

Ciacci, C.; Maurelli, L.; Klain, M.; Savino, G.; Salvatore, M.; Mazzacca, G.; Cirillo, M. Effects of dietary
treatment on bone mineral density in adults with celiac disease: Factors predicting response. Am. J.
Gastroenterol. 1997, 92, 992-996.


www.solaritaly.enea.it
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://dx.doi.org/10.1016/j.jsbmb.2015.08.005
http://dx.doi.org/10.1017/S000711451000214X
http://www.ncbi.nlm.nih.gov/pubmed/20712915
http://dx.doi.org/10.1021/acs.analchem.6b05168
http://www.ncbi.nlm.nih.gov/pubmed/28375002
http://dx.doi.org/10.1097/00005768-200207000-00002
http://dx.doi.org/10.1038/sj.ijo.0802870
http://www.ncbi.nlm.nih.gov/pubmed/15724141
http://dx.doi.org/10.1016/j.ejca.2012.02.063
http://www.ncbi.nlm.nih.gov/pubmed/22446023
http://dx.doi.org/10.1007/BF01623237
http://www.ncbi.nlm.nih.gov/pubmed/7949747
http://dx.doi.org/10.1016/j.jocd.2007.06.001
http://dx.doi.org/10.1359/jbmr.1999.14.4.652
http://dx.doi.org/10.1080/10408398.2012.688897
http://dx.doi.org/10.1097/PAS.0000000000001107
http://www.ncbi.nlm.nih.gov/pubmed/10731364
http://dx.doi.org/10.1016/S8756-3282(98)00178-1
http://dx.doi.org/10.3390/nu5103975
http://www.ncbi.nlm.nih.gov/pubmed/24084055
http://dx.doi.org/10.1097/MCG.0000000000001032

Nutrients 2020, 12, 929 11 of 11

38.

39.

40.

41.

42.

43.

44.

Colt, E.; Akram, M.; Pi Sunyer, EX. Comparison of high-resolution peripheral quantitative computerized
tomography with dual-energy X-ray absorptiometry for measuring bone mineral density. Eur. J. Clin. Nutr.
2017, 71, 778-781. [CrossRef]

Bolotin, H.H.; Sievanen, H.; Grashuis, ]J.L. Patient-specific DXA bone mineral density inaccuracies:
Quantitative effects of nonuniform extraosseous fat distributions. |. Bone Miner. Res. 2003, 18, 1020-1027.
[CrossRef]

Zanchetta, M.B.; Costa, F.; Longobardi, V.; Longarini, G.; Mazure, R M.; Moreno, M.L.; Vazquez, H.; Silveira, F;
Niveloni, S.; Smecuol, E.; et al. Significant bone microarchitecture impairment in premenopausal women
with active celiac disease. Bone 2015, 76, 149-157. [CrossRef]

Van Schoor, N.M.; Lips, P. Worldwide vitamin D status. Best Pract. Res. Clin. Endocrinol. Metab. 2011, 25,
671-680. [CrossRef]

Zhou, P; Hu, J.; Xi, P; Zhang, N.; Yang, B.; Zheng, ].; Wang, X. Survey on the levels of 25-hydroxy vitamin
D and bone metabolic markers and evaluation of their correlations with osteoporosis in perimenopausal
woman in Xi'an region. PLoS ONE 2017, 12, e0180366. [CrossRef] [PubMed]

Callegari, E.T.; Garland, S.M.; Gorelik, A.; Wark, J.D. Determinants of bone mineral density in young
Australian women; results from the Safe-D study. Osteoporos. Int. 2017, 28, 2619-2631. [CrossRef] [PubMed]
Qaseem, A.; Forciea, M.A.; McLean, R.M.; Denberg, T.D. Treatment of Low Bone Density or Osteoporosis to
Prevent Fractures in Men and Women: A Clinical Practice Guideline Update From the American College of
Physicians. Ann. Intern. Med. 2017, 166, 818-839. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/ejcn.2016.178
http://dx.doi.org/10.1359/jbmr.2003.18.6.1020
http://dx.doi.org/10.1016/j.bone.2015.03.005
http://dx.doi.org/10.1016/j.beem.2011.06.007
http://dx.doi.org/10.1371/journal.pone.0180366
http://www.ncbi.nlm.nih.gov/pubmed/28686649
http://dx.doi.org/10.1007/s00198-017-4100-6
http://www.ncbi.nlm.nih.gov/pubmed/28660495
http://dx.doi.org/10.7326/M15-1361
http://www.ncbi.nlm.nih.gov/pubmed/28492856
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Results 
	25(OH)D, 1,25(OH)2D, PTH, and Other Lab Tests in CeD 
	Peripheral BMD in CeD 

	Discussion 
	References

