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Normal parathyroid function
with decreased bone mineral
density in treated celiac disease

Bernard Lemieux MDI, Michel Boivin MDl, Jean-Hugues Brossard MDI, Raymond Lepage PhDZ,
Daniel Picard MDB, Louise Rousseau BScl, Pierre D’Amour MD'

B Lemieux, M Boivin, J-H Brossard, R Lepage, D Picard,
L Rousseau, P D’Amour. Normal parathyroid function with
decreased bone mineral density in treated celiac disease. Can ]
Gastroenterol 2001;15(5):302-307. Decreased bone mineral
density (BMD) has been reported in patients with celiac disease
in association with secondary hyperparathyroidism. The present
study investigated whether basal parathyroid hormone (PTH)
remained elevated and whether abnormalities of parathyroid
function were still present in celiac disease patients treated with
a gluten-free diet. Basal seric measurements of calcium and phos-
phate homeostasis and BMD were obtained in 17 biopsy-proven
patients under treatment for a mean period of 5.7+3.7 years
(range 1.1 to 15.9). In addition, parathyroid function was stud-
ied with calcium chloride and sodium citrate infusions in seven
patients. Basal measurements of patients were compared with
those of 26 normal individuals, while parathyroid function
results were compared with those of seven sex- and age-matched
controls. Basal results were similar in patients and controls
except for intact PTH (I-PTH) (3.77+0.88 pmol/L versus
2.28+0.63 pmol/L, P<0.001), which was higher in the former
group but still within normal limits. Mean 25-hydroxy vitamin D
and 1,25-dihydroxy vitamin D values were normal in patients.
Parathyroid function results were also found to be similar in both
groups. Compared with a reference population of the same age
(Z score), patients had significantly lower BMDs of the hip
(-0.60+0.96 SDs, P<0.05) and lumbar spine (-0.76+1.15 SDs,
P<0.05). T scores were also decreased for the hip (-1.3+0.9 SDs,
P<0.0001) and lumbar spine (-1.4+1.35 SDs, P<0.0001), with
two to three patients being osteoporotic (T score less than
—2.5 SDs) and seven to eight osteopenic (T score less than —1
SDs but greater than or equal to —2.5 SDs) in at least one site.

Height and weight were the only important determinants of
BMD values by multivariate or logistical regression analysis in
these patients. The results show higher basal I-PTH values with
normal parathyroid function in treated celiac disease. Height
and weight values are, but I-PTH values are not, an important
determinant of the actual bone mass of patients. Normal
parathyroid function in treated patients suggests a lack of previ-
ous severe secondary hyperparathyroidism and/or complete
adaptation to prior changes in parathyroid function.
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Maladie coeliaque traitée, déminéralisation
osseuse et fonctionnement parathyro’idien
normal

RESUME : La documentation scientifique a déja fait état de la diminu-
tion de la densité minérale osseuse (DMO) chez les patients atteints de
la maladie coeliaque associée a une hyperthyroidie secondaire. La
présente étude vise a vérifier si le taux de parathormone (PTH) reste
élevé et si les anomalies du fonctionnement parathyroidien persistent
chez les patients dont la maladie coeliaque est traitée a I’aide d’une diete
sans gluten. Des mesures sériques de base de 'homéostasie du calcium et
du phosphate et de la DMO ont été prises chez 17 patients dont la ma-
ladie a été confirmée par biopsie et traitée pendant une période moyenne
de 5,7 + 3,7 ans (étendue de 1,1 a 15,9). En outre, le fonctionnement
parathyroidien a été évalué au moyen d’une perfusion a base de chlorure
de calcium et de citrate de sodium chez 7 patients. Les mesures de base
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des patients ont été comparées a celles de 26 sujets normaux et les résul-
tats du fonctionnement parathyroidien, 2 ceux de sept témoins appariés
selon I'4ge et le sexe. Les résultats de base étaient de méme ordre chez les
patients et les sujets, sauf en ce qui concerne la PTH intacte (PTH-1 )
(3,77 + 0,88 pmol/l contre 2,28 + 0,63 pmol/l; P < 0,001) dont le taux,
dans le premier groupe, était plus élevé mais tout de méme sis dans les
limites de la normale. Les valeurs moyennes de la 25-hydroxyvitamine D
et de la 1,25-dihydroxyvitamine D étaient normales chez les patients.
Les résultats du fonctionnement parathyroidien se sont également avérés
normaux dans les deux groupes. Par contre, la DMO de la hanche (-0,60
+ 0,96 d’écart type [ET]; P < 0,05) et de la colonne lombaire (-0,76 +
1,15 ET; P < 0,05) était significativement plus faible que celle d’une po-
pulation de référence de méme 4ge. Les scores T étaient également
inférieurs pour la hanche (1,3 + 0,9 ET; P < 0,0001) et la colonne lom-

baire (-1,4 = 1,35 ET; P < 0,0001); deux ou trois patients étaient jugés
ostéoporotiques (T < -2,5 ET) et sept ou huit, ostéopéniques (T < -1 ET
mais > -2,5 ET) en au moins un point de mesure. Selon I'analyse a
plusieurs variables ou I'analyse de régression logistique, la taille et le
poids étaient les seuls déterminants importants de la valeur de la DMO.
Somme toute, les résultats font état de taux de base de la PTH-I plus
élevés que la normale chez les patients dont la maladie coeliaque est
traitée, et ce, méme en présence d’un fonctionnement parathyroidien
normal. La taille et le poids, contrairement 2 la valeur de la PTH-I, sont
des déterminants importants de la masse osseuse des patients. Le fonc-
tionnement parathyroidien normal chez les patients traités semble indi-
quer l'absence d’antécédents d’une hyperthyroidie secondaire grave ou
une adaptation complete a des troubles antérieurs du fonctionnement
parathyroidien.

Bone mineral density (BMD) is generally decreased at
various sites in patients with celiac disease (1-19). A
gluten-free diet with or without supplements usually
improves BMD with time, but many patients retain abnor-
mally low values characteristic of osteopenia and even
osteoporosis (2,3,5-19). Decreased intestinal calcium absorp-
tion (20) leading to secondary hyperparathyroidism (17) is
believed to be central to the bone loss process (21,22). Mean
basal parathyroid hormone (PTH) levels are slightly ele-
vated in untreated patients (1,9,10,13-19), and the response
to dietary therapy varies, depending on the PTH assay used.
Improved values are generally seen with intact PTH (I-
PTH) assays (9,13-19), and unchanged values with midcar-
boxylterminal assays (1,10). The parathyroid function of
treated patients has never been investigated even if, on a
theoretical basis, a residual, increased mass of parathyroid
tissue could contribute to bone abnormalities.

In a dog model of secondary hyperparathyroidism
induced by dietary calcium and vitamin D deficiencies, a
fivefold increase in parathyroid function was observed over
two years (23). With treatment for another year, parathyroid
function measured by I-PTH assay decreased to threefold
the original value, while basal I-PTH was completely nor-
malized because the set point of PTH stimulation by cal-
cium was lowered (24). We investigated whether similar
adaptation occurs in treated celiac disease patients to ascer-
tain whether it could explain their bone abnormalities.

SUBJECTS AND METHODS
Experimental subjects: Seventeen patients — four men and
13 women — with intestinal biopsy-proven celiac disease
were recruited from the central registry of the Centre hos-
pitalier de 'Université de Montréal — Hopital Saint Luc.
They had been treated with a gluten-free diet since diagno-
sis. All of the patients agreed to participate in a basal bio-
chemical evaluation and have their BMDs measured at the
hip and lumbar spine. Only seven agreed to participate fur-
ther in a study of parathyroid function. They were com-
pared with 26 normal individuals who had participated,
over the years, in various protocols on parathyroid function
evaluation (25-28). These individuals were workers at the
Research Centre of the Centre hospitalier de I'Université
de Montréal or women recruited at the menopause clinic of
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the hospital. All were free of known diseases, were off med-
ications, had a normal diet and had normal serum values of
calcium, phosphate, PTH and creatinine. A subgroup of
seven of these subjects, matched to the patients for age and
sex, was used for parathyroid function comparison.
Experimental protocol: The experimental protocol was
approved by the Human Research Ethics Committee of the
Centre hospitalier de 'Université de Montréal, and all par-
ticipants signed an informed consent form. The study was
performed from March to June 1998, at the end of winter.
Blood was obtained from each subject to measure baseline
ionized calcium (CaZ+), [-PTH, phosphate, creatinine and
alkaline phosphatase. Serum 25-hydroxy vitamin D and
1,25-dihydroxy vitamin D were also measured. Parathyroid
function was evaluated in seven patients. Calcium chloride
and sodium citrate were infused over a 2 h period, as
described previously (28). Each subject was studied on two
different mornings, having consumed only water since the
preceding evening. Each subject was seated in an armchair,
and catheters were placed in both antecubital veins for infu-
sion and blood sampling. On the first occasion, serum
Ca’" was increased for a 2 h period by means of an intra-
venous infusion of calcium chloride in 50 g/L dextrose,
which provided 125 pmol elemental calcium/kg/h. Four to
seven days later, serum Ca’* was decreased for 2 h by means
of an intravenous infusion of sodium citrate, which provided
29 umol/kg/h. Procaine hydrogen chloride (12.5 umol/kg/h)
was added to the sodium citrate solution to relieve arm pain
during the last infusion. Each infusion caused a +0.3 mmol
ionized calcium concentration change. Blood was sampled
every 10 to 15 min during both infusions to measure ionized
calcium and I-PTH. BMD of the hip and lumbar spine was
assessed in all patients.

Biochemical measurements: lonized calcium was measured
immediately after blood collection with an ICA, analyzer
(Radiometer, Denmark); the interassay coefficients of vari-
ance were 3.3% and 2.7%, respectively, at concentrations of
0.77 mmol/L and 1.75 mmol/L. Serum phosphate, creati-
nine and alkaline phosphatase were quantified by auto-
mated colorimetry. Serum 25-hydroxy vitamin D and 1,25-
dihydroxy vitamin D were measured after extraction with
acetonitrile. 1,25-dihydroxy vitamin D was chromato-
graphed on C-18 and silica cartridges before quantification
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TABLE 1

Characteristics of patients with celiac disease and normal controls in the basal state (mean = SD)

Normal control

Parameters measured (normal range) subjects (all)

Patients (all)

Normal control subjects
(parathyroid function group)

Patients
(parathyroid function group)

n 26 17 7 7

Age (years) 3610 50%12* 45=+7 45+12
Weight (kg) 65+13 65+14 68+14 66=14
Height (cm) - 165+9 - 170+10
Sex (M:F) 9:17 4:13 3:4 3:4
lonized calcium (1.19 to 1.34 mmol/L) 1.23+0.03 1.22+0.03 1.22+0.4 1.20+0.02
Phospate (0.7 to 1.3 mmol/L) 0.99+0.10 1.03+0.14 0.97+0.06 1.04+0.12
Alkaline phosphotase (25 to 97 U/L) 52.6+21.9 65+25 73+34 57+17
Creatinine (55 to 112 umol/L) 67+15.9 66+15 69+14 66+21
25-hydroxy vitamin D (35 to 115 nmol/L) - 66.1%+35 - 59.7+32.8
1,25-dihydroxy vitamin D (72 to 120 pmol/L) - 103.4+29.6 - 105.8+26.6
I-PTH (1.0 to 6.8 pmol/L) 2.28+0.63 3.77+0.88" 2.53+0.68 3.61+0.72%

*Normal control subjects (all) versus patients (all): P<0.01; *Normal control subjects (all) versus patients (all): P<0.001; *Normal control subjects
(parathyroid function group) versus patients (parathyroid function group): P<0.05. I-PTH Intact parathyroid hormone

with a commercial assay (Incstar Corp, USA). The within-
assay coefficient of variance for duplicate determinations
was 6% for 25-hydroxy vitamin D assay and 10% to 14% for
1,25-dihydroxy vitamin D assay. Serum PTH was measured
by commercial radioimmunometric assay for intact human
PTH (hPTH)-(1-84) (Allegro Intact PTH, Nichols
Institute Diagnostics, USA). This assay was initially
reported to react only with hPTH-(1-84) because available
synthetic amino and carboxylterminal fragments did not
react in the assay (29,30). Nonetheless, this and other com-
mercial [-PTH assays have been demonstrated to react with
a molecular form of PTH other than hPTH-(1-84) in
humans when sera obtained under various calcemic condi-
tions were fractionated by high performance liquid chro-
matography (31,32). The non-PTH-(1-84) molecular form
represents approximately 20% of [-PTH in normal individ-
uals. The reported detection limit of the assay is 0.1 pmol/L
in the Nichol’s Institute brochure. The intra-assay coeffi-
cient of variance for duplicates is 3.1%.

BMD: BMD of the lumbar spine (L2 to L4) and right
femoral neck was measured by dual-energy x-ray absorp-
tiometry (DXA), using a lunar DPX-IQ scanner (Lunar
Corporation, USA). Measurement precision was better
than 1.5% for the spine and 2.5% for the femoral neck. The
results are expressed in g/cmz.

Mathematical and statistical analyses: The data are pre-
sented as mean + SD. Biochemical comparisons between
normal control subjects and patients were performed by
non-paired Student’s ¢ test. Standard methods were used for
unvariate and multivariate or logistical regression analysis.
The parathyroid function of each individual was analyzed
with a mathematical model fitting the sigmoidal relation-
ship between [-PTH and ionized calcium concentrations, as
described previously (25,28,33). A minimum of 15 points,
derived from hypocalcemic and hypercalcemic infusions,
was used for each analysis. Raw data were analyzed with the
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Origin nonlinear sigmoid curve fit module (Microcal
Software Inc, USA). Fitting of the calculated curve to the
experimental points was evaluated by the square of the cor-
relation coefficient (Rz). BMD is reported as absolute val-
ues (g/cmz), Z scores and T scores. The Z score represents
the number of SDs that an individual value differs from the
corresponding mean normal value for sex and age, while the
T score represents the number of SDs that an individual
value differs from the peak BMD (BMD at age 20 to 40
years) of a sex-matched, normal population. World Health
Organization criteria were used to define osteopenia
(T score less than —1 but greater than —2.5 SDs) and osteo-
porosis (T score less than —2.5 SDs). The Z and T scores of
patients were compared with the respective reference popu-
lations of the DXA manufacturer, using the one-sample
t test.

RESULTS
Clinical state: Mean patient age was 50.6+13.4 years. The
four men (40+2 years) were younger than the women
(54+12 years). The mean duration of celiac disease since
diagnosis was 5.7+3.7 years and was similar in men (mean
4.8+2.2 years; range 1.1 to 8.1 years) and women (mean
5.843.9 years; range 1.1 to 15.9 years). All patients stated
that they were compliant with their gluten-free diet. Their
dietary response was assessed over time by repeat biopsy in
the four men and eight of the women, with all of them,
except one woman, having a normal or greatly improved
histological picture. All 17 patients said they were clinically
improved because of their diet, although reduced bowel
movements, decreased abdominal cramps and weight gain
were seen, usually only in the most severe cases. The direct
role of gluten-free diet on specific biochemical defects was
more difficult to appreciate because of simultaneous treat-
ments with iron, folate, vitamin D and calcium. Nine
women were postmenopausal, five were on hormone
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Figure 1) Lewels of intact parathyroid hormone (I-PTH) in 26 normal
control subjects and 17 patients with biopsy-proven celiac disease, and in
seven patients and seven normal control subjects who underwent parathy-
roid function study. The normal range is indicated by widening of the scale

TABLE 2
Parathyroid function in patients with celiac disease and
normal control subjects

I-PTH (pmol/l)

o T T T
‘08 10 12 14 16
Ca++ (mmol/l)

Figure 2) Mean parathyroid function in mormal control subjects
( ) and patients (— — — —) measured by an intact parathyroid hor-
mone (I-PTH) assay

TABLE 3
Bone mineral density (BMD) measurements in patients
with celiac disease

Assay or Function
ratio parameters Normals (n=7) Patients (n=7)
I-PTH Maximum 12.6%2.1 11.7%£2.07
Slope 44.8+12.4 63.4+22.3
Set point 1.17+0.04 1.19+0.02
Minimum 0.75+0.26 0.56+0.29
R? 0.96+0.04 0.95+0.04

These data are also illustrated in Figure 2. I-PTH Intact parathyroid hormone

replacement therapy, and all were consuming calcium and
vitamin D supplements. Two had been taking steroids inter-
mittently, either orally or topically, for associated vasculitis
and psoriasis. As a group, the patients were older than the
controls and were mostly females, but the normal control
subjects, who were chosen for parathyroid function, were
perfectly matched to the patients for age and sex.

Biochemical parameters and parathyroid function: The
main characteristics of all normal control subjects and
patients and of those who participated in the parathyroid
function study are enumerated in Table 1. The biochemical
parameters were similar in the two groups except for [-PTH
values, which were higher in patients but still within the
normal range (Figure 1). Mean 25-hydroxy vitamin D and
1,25-dihydroxy vitamin D values were also normal in
patients, but three of them had 25-hydroxy vitamin D values
below 35 nmol/L, the lower limit of the normal range.
Findings in the two subgroups studied for parathyroid func-
tion were similar, illustrating that the higher I-PTH levels in
patients were independent of age and sex. The results of
parathyroid function are presented in Table 2 and illustrated
in Figure 2 as means for each group. Stimulated I-PTH
(maximum), nonsuppressible I-PTH (minimum), sensitivity

Can ] Gastroenterol Vol 15 No 5 May 2001

Lumbar BMD (n=17)

glem? 1.04+0.16
Z score (SDs) -0.76x1.15*
<-1>-2.5 SDs 6

T score (SDs) ~1.4=1.3"
<-2.5 SDs 3
<-1>-2.5 SDs 7

Femoral BMD (n=17)

glem? 0.85+0.13
Z score -0.60 = 0.96*
<-1>-2.5 SDs 6

T score -1.320.9"
<-2.5 SDs 2
<-1>-2.5 SDs 8

*P<0.05, P<0.001 versus reference population measured by dual-
energy x-ray absorptiometry

to calcium changes (slope) and set point (ionized calcium
values corresponding to half-stimulation) were similar in
both groups.

BMD: Table 3 presents the results of lumbar and femoral
BMD in the 17 patients. Compared with normal individuals
of the same age (Z score), they had significantly lower lum-
bar BMD (-0.076+1.15 SDs, P<0.05) and femoral BMD
(-0.60+0.96 SDs, P<0.05). Furthermore, six individuals had
values less than —1 SDs at each site. Compared with young
normal control subjects (T score), mean lumbar BMD
(-1.4+1.3 SDs, P<0.001) and femoral BMD (-1.3+0.9 SDs,
P<0.001) were decreased by more than 1 SD in the 17
patients. Three patients were osteoporotic (less than —2.5 SDs)
at the lumbar site, and two at the femoral site, while seven
were osteopenic (less than —1 SDs and greater than —2.5 SDs)
at the lumbar site, and eight at the femoral site. Fifty-nine
per cent of the patients were either osteopenic or osteo-
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TABLE 4
Determinants of bone mineral density (BMD) in celiac
disease patients treated with a gluten-free diet

Lumbar BMD Femoral BMD
Determinants R P R P
Age (years) -0.538 <0.05 -0.407 0.104
Weight (kg) 0.664 <0.005 0.879 <0.0001
Height (cm) 0.706 <0.005 0.714 <0.001
I-PTH (pmol/L) 0.550 <0.05 0.177 0.500
Creatinine (mmol/L) 0.419 0.094 0.552 <0.05
Lumbar BMD - - 0.641 <0.01
Femoral BMD 0.641 <0.01 - -

Statistical analysis by simple linear regression (n=17). I-PTH Intact
parathyroid hormone

porotic. Lumbar BMD (Table 4) was correlated with femoral
BMD (R=0.641, P<0.01), age (R=-0.538, P<0.05),
weight (R=0.664, P<0.005), height (R=0.706, P<0.005)
and [-PTH (R=0.550, P<0.05) by regression analysis. In the
latter case (I-PTH), the relationship was entirely explained
by three patients — two with the lowest BMD and PTH val-
ues, and one with the highest BMD and PTH values. Only
height remained significant by multivariate regression
analysis (F=11.4, P<0.005). This was also true with logistical
regression using lumbar T score less than —1 SDs as the
threshold because height was identified as the only impor-
tant covariate (X,=6.9, P<0.01). Femoral BMD (Table 4)
was correlated with lumbar BMD (R=0.641, P<0.01),
weight (R=0.879, P<0.0001), height (R=0.714, P<0.001)
and creatinine (R=0.552, P<0.05) by regression analysis.
Only weight remained significant by multivariate regression
analysis (F=45.9, P<0.0001). With logistical regression
analysis using the criteria previously identified, only weight
remained significant (X,=8.56, P<0.005).

DISCUSSION
This study was performed to ascertain whether basal [-PTH
is still elevated and parathyroid function abnormalities are
still present in treated patients with celiac disease. We were
interested to see whether these were important determi-
nants of actual BMD at the hip and lumbar spine.

Basal measurements obtained in 26 normal control sub-
jects who had participated, over the years, in parathyroid
function studies (25-28) were compared with those in 17
patients with biopsy-proven celiac disease treated with a
gluten-free diet for a mean period of 5.7 years. Seven of
these patients who underwent a parathyroid function test
were also compared with seven sex- and age-matched con-
trols subjected to similar testing. All biochemical parame-
ters were similar in normal individuals and patients, except
for the mean [-PTH level, which was significantly higher in
patients; however, individual values were still in the normal
range. The normal control subjects were younger than the
patients, and most of the patients were females. These differ-
ences were abolished in the seven patients and seven
matched controls who had parathyroid function tests, yet
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mean basal [-PTH was still significantly elevated in the
patients, indicating that the I-PTH results were independent
of age and sex. The mean [-PTH value obtained here is very
similar to the mean values of treated patients reported by
several groups using the same I-PTH assay (7,9,14,16-19).
Most values obtained by others (7,9,14,19) were also in the
normal range, except in two recent studies, in which up to
one-third of treated patients had values slightly above the
normal range (17,18). The exact reason for this is unclear,
higher values being generally seen in a small proportion of
untreated patients (9,14,16,18) or in those refractory to
treatment (14,18). Eleven of the 12 patients who had a sec-
ond biopsy while on treatment presented a corrected or
improved histological picture and had PTH values in the
normal range, while patients with elevated PTH values
while on treatment demonstrated little improvement of
their histological picture. This factor was not always con-
sidered in prior publications. Low 25-hydroxy vitamin D
and 1,25-dihydroxy vitamin D levels have been implicated
in increased mean I-PTH values (17,18), but these factors
were unrelated to I-PTH levels in our study. In another
investigation, the proportion of low 25-hydroxy vitamin D
values decreased from 67.8% to 7.7% over five years of
dietary treatment, while high I-PTH values fell from 21.4%
to 15% (19). The proportion of low 25-hydroxy vitamin D
values in the present study was 17.6% at the end of winter,
but all -PTH values were in the normal range. The small
proportion of low 25-hydroxy vitamin D values in the present
study may be related to eight menopausal women who were
taking calcium and vitamin D supplements. This may also
have contributed to the normal [-PTH values observed here.
An analysis of parathyroid function disclosed similar func-
tioning in patients and controls, with all four measured
parameters (maximal secretory capacity, suppressible fraction
of I-PTH secretion, sensitivity of PTH secretion to ionized
calcium changes or slope, and the set point of I-PTH stimu-
lation by ionized calcium) being alike in both groups. There
was a nonsignificant difference of +0.02 mmol/L ionized cal-
cium in the set point between patients and normal control
subjects. Such a difference could be sufficient, on theoretical
grounds, to explain the difference in basal [-PTH concentra-
tions between the two groups but would require much larger
groups to be demonstrated experimentally. Overall, these
results are reassuring because they do not disclose a residual
increase in parathyroid function once the disease is treated
and/or reflect a complete correction of possibly pre-existing
minimal secondary hyperparathyroidism. All of the patients
in the present study had basal I-PTH within the normal
range, and it is possible that those with slightly elevated val-
ues, as described in other studies (16-19), could have dis-
closed slightly increased parathyroid function. However, even
these cases are far from the severe secondary hyperparathy-
roidism seen in experimental models of calcium and vitamin D
deficiency in dogs (23,24), suggesting that celiac disease is
rarely associated with severe secondary hyperparathyroidism.
The BMD results in our patients were similar to those
described by others in comparable studies (1-19), with
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decreased values in one-third of patients both at the lumbar
spine and femoral neck compared with normals of the same
age and sex (Z score); 10 patients were also either
osteopenic or osteoporotic (T score). Several factors, includ-
ing age, height, weight and creatinine, could be related to
BMD in our patients by regression analysis, but only body
height or weight remained significant by multivariate or
logistical regression analysis. BMD results were not adjusted
for bone volume in our study, and this may have con-
tributed to the relationship with height and weight. BMD
results have not been adjusted in other studies dealing with
celiac disease either (1-19). Many of these factors have
been implicated in several investigations (2,5,6,10,12,13,16),
including time of menopause (11,12). 25-hydroxy vitamin
D, 1,25-dihydroxy vitamin D and I-PTH levels (13,16-19)
have also been implicated in some, but not all, investiga-
tions (7). The relatively small number of patients in our
study may have precluded us from identifying some of these
factors. Patients refractory to treatment may be important
to explain the relationship between PTH and BMD
(14,17,18). Furthermore, time since diagnosis or duration of
treatment (2,3,5,7,10-12,15) is not related to BMD in
patients with celiac disease. Calcium and vitamin D supple-
mentation (15,16) does not seem to influence BMD beyond
the effect of diet alone.

This study confirms that BMD at the hip and lumbar

spine is still reduced in celiac disease after a mean treatment
period of 5.7 years. Actual basal I-PTH values and parame-
ters of parathyroid function have minimal influence on
BMD in treated patients. There is no immunoassay evi-
dence of residual secondary hyperparathyroidism in treated
patients with celiac disease.
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