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ARTICLE INFO ABSTRACT

Keywords: Background: At time of diagnosis, patients with celiac disease (CD) have been shown to have lower bone mineral
Celiac Disease density (BMD) than healthy controls. It is unclear whether adult patients with CD can regain a normal BMD after
Osteoporosis treatment with a gluten-free diet (GFD).

Bone density Methods: Patients diagnosed with CD as adults, who had been treated with GFD for a minimum of two years,

were examined by dual energy X-ray absorptiometry (DXA) to determine BMD at femoral neck and spine L2-4.
Adherence to GFD was measured using the Celiac Disease Adherence Test (CDAT) scoring tool.

Results: 143 CD patients underwent DXA assessment, mean age was 55.8 years and mean treatment duration was
9.3 years. 67% of the patients were women, and 51% of these were postmenopausal. The prevalence of low bone
mass (Z-score < —1.0) was 18.2% (95%CI: 12.7-25.3%) at femoral neck and 23.1% (95%CI: 16.9-30.6%) at
spine L2-4. An increase in low bone density prevalence at spine L2-4 compared to the expected prevalence
(p = 0.016) was limited to the postmenopausal women. In a multiple regression analysis, only postmenopausal
status and poor adherence to GFD was independently associated with reduced bone density, this however limited
to spine L2-4.

Conclusion: Our study shows a small increase in the prevalence of low bone density at lumbar spine limited to
the postmenopausal women. The main finding is that the majority of the CD patients after two years of treatment

with GFD had a normal bone density when adjusted for age, gender, ethnicity and weight.

1. Introduction

Celiac Disease (CD) is a disorder characterized by mucosal in-
flammation and villous atrophy (VA) in the small intestine. The disease
has been shown to affect at least 1% of the European population [1].
The inflammatory reaction is triggered and maintained by the ingestion
of gluten peptides found in common grains, such as wheat, barley and
rye. The only causal treatment for CD is a gluten free diet (GFD) [2-4].
Patients may present with the classical symptoms associated with the
disease, i.e. severe diarrhea, bloating and abdominal pain, but many
patients also present with more atypical or low-grade symptoms [3,4].
The wide spectrum of symptoms in CD causes some patients to go un-
recognized for years, and most patients are diagnosed in adulthood. In
addition to gastrointestinal symptoms, CD is associated with other
manifestations such as nutrient deficiencies, dermatitis herpetiformis,
endocrine disorders, malignancy and bone loss [5-11].

Osteoporosis is one of the consequences of CD, and studies have
shown an increased prevalence of osteoporosis and low bone mineral
density (BMD) in newly diagnosed CD patients [12-15]. The loss of
bone mass looks to be at least partly reversible, as studies have shown
an increase in BMD after treatment with a GFD [12,14,16-19]. Some of
these studies also found that the observed increase in BMD is greatest in
the first year after starting a GFD. Furthermore, studies on pediatric CD
patients have shown that children can regain the lost bone mass and
achieve a normal “peak bone mass” if they adhere to GFD [20-22].
Whether patients diagnosed in adulthood are able to regain a normal
bone mass in the long run is still unclear. Primarily we aimed to explore
BMD at femoral neck and lumbar spine in adult CD patients who had
been treated with a GFD for at least two years, and to explore for as-
sociates with bone density. Secondarily we examined if osteoporosis
treatment of CD patients were performed in compliance with guidelines
and recommendations.
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Fig. 1. Flow-chart of the recruitment process. A total of 285 celiac disease patients were invited to participate, and 143 of these patients underwent densitometry.

2. Methods
2.1. Study design

This study is part of a broader study, aimed at describing several
aspects of CD in a cohort of adult patients in southern Norway. We have
previously published data on mucosal healing in the same cohort of
patients [23]. In this cross-sectional study, we present our findings on
BMD and its associates. Clinical data were collected at patient visits to
our outpatient clinic, and retrospective data was collected from the
patients' hospital records.

2.2. Patient population

The patient recruitment has previously been described in detail
[23]. In short, patients residing in Aust-Agder county (Southern
Norway) and diagnosed with CD at least two years previously were
identified through an extensive search in our pathology database. The
search was based on pathology SnoMed codes corresponding to CD,
mucosal atrophy and inflammation. All patients were then cross-refer-
enced with their medical records to ensure that only patients with
villous atrophy (VA) at the time of diagnosis were included. Patients
without villous atrophy at the time of diagnosis were not eligible for
inclusion. Pregnant women, patients with end-stage malignant disease
and patients presumed not to be able to give an informed consent were
also excluded from participation. Patients who had been diagnosed
with CD as children (<18years) were invited to participate in the
general study, but they were not included in the statistical analyses of
BMD and osteoporosis. In order to increase the external validity of our
results, a second recruitment phase was performed. In this phase, pa-
tients who had failed to respond to our first request were invited to
participate in a shortened version of the study limited to questionnaires
only. Patient recruitment is shown in Fig. 1.
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2.3. Densitometry

Patients underwent dual energy X-ray absorptiometry (DXA) scan of
the lumbar spine L2-4 and femoral neck using a GE Healthcare
(Chicago, IL, USA) Lunar Prodigy DXA machine. T-scores are based on
the reference databases provided by the manufacturer (NHANES/USA,
AP spine and femur American reference population, ages 20-40) and
were calculated by the manufacturer software (GE Lunar Prodigy
enCORE). The Z-scores were calculated by the same software and are
matched for age, gender, weight and ethnicity. Bilateral femoral neck
scans were done in all patients where possible, and the results are re-
ported as the average of both sides. The WHO cut point definitions for
osteoporosis (T-score < —2.5 standard deviation (SD)), osteopenia (T-
score > —2.5 SD and < —1.0 SD) and normal bone density (T-
score = —1.0 SD) were used [24]. The in-vitro long term coefficient of
variance (CV) for the spine phantom was 0.62%. The in-vivo CV for the
measurement procedure was 1.68% for right femoral neck, 1.56% for
left femoral neck and 1.26% for spine L2-4.

2.4. FRAX risk score

The 10-year risk of major osteoporotic fracture and hip fracture was
calculated using the University of Sheffield Fracture Risk Assessment
Tool (FRAX) for the Norwegian population [25]. The average femoral
neck BMD (g/cmz) was used for risk calculation.

2.5. Laboratory tests

S-25-OH-vitamin-D, s-calcium (corrected for s-albumin) and s-PTH
were measured in all patients. We defined vitamin D deficiency as s-25-
OH-vitamin-D levels <50 nmol/], regardless of PTH levels. Patients
with s-25-OH-vitamin-D levels in the range of 50-75nmol/l combined
with an increased PTH level in the absence of hypercalcemia were also



P. Heere, et al.

defined as having vitamin D deficiency and are reported separately.
Patients without vitamin D deficiency, but who had an increased level
of s-Ca in combination with an increase in PTH levels, were suspected
of having primary hyperparathyroidism.

2.6. Dietary assessment

Adherence to GFD was assessed using the Celiac Disease Adherence
Test (CDAT) developed by Leffler et al. [26]. This system consists of 7
questions assessed on a 5-point Likert scale (1-5) resulting in a total
sum of 7-35. Higher scores denote worse adherence to the diet. To note,
the test does not measure gluten intake directly, but rather measures
the risk of gluten exposure. Patients with CDAT scores <12 were ca-
tegorized as having “good adherence”, and patients with scores =18
were categorized as having “poor adherence”.

2.7. Symptom assessment

Patient symptoms were registered using a modified 3-day
Gastrointestinal Symptom Rating Scale, Irritable Bowel Syndrome ver-
sion scoring system (GSRS-IBS) [27,28]. The system evaluates 13
symptoms, each on a 7-point Likert scale (1-7). The scores can be ag-
gregated into seven subcategories. Higher scores represent more intense
symptoms.

2.8. Compliance with osteoporosis treatment guidelines

We examined to what extent our patients had used pharmacological
treatment for osteoporosis or increased fracture risk in accordance with
current guidelines. The treatment criteria of the National Osteoporosis
Foundation (NOF) Clinician's Guide [29] were used for comparison.
NOF recommends that the following men aged over 50 and post-
menopausal women should be considered for treatment: Patients who
either have A) experienced a hip or vertebral fracture, B) a T-
score < —2.5, or C) a T-score between —1.0 and — 2.5 combined with
either a 10 year FRAX risk =3% for hip fractures or a risk =20% for a
major osteoporosis-related fracture.

2.9. Ethics

All aspects of the study were pre-approved by the Norwegian
Regional Committee for Medical and Health Research Ethics (REK,
application number 2009/601). The study is performed in compliance

with the Helsinki declaration.
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2.10. Statistics

Data were analyzed using IBM SPSS Statistics v23 (IBM, Armonk,
NY, USA) and the OpenEpi web software [30]. Comparisons between
groups were performed using t-Test (for continuous variables) or the
chi-squared test (for categorical variables). 95% confidence intervals
(CI) for observed proportions were calculated using the Wilson Score.
Simple and multiple linear regression analyses were performed to ex-
amine for associates with BMD. Forward and backward multiple re-
gression analyses were performed with an entry level of 0.05 and re-
moval level of 0.10. Binominal tests with Clopper-Pearson confidence
intervals were used to compare observed proportions to the expected
proportions in a normal population. A significance level of 0.05 was
chosen.

3. Results

As previously reported we identified 285 patients who were eligible
for study inclusion [23]. A total of 155 patients consented to participate
in the first recruitment phase, and 151 of the patients consented to
undergo DXA assessment. 143 of these patients had been diagnosed
with CD as adults and were included in the statistical analyses (Fig. 1).
Patient characteristics are displayed in Table 1. There was a significant
age difference between the men and women in the study. Men were on
average 6.8years older than the women (CI 95%: 2.2-11.3years,
p = 0.004). The men were also diagnosed at an older age compared to
the women, on average 5.9years later (95% CI: 1.4-10.4years,
p = 0.01). Men were significantly less likely to use calcium supple-
ments (p = 0.04). There were no statistically significant gender differ-
ences in respect to treatment duration, Body Mass Index (BMI), ad-
herence score (CDAT), total symptom score (GSRS-IBS), previous low
energy fractures or smoking status. The mean duration of GFD was
9.3 years (median 8.0 years).

An additional 66 patients were recruited as part of the second phase
of the study. These patients did not undergo DXA. 60 of the patients had
been diagnosed as adults. These patients were on average 4.8 years
younger than the group who underwent DXA (95%CI 0.7-9.0 years,
p = 0.02). In addition, they had been diagnosed at an earlier age, with
a mean difference of 5.7 years (95%CI 1.5-9.9 years, p = 0.01). There
was no statistically significant difference in treatment duration, ad-
herence score or symptom score between these two groups.

Characteristics of celiac disease patients who consented to undergo DXA, and those who did not consent. DXA: Dual X-Ray Absorptiometry. SD: Standard Deviation.
GFD: Gluten-Free Diet. BMI: Body Mass Index. CDAT: Celiac Disease Adherence Test. GSRS-IBS: Gastrointestinal Symptom Rating Scale, Irritable Bowel Syndrome

version.
DXA No DXA N = 60
Men N = 47 Women N = 96 AllN = 143

Age (years, mean *+ SD) 60.4 + 14.2 53.6 + 12.1 55.8 +13.2 51.0 = 15.0
Age at diagnosis (years, mean * SD) 50.5 = 14.1 44.6 = 12.0 46.6 = 13.0 40.9 = 15.6
Duration of GFD (years, mean *+ SD) 9.8 +5.3 9.0 = 5.0 9.3+5.1 10.1 £ 5.6
Gender (female %) 0% 100% 67.1% 67.2%
Postmenopausal (%) NA 51.0% 34.3% NA
BMI (kg/mz, mean * SD) 26.9 + 3.5 25.6 + 5.3 26.0 + 4.8 NA
CDAT (mean score = SD) 13.1 =33 13.3 3.0 133+ 3.1 14.0 = 4.1
Current smokers (%) 10.6% 13.5% 12.6% NA
Previous smokers (%) 31.9% 29.2% 30.1% NA
Never smoked (%) 57.4% 57.3% 57.3% NA
GSRS-IBS (mean score + SD) 26.1 = 10.6 26.5 +9.5 26.4 9.8 25.0 £ 9.8
Vitamin D supplements (%) 16 (34.0%) 49 (51.0%) 65 (45.5%) NA
Calcium supplements (%) 8 (17.0%) 32 (33.3%) 40 (28.0%) NA
Previous or current bisphosphonate treatment (%) 2 (5.1%) 7 (9.3%) 9 (7.9%) NA
Previous low energy fracture (%) 5 (10.6%) 20 (20.8%) 25 (17.5%) NA
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Bone mineral density (BMD), expressed as g/cm2, T-score and Z-score at spine L2-4 and femoral neck in all 143 celiac disease patients and in patient subgroups. Data

is presented as mean with 95% confidential intervals.

Premenopausal women

All
n =143

Postmenopausal women

n = 47 n = 49

Men All women
n =47 n =96
Spine L2-4
BMD (g/cm?) 1.239 (1.192 to 1.286) 1.143 (1.102 to 1.183)
T-score —0.01 (—0.40 to 0.39) —0.48 (—0.82to —0.14)
Z-score 0.15 (—0.24 to 0.54) 0.11 (—0.17 to 0.38)

Femoral neck
BMD (g/cm?)
T-score
Z-score

0.942 (0.901 to 0.982)
—0.99 (—1.30 to —0.67)
—0.19 (-0 45 to 0.07)

0.892 (0.865 to 0.920)
—1.21 (—1.44 to —0.99)
—0.19 (—0.38 to —0.01)

1.245 (1.197 to 1.292)
0.4 (0.0 to 0.8)
0.4 (0.1 to 0.8)

1.045 (0.991 to 1.098)
-1.3(-1.7to —0.9)
—0.2(—0.6 to 0.2)

1.174 (1.142 to 1.206)
—0.33 (—0.59 to —0.06)
0.12 (—0.10 to 0.34)

0.962 (0.924 to 1.001)
—0.6 (—0.9to —0.3)
—0.1(-0.41t00.2)

0.825 (0.796 to 0.854)
—-1.8(-2.0to —1.5)
—0.3 (—0.6 to 0.0)

0.909 (0.886 to 0.931)
—1.14 (-1.32 to —0.96)
—0.19 (- 0.34 to —0.04)

3.1. Densitometry data

Mean BMD, T- and Z-score values for all patients, men, pre- and
postmenopausal women separately are presented in Table 2. The pre-
valence of patients with normal bone density, osteopenia, osteoporosis
and reduced bone density (defined as Z-score < — 1SD) for all patients,
men, pre-and postmenopausal women separately are presented in
Table 3. When limiting analyses to only men and premenopausal
women, the prevalence of osteoporosis at spine L2-4 and femoral neck
was 2.1% (95%CI 0.6-7.4%) and 6.4% (95%CI 3.0-13.2%), while the
prevalence of osteopenia at spine L2-4 and femoral neck was 19.1%
(95%CI 12.5-28.3%) and 42.6% (95%CI 33.0-52.7%). The prevalence
of osteoporosis at any measurement site was 14.0% (95%CI 9.2-20.6%)
for all patients, 6.4% (95%CI 2.2-17,2%) for men, 17.7% (95%CI
11.4-26.5%) for all women, 8.5% (95%CI 3.4-20.0%) for pre-
menopausal women and 26.5% (95%CI 16.2-40.3%) for post-
menopausal women, respectively.

For the whole sample population, mean Z-score at femoral neck was
slightly lower than the DXA manufacturers reference population, with a
mean difference of -0.19 (95%CI -0.34 to -0.04, p = 0.012). The mean
Z-score at spine L2—-4 was not significantly different compared to the
DXA reference population. We compared the observed prevalence of
low Z-score (= —1.0) to the expected prevalence in a reference popu-
lation, which is by definition 15.9% (Fig. 2).

In our sample population, the observed prevalence of low Z-score at
spine L2-4 was significantly higher than 15.9% (23.1%, 95%CL:
16.4-30.9%, p = 0.013). When excluding the postmenopausal women
from the analyses, the prevalence of low Z-score at spine L2-4 did not

Table 3

differ significantly from the expected prevalence (16.0%, 95%CI:
9.9-24.7). For the whole group, there was no significant difference
between the observed and expected prevalence of low Z-score at the
femoral neck (18.2%, 95%CI: 12.2-25.5). Analyzing the post-
menopausal group separately, there was a higher prevalence of low Z-
score at spine L2-4 when compared to the expected prevalence (36.7%,
95%CI: 24.7-50.7, p < 0.001), but not at the femoral neck (20.4%,
95%CI: 11.5-33.6). There were no significant differences between the
observed and expected prevalence of low Z-scores in premenopausal
women or in men, neither at spine L2-4 or femoral neck.
Premenopausal women had a significantly higher mean Z-score at spine
L2-4 compared to the postmenopausal women, with a mean difference
of 0.6 (95%CI: 0.1-1.2, p = 0.03), while there was no difference in the
mean Z-score at the femoral neck.

We performed univariate linear regression analyses to examine
clinical and laboratory parameters in relation to Z-scores at both spine
L2-4 and femoral neck. Parameters analyzed were age at diagnosis and
at study inclusion, duration of GFD, gender, postmenopausal status,
body mass index, history of low energy fracture, CDAT score, GSRS-IBS
score, smoking status, s-Ca, s-PTH, s-25-OH-vitamin-D, and calcium-,
vitamin D and bisphosphatane treatment. In univariate analyses, CDAT
score, GSRS-IBS total score and postmenopausal status were sig-
nificantly related to Z-scores at spine L2-4. Forward and backward
multiple linear regression analyses both yielded a model were only
CDAT score and postmenopausal status added significantly to the pre-
diction of Z-score at spine L2-4 (R = 0.124, p = 0.001). No parameters
were significantly associated with Z-score at femoral neck in univariate
regression analyses.

Prevalence of celiac disease patients, for all and for subgroups, with normal bone density, osteopenia and osteoporosis and reduced bone density defined as Z-
score < —1 SD at spine L2-4 and femoral neck. Data presented as numbers and percentage with 95% confidence intervals.

Men All women Premenopausal women Postmenopausal women All
n =47 n=96 n = 47 n =49 n =143
n Prevalence (95%CI) n Prevalence (95%CI) n Prevalence (95%CI) n Prevalence (95%CI) n Prevalence (95%CI)

T-score L2-4

> —1.0 SD 34 72.3% (58.1-83.1) 56 58.3% (48.3-67.7) 40 85.1% (72.3-92.6) 16 32.7% (21.2-46.6) 90 62.9% (54.8-70.4)

—1.0to —2.5SD 13 27.7% (16.9-41.8) 29 30.2% (21.9-40.0) 5 10.6% (4.6-22.6) 24 49.0% (35.6-62.5) 42 29.4% (22.5-37.3)

< -258D 0 0% (0-7.6) 11 11.5% (6.5-19.4) 2 4.3% (1.2-14.3) 9 18.4% (10.0-31.4) 11 7.7% (4.3-13.3)
T-score femoral neck

> —1.0 SD 19 40.4% (27.6-54.7) 39 40.6% (31.3-50.6) 29 61.7% (47.4-74.2) 10 20.4% (11.5-33.6) 58 40.6% (32.9-48.8)

—1.0to —2.5SD 25 53.2% (39.2-66.7) 46 47.9% (38.2-57.8) 15 31.9% (20.4-46.2) 31 63.3% (49.3-75.3) 71 49.7% (41.6-57.8)

=< —-258D 3 6.4% (2.2-17.2) 11 11.5% (6.5-19.4) 3 6.4% (2.2-17.2) 8 16.3% (8.5-29.0) 14 9.8% (5.9-15.8)
Z-score L2-4

> —1.0SD 36 76.6% (62.8-86.4) 74 77.1% (67.7-84.4) 43 91.5% (80.1-96.6) 31 63.3% (49.3-75.3) 110 76.9% (69.4-83.1)

=< —-1.0SD 11 23.4% (13.6-37.2) 22 22.9% (15.7-32.3) 4 8.5% (3.4-20.0) 18 36.7% (24.7-50.7) 33 23.1% (16.9-30.6)
Z-score femoral neck

> —1.0 SD 38 80.9% (67.5-89.6) 79 82.3% (73.5-88.7) 40 85.1% (72.3-92.6) 39 79.6% (66.4-88.5) 117 81.8% (74.7-87.3)

< -1.0SD 9 19.1% (10.4-32.5) 17 17.7% (11.4-26.5) 7 14.9% (7.4-27.7) 10 20.4% (11.5-33.6) 26 18.2% (12.7-25.3)

26
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Fig. 2. The prevalence (%) of celiac disease patients who had a low BMD, defined as a Z-score < —1.0. Error bars represent the 95% confidence interval of the
prevalence estimate. The horizontal line represents the expected 15.9% prevalence of low BMD in a normal population.

3.2. FRAX risk assessment

For the whole sample population, the median FRAX risk score for
major osteoporotic fracture and hip fracture were 5.4% (range
1.6-38.0%) and 0.9% (range 0-16%), respectively. 11 women and two
men (9.1% of the patients) had a 10-year risk for major osteoporotic
fracture =20%. 21 women and 11 men (22.4% of the patients) had a
10-year risk for hip fracture =3%. A total of 23 women and 11 men
(23.8%) had either an increased risk of a major osteoporotic fracture or
hip fracture.

3.3. Laboratory results

18 patients (12.6%) had a s-25-OH-vitamin-D level <50 nmol/l. An
additional eight patients (5.6%) had levels between 50 and 75 nmol/1
combined with an elevated PTH level in the absence of hypercalcemia,
suggestive of vitamin D deficiency. There were no significant seasonal
differences in mean 25-OH-vitamin-D levels across spring, summer, fall
or winter. Two patients had elevated PTH-levels in combination with
hypercalcemia, suggestive of primary hyperparathyroidism. Among the
26 patients with a vitamin D deficiency, seven patients (27%) used
vitamin D supplements. In comparison, 58 of the 117 patients (49.6%)
without vitamin D deficiency used vitamin D supplements (p = 0.036).
We found no significant correlations between Z-scores and s-PTH,
s-calcium or s-25-OH-vitamin-D levels, neither at spine L2—4 or femoral
neck.

3.4. Adherence to the gluten free diet

According to CDAT scores, 68 patients (47.9%) were classified as
having good adherence while 14 patients (9.9%) were classified as
having poor adherence. 60 patients (42.3%) had CDAT scores in the
middle of these two extremes. The age of the patients predicted CDAT
score, as younger patients tended to score higher (f = —0.19,
p = 0.024). The mean spine L2-4 Z-score of patients classified as
having poor adherence (—0.96) was significantly less than the mean Z-
score of patients classified as having good adherence (0.25) with a
difference of 1.22 (95%CI: 0.41-2.02, p = 0.003). There was no sig-
nificant difference in mean femoral neck Z-score between patients with
good and poor adherence.
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3.5. Treatment of osteoporosis and osteopenia

There were a total of 33 men above fifty years of age and 49 post-
menopausal women. According to the NOF clinician guideline, 11 of the
men and 23 of the women fulfilled the criteria for pharmacological
therapy. Of these, six (17.6%) reported that they were or had been
using bisphosphanate therapy for osteoporosis. 23 (67.6%) patients
reported that they had not. Five patients did not answer or did not
know. 22 of the patients (64.7%) used vitamin D supplements and 14
(41.2%) used calcium supplements. In addition to the above patients,
there were five premenopausal women who also fulfilled the criteria,
although the guideline does not apply to them. One of these five women
had been treated with bisphosphonates. There were no men under the
age of fifty years who fulfilled the criteria.

4. Discussion

In this study we have shown that adult, well treated CD patients in
general have normal to near-normal bone mineral density. Patients
with signs of poor adherence to GFD had lower bone density, which
emphasizes the importance of rigid diet adherence.

As reported in the review articles by Grace-Farfaglia [31] and Hjelle
et al. [11], prior studies show that low bone density is prevalent in the
newly diagnosed patient with CD. Furthermore, there is an increase in
bone density after treatment with a GFD, most pronounced in the first
year after diagnosis. Our patient sample consists only of patients with a
treatment duration of more than two years. We must therefore expect
that the largest increase in BMD had taken place before enrollment in
our study. This is indirectly supported by our data, as we do not find
any significant correlation between treatment duration and BMD. Al-
though we did not measure BMD at diagnosis, we hypothesize that
patients with CD cannot expect a significant increase in BMD following
the first two years of treatment with GFD. This may have consequences
for patient follow-up.

A recent meta-analysis by Ganji et al. [32] on the prevalence of
osteoporosis and osteopenia in CD reported a pooled prevalence of
osteoporosis at lumbar spine and hip at 16.3% and 13.3%, respectively.
The same study reported a pooled prevalence of osteopenia at lumbar
spine and hip at 41.9% and 46.9%, respectively. Our results show a
lower observed prevalence of osteoporosis at both hip and spine L2-4,
and lower observed prevalence of osteopenia at spine L2-4. It is
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important to note that only men and premenopausal women were in-
cluded in the review study by Ganji et al. As seen in our results, men
and premenopausal women showed an even lower observed prevalence
of osteoporosis and osteopenia compared to the postmenopausal
women (except for a non-significant difference in the prevalence of
femoral neck osteoporosis). The eight studies included in this meta-
study reported a wide variety of treatment duration, where some stu-
dies also included patients close after diagnosis. This has the potential
to overestimate the long term prevalence of osteoporosis, as we would
expect some patients to increase in bone density in the time after di-
agnosis. One of the strengths of our study is that we have examined
bone density in CD patients as late as, on average, nine years after di-
agnosis. By excluding patients with treatment duration less than two
years, we believe our results more accurately reflect the long-term BMD
in patients with CD.

There is great variation between studies regarding population
sample, duration of disease, methods and how authors choose to report
their results [33]. This makes it difficult to compare studies directly. The
prevalence of osteopenia and osteoporosis, measured by T-scores, are
affected by the population age, gender composition and menopausal
status. As a patient naturally loses bone mineralization throughout his or
her lifetime, T-scores will inevitably decrease. Although T-scores are the
basis for diagnosing osteoporosis on the individual level, they are less
suited for comparison between different study populations. Z-scores, on
the other hand correct for age and gender. In unselected study popula-
tions, Z-scores would enable more accurate comparisons between dif-
ferent studies and against normative data. Our data shows very pro-
mising results for CD patients. Apart from an increase in the prevalence
of low bone mass (Z-score < —1.0) at spine L2-4 in the postmenopausal
group (36.8%), the prevalence of low bone mass was not significantly
different from what is expected levels in the normal population. Meyer
et al. [34] have previously reported Z-scores at forearm for several po-
pulation-based cohorts in different parts of Norway. They found that the
prevalence of low bone mass varied between geographical regions, ran-
ging from 10.2-20.6%. Although direct comparison between forearm-,
femoral neck and spine measurements should be performed with some
caution, we note that the prevalence of low bone mass in our sample
population falls within the range previously reported in the Norwegian
normal population. Although osteoporosis is a justified concern in pa-
tients with newly diagnosed CD, our results indicate that bone density
can normalize in the vast majority of patients. However, we cannot say to
what degree these results translate into a fracture risk comparative to
that of the normal population. It is important to note that our study
population displays a high degree of mucosal healing [23]. Whether our
data on BMD can be extrapolated to other populations with lesser degree
of mucosal healing is uncertain.

More worrisome is the fact that only 17.6% of patients who should
have been considered for pharmacological therapy according to the
NOF guideline, had been using bisphosphonates. Two thirds of these
patients were using vitamin D supplements but less than half used
calcium supplements. In light of these findings, we are worried that
patients with the highest risk of fracture do not get the recommended
treatment. This may not necessarily be related to the care of patients
with CD specifically, but rather reflect the general treatment threshold
of low bone mass and osteoporosis in the Norwegian health care system.
Up until recently, the cost of bisphosphonate treatment has only been
reimbursed by our public health care system for postmenopausal
women with established osteoporosis (T-score < — 2.5 combined with a
low energy fracture). Our prior reimbursement policies for bispho-
sphonate treatment may have prevented some patients, including pa-
tients with CD, from receiving such treatment. This finding may also
reflect a general under-awareness of osteoporosis by gastroenterologists
and general physicians. We would suggest that all physicians practice a
more aggressive case-finding in the celiac population in order to iden-
tify those with the highest risk of fractures.
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4.1. Limitations of the study

Although our patients were found to have near normal bone mass
compared to normative data, the lack of serial measurements in our
study prevents us from drawing a firm conclusion on BMD changes
resulting from GFD. One could speculate that our patients did not have
the same degree of osteopenia and osteoporosis at diagnosis as reported
in other studies. However, we find this unlikely for two reasons: Firstly,
the prevalence of osteoporosis and osteopenia in newly diagnosed pa-
tients have been reported consistently higher compared to controls in
several studies, and there is no good reason to believe that our adult
study population had a normal bone mass at diagnosis. Secondly, the
incidence of hip fractures in Norway is one of the highest in the world
[35], and we find it unlikely that our sample of Norwegian patients
with CD would be better off than the normal population at the time of
diagnosis. Furthermore, a hypothetical other study, where all patients
had a DXA scan at the time of diagnosis could also have introduced a
bias, since one could imagine that such patients would be more focused
on bone health. Nevertheless, serial measurements would have
strengthened the validity of our results. Due to the cross-sectional and
retrospective study design, this was not possible.

The retrospective nature of our study design also made us unable to
control for the effects of vitamin D supplementation, bisphosfanate
exposure, weight gain etc. Although our results are promising, showing
that the majority of patients have a normal bone mass, the presumed
causal relationship between CD treatment and bone mass normalization
must be judged with caution.

The patients who underwent DXA measurements only accounted for
50% of the invited patients. One could therefore speculate whether our
sample is representative of the population in our region. However, data
from the second recruitment phase shows that the patients who initially
declined to participate were younger and diagnosed at an earlier age,
and there were no differences in treatment duration, adherence to GFD
and symptom score. Therefore, we find it reasonable to believe that the
bone density of patients who declined DXA are not worse than that of
our examined patients. As we have discussed in our previous publica-
tion in the same patient cohort [23], we believe that the patient sample
is representative for CD patients in our region.

The lack of a study control group limits the validity of our results.
However, the reference database patients serve as a control group
matched for age, gender, weight and ethnicity. Due to study metho-
dology, we were only able to compare our results with this database
and results from prior studies. There are geographical differences in
BMD across different populations, even within countries, and we cannot
rule out that the normal population in our region differs from that in the
American reference database. Nevertheless, the previously published
data on different Norwegian normal populations gives us a basis on
which to compare our data.

5. Conclusion

Except for a small increase in the prevalence of low bone mass at
spine L2-4 limited to the postmenopausal women, our patients, who
had been treated with a gluten-free diet for at least two years and an
average of 9.3 years, showed a normal bone mass when assessed by Z-
score. Poor adherence was associated with lower spine L2-4 bone mass
but not at the femoral neck. The duration of a GFD did not predict bone
mass, which indicates that any potential increase in bone mass after
diagnosis had taken place during the first two years. We hypothesize
that most patients diagnosed with CD as adults may regain or preserve a
normal bone mass compared with persons of the same age, gender,
weight and ethnicity. However, active case-finding of CD patients with
the highest fracture risks may be warranted in order to identify those in
need of pharmacological treatment.
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