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Abstract

1 =71.92%), respectively.

Background: Celiac disease (CD) is known as a reason of metabolic osteopathy. Progression of non-invasive
methods such as bone densitometry has shown that an important ratio of CD cases is faced with impaired bone
mass and such cases are prone to bone fractures. Variety of low bone mineral density in CD is probably because of
ignored confounding factors such as age, menopause, and drug. The aim of our study was to systematically review
the osteoporosis and osteopenia incidences among premenopausal females and males with CD.

Methods: This systematic review was done based on preferred reporting items for systematic reviews (PRISMA)
guidelines. PubMed and Scopus and Cochran databases were searched according to the relevant medical subject
headings (MeSH) of CD and bone mineral density until 2018. Prevalence of osteopenia and osteoporosis were used
as effect size for meta-analysis. Cochrane Q (p < 0.05) and I° index were presented to reveal the heterogeneity.

Results: 54 eligible full text reviews were included and nineteen selected for data extraction. Eleven articles didn't
have our inclusion criteria and had ignored confounding factors like age and menopause, and we excluded; data
extraction was done in eight studies. A total of 563 premenopausal women and men who were from, UK, Brazil,
India, Hungary, and Poland were included. The pooled prevalence of osteoporosis was 14.4% [95%Cl: 9-20.5%)]
(Cochrane Q=7.889, p=0.96, 12 = 49.29%), and osteopenia was 39.6% [31.1-48.8%)] (Cochrane Q =14.24, p=0.07,

Conclusion: Our findings suggest that bone loss is more prevalent in celiac disease and can be associated with
increased risk of fracture. However, but results are pooled prevalence and we need more case —control studies with
more sample size and consideration of confounding factors.
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Background

Celiac disease (CD) is an auto immune disorder which is
triggered by gluten in genetically susceptible cases. Des-
pite the serologic tests, duodenal villous atrophy in path-
ology is also required for diagnosis of CD [1]. The current
epidemiological studies show a remarkable increased inci-
dence of celiac in the world [1-3]. Diarrhea, anemia,
mal-absorption, and weight loss are the classic symptoms
of CD. Non-classical CD is characterized by rheumato-
logic, hepatic, neurological, and musculoskeletal problems
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[4, 5]. CD is known as a cause of bone loss, mineral
metabolism deterioration, and metabolic osteopathy [6, 7].
Interestingly, not only the low bone mineral density is re-
ported in patients with classic malabsorption symptoms,
but also it is shown in asymptomatic CD cases [8—10]. In
a few studies classic presentation correlated more with
sever bone loss (BMD) [11-13]. Studies has shown low
BMD doesn’t have any correlation with Calcium, 25(OH)
D3, and parathyroid hormone [12, 13]. Gluten free diet
(GFD) may increases the BMD in these cases [9, 14—
16]. Increase in cytokines in lamina properia and serum
might have an important role in pathophysiological as-
pect of bone loss in CD cases [17, 18] and other auto-
immune disorders also which are common in CD such
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as, thyroiditis and type I diabetes mellitus can predis-
posed them to the bone loss [19-21]. Low BMD make
patients at risk of bone fracture and disability and even
shorter height in CD [22].

High prevalence of low bone mineral density in CD
from 40 to 70% has been reported due to ignorance of
confounding factors such as age, endocrine disorder,
smoking, and menopause [8, 23, 24]. Osteoporotic frac-
tures accounts for 2.8 million disability-adjusted life
years annually so real prevalence of bone loss in CD is
important to predict and prevent from this possible
problem. There are two systematic reviews in 2008 and
2015 about fracture risk and bone recovery in CD [10,
25] but there is no systematic review about prevalence
of bone loss in CD. The present systematic review is
performed to show the prevalence of osteoporosis and
osteopenia in men and premenopausal CD.

Methods

Search strategy

Preferred reporting items for systematic reviews and
(PRISMA) guidelines were considered to do this systematic
review. PubMed and Scopus and Cochran were compre-
hensively searched to find the relevant published articles re-
garding prevalence of osteopenia before GFD in CD cases
until Jan 2018. Search strategy was based on medical sub-
ject headings (MeSH) as follow: (celiac OR coeliac OR “glu-
ten sensitive enteropathy” OR sprue) AND (bone mineral
density OR densitometry OR metabolic bone disorder OR
osteoporosis OR osteopenia) AND adult. All English,
French and Spanish, Persian language and all date included
in our search strategy. The inclusion criteria involved: Sero-
logic and pathologic confirmation of CD, adult cases, BMD,
cohort, cross-sectional, and case —control studies. Exclusion
criteria also involved: postmenopausal women, BMD results
with absolute values (g/cmz) or Z scores, and confound-
ing factors on BMD such as steroid use and endocrine
disorder. BMD is measured by dual-energy X-ray ab-
sorptiometry (DXA) which is reported as the standard
diagnostic method of osteoporosis. By The World
Health Organization (WHO) criteria, bone mass with T
scores above — 1.0 is defined as normal, those between
- 1.0 and - 2.4 as osteopenia or low bone mass, and
those equal or below — 2.5 were considered as osteopor-
osis based on mostly lumbar spine and femoral neck.

Data extraction and quality assessment

Data were extracted independently by two authors (A.G
and R.G) from included articles according to the prede-
fined parameters such as authors, publication year, num-
ber of cases, age, gender, and BMD. All of the extracted
data were transferred into evidence tables. The quality
checklist of STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology Statement) for
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conferences, abstracts, case control studies, cohort stud-
ies, and cross-sectional studies was used to evaluate the
methodological quality of the eligible included studies.
The applied checklist was consisted of different parts
that estimate the validity and applicability of method
and results of included studies.

Statistical analysis

Studies with accurate quantitative data were selected for
the meta-analysis using comprehensive meta-analysis
(version.2). Prevalence of osteopenia and osteoporosis
were used as effect size for meta-analysis. Random effects
model was used for pooling data across the included stud-
ies. Cochrane Q (p < 0.05) and I index were presented to
reveal the heterogeneity across the analyzed studies.

Results

Literature search

Totally, 396 articles were retrieved in the initial search from
PubMed and Scopus. Following removing articles with du-
plicate citations, 342 articles were screened based on their
title and abstract. Fifty-four articles were identified as the
most relevant articles with the purpose of this systematic
review for the full text assessment. Screening the references
of the included studies and the related articles in Google
scholar resulted in two more relevant studies which were
included. Finally, 19 articles were eligible to be included in
data extraction. Although, there was not any language
restriction on our search strategy, the included articles were
in English language. Eleven studies were excluded which
did not have an accurate data. BMD studies with T score
and separated postmenopausal women, were also included.
The summary of the inclusion process of the articles is
shown, according to the PRISMA flowchart (Fig. 1).

Quality assessment and articles characteristics

Quality assessment of the included articles showed that all
of the studies were cross sectional and just one of them had
a control group, which reduced the quality value of most
studies. Only 19 studies revealed data regarding the BMD in
celiac before GFD. Eleven out of 19 reports were excluded
because of the presence of menopausal women. Finally, 8 ar-
ticles were acceptable and had quality for assessment. In
two out of eight included studies, premenopausal and post-
menopausal cases were separated and only premenopausal
women or women who aged less than 55 were considered.
We performed the meta-analysis in three of the included
studies mentioned about femoral and lumbar densitometry
separately in which two of them reported osteopenia and
osteoporosis in men and women separately. Characteristics
of the included studies and their results are summarized in
Table 1. A total of 563 premenopausal women and men
who were from UK, Brazil, India, Hungary, and Poland were
included in this systematic review. The study of Duglas M et
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Fig. 1 PRISMA flowchart of the study inclusion process

al. had the largest sample size (23 males and 105 female)
[26]. We used only a part of data in Nina et al. study in pre-

menopausal women; therefore, it had the lowest sample size

(24 patients) among the eight included studies [27]. BMD in
all of the studies were measured by DXA and proposed it as
a diagnostic test for the low bone mass. Patients with BMD

Table 1 Characteristics of the included studies and their results

Bone mineral density
DXA at the femoral neck and lumbar spine are consid-
ered the gold standard to confirm the osteoporosis [28].

<—1 were considered as osteopenia and BMD < - 2.5 as
osteoporosis in all of the articles.

Author, year, country Population study Gender (F/M) Study design Sample size NBMD osteopenia OSteoporosis

Nina, 2005, UK < 55y/0 67%F (& 24 out of  Femoral: 67% Femoral: 29% Femoral: 4%
43 lumbar: 83% lumbar:17% lumbar: 0%

Kocsis, 2013, F<50y/0 73%F 32%M  CS 113 Total:46% Total:36% Total:18%

Hungary Men

Singh, 2016, US F<50vy/0 56% F cs 43 Total:34.9% Total:48.8% Total:16.3%

Sudheer, 2012, <50y/o 55%F 45%M  CS 54 Total: 39% Total:43% Total:18%

India

Pritchard, 2015, UK <55 y/o 669%F 33%M  CS 89 Total:56% Total:28% Total:5%

Meyer, 2001,US Pre/Men** 53%F 47% M CS 49 out of Men:20% Pre:50% Men: 80% Pre: 42% Men: 45% Pre: %8
128

Szymczak, 2012, Pre /Men 83%F 17%M  CC 35 Femoral 17% Femoral:62/8% Femoral 20%

Poland Lumbar; 14% Lumbar: 57/2 lumbar: 28/6

Silva, 2015, Brazil <50vy/o No (&) 77 Femoral:40% Femoral:46.7% Femoral:13%

information Lumbar:38.9% Lumbar:48% Lumbar:13%

Pre: premenopausal, NBMD: Normal bone mineral density
*Mean age in men was 37(18-78 yr)

**Age in men: (59 + 15)
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Moreover, DXA is one of parameters of FRAX (fracture risk
assessment tool) which is a diagnostic tool for the evalu-
ation of the 10-years probability of bone fracture risk.
Pooled prevalence of osteoporosis in the hip and lumbar re-
gions were 13.3% [95%CIL: 6-26.9%] (Cochrane Q =2.757,
p=0252, I* =27.45%), and 16.3% [7.4-32.1%)] (Cochrane
Q=662 p=0036, I* =69.82%), respectively (Fig. 2).
Pooled prevalence of osteopenia in the hip and lumbar
spine regions were 46.9% [29.4-65.1%] (Cochrane Q =
6.281, p=0.043, > =68.16%), and 41.9% [25.2-60.8%]
(Cochrane Q =8.839, p=0.012, I* =77.37%), respectively
(Fig. 3). Generally, pooled prevalence of osteopenia in lum-
bar and femoral was 39.6% [95%CI: 31.1-48.8%] (Q = 14.24,
P=0.007, I* =71.92), pooled prevalence of osteoporosis
was 14.24% [95%CI: 9.8—-20.5%] with (Cochrane Q =7.88,
p =0.096, I* = 49.29%) (Fig. 4).

Discussion

Aim of present study was evaluation of low BMD preva-
lence in men and premenopausal women. Low BMD is
correlated with high risk of bone fracture and results in
lots of disabilities in patients. Study population in major-
ity of publications with bone densitometry in CD
included all ages and even menopausal women and in
one of these case control studies 43% of cases were post-
menopausal women, they didn’t separate densitometry
results base on menopausal status and they didn’t men-
tion about other confounding factors too [29]. On the
other hand, we identified a few case control studies in
prevalence of bone loss in CD and most of publications
were cross sectional studies. In a few studies, it was
shown that there was a significant difference between
celiac patients and general population or control group
in osteopenia and osteoporosis [11, 29]. However, Nina
et al. evaluated the BMD in 43 CD patients (18—80 years
old) with excluding confounding factors and they sepa-
rated cases who were younger than 55years old (24
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patients) [27]. Moreover, they reported osteopenia and
osteoporosis in lumbar in comparison with femoral
neck. Osteoporosis in all age was 14% in spine and 7%
in femur and in age less than 55 years old,femoral osteo-
penia in 29% and lumbar was 17% and osteoporosis in
femoral was 4% with no osteoporosis in lumbar [27]. In
some other reports, there wasn’t any significant differ-
ence between osteopenia and osteoporosis in femoral
and spine in CD [30]. Kocsis et all evaluated BMD in
124 CD cases with excluding females who were more
than 50years old but without consideration of other
confounding factors. They didn’t separate femoral from
lumbar BMD, 46% of CD cases had normal BMD, 36%
osteopenia, and 18% osteoporosis. Subgroup analysis
showed osteoporosis in 23% and osteopenia in 36.6% of
men [31]. Prashant et al. also screened the BMD in 43
patients less than 50years old, and showed the low
BMD in 65% of cases. They excluded patients with most
of confounding factors include, history of vertebral frac-
ture, chronic steroid exposure, and postmenopausal sta-
tus. DPrevalence of osteopenia was 485% and
osteoporosis was 16.3% without separating the lumbar
from femoral BMD [32]. An Indian report showed low
BMD measurement in earlier age of CD. In this study,
all CD patients were also less than 50 years old, 39% of
patients had normal BMD, and 61% of newly diagnosed
CD cases had low BMD and lumbar and femoral BMD
were not separated, but they did not mention to the
confounding risk factors for low BMD [33]. Pritcha et al.
also showed that 56% of CD patients had normal BMD,
28% osteopenia, and 5% osteoporosis. They did not sep-
arate the femoral and lumbar BMD [34]. In Mayer et all
study, osteoporosis and osteopenia were present in 32 to
44% of patients at the time of CD diagnosis. However,
75% of female patients were post menopause and mean
age was more than 55 years old in this study. Therefore,
we included 49 out of 128 patients who were men (59 +

Group by Study name group within study Statistics for each study Event rate and 95%Q
Subgroup within study

Event Lower Upper

rate limit Timit
Hip Nina R 2005 Hip 0.042 0.006 0.244 h—
Hip Jadwiga Szymczak2012  Hip 0.200 0.098 0.364 .—
Hip Joyce SILVA 2015 Hip 0130 0071 0225 .
Hip 0133 0060  0.269 ’
Lumbar Nina R 2005 Lumbar 0.020 0.001 0.251 -—
Lumbar Jadwiga Szymczak2012  Lumbar 0.286 0.161 0.454 -.—
Lumbar Joyce SILVA 2015 Lumbar 0130 0071 0225 .
Lumbar 0163 0074 0321 ’
-1.00 0.50 0.00 050 1.00

Fig. 2 Confidence interval, osteoporosis in hip and lumbar separately
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P
Group by Study name group within study Statistics for each study Event rate and 95%Q
Subgroup within study
Event Lower Upper
rate limit Timit
Hip Nina R 2005 Hip 0292 0146 0498
Hip Jadwiga Szymczak2012  Hip 0.629 0.460 0.771
Hip Joyce SILVA 2015 Hip 0468 0359 0579
Hip 0469 0294 0651
Lumbar Nina R 2005 Lumbar 0167 0064 0369 L
Lumbar Jadwiga Szymczak2012  Lumbar 0.571 0.406 0.723
Lumbar Joyce SILVA 2015 Lumbar 0481 0372 0591
Lumbar 0419 0252 0608
-1.00 050 0.00 0.50 1.00
Fig. 3 Confidence interval, osteopenia in hip and lumbar separately

15 years old) and premenopausal women [26]. A polish
group also evaluated the BMD in premenopausal women
and men. They excluded all disease and medications which
were known to affect the BMD. They had a case control
study by separating densitometry of femoral from lumbar
and showed significant difference in lumbar and femoral
densitometry. In femoral neck, 62.8% osteopenia and 20%
osteoporosis, and in lumbar spine, 57.2% osteopenia, and
28.6% osteoporosis was reported. Twenty percentages of
their patients had normal BMD and there was not any
comparison between male and female and BMD had nega-
tive correlation with age [35]. In Silva et al. study, whom
they separated densitometry of lumar from femoral and age
less than 50 vyears old, 40% had normal BMD in femoral
and 38.9% in lumbar. Forty-six percentages of cases had
femoral osteopenia and 13% had femoral osteoporosis. But
in this study bone loss was more common in females in
comparison with the males which was opposite of polish

study. Osteopenia was observed in 41.5% of males and 75%
of females even younger than 30 years old, however osteo-
porosis in males was more than females in this younger age
goup (8.5% vs. 4.2%) but in age. 30—50 years old osteopenia
and osteoporosis was more common in female and in age
more than 50,0steopenia was more common among males
(66% vs. 33%), and osteoporosis was more common among
females (20.6% vs. 16.6%) [36] (Table 1). Nawadays, preva-
lence of osteopenia and osteoporosis is more common in
CD than unaffected population in the same age range [37].
In the previous studies, postmenopausal status and age has
been shown as the main determinant factors of low BMD.
Present systematic review, for the first time, focused on
prevalence of bone loss in men and premenopausal women
to exclude some confounding factors, and showed how
prevalent is bone loss. This study strongly suggested that,
CD should be considered as one of the leading cause of
bone loss even in premenopausal women and men.

Group by Study name 1p within study Statistics for each study Event rate and 95%Q
Subgroup within study

Event Lower Upper

rate Timit limit
osteopenia Dorottya Kocsis 2013 osteopenia 0.363 0.280 0.455 l
osteopenia Prashant Singh 2016 osteopenia 0.488 0.344 0.634
osteopenia Sudheer D 2012 osteopenia 0.426 0.302 0.560
osteopenia L Pritchard 2015 osteopenia 0.247 0.169 0.347 .'
osteopenia Douglas Meyer 2011 osteopenia 0.484 0.399 0.571
osteopenia 0.396 0311 0.488 ‘
osteoporosis Dorottya Kocsis 2013 osteoporosis 0.177 0.117 0.259 .
osteoporosis Prashant Singh 2016 osteoporosis 0.163 0.080 0.304 .—
osteoporosis Sudheer D 2012 osteoporosis 0.185 0.103 0.311 .—
osteoporosis L Pritchard 2015 osteoporosis 0.045 0.017 0.114 .-
osteoporosis Douglas Meyer 2011 osteoporosis 0.148 0.097 0.221 -
osteoporosis 0.144 0.098 0.205 ‘
-1.00 0.50 0.00 0.50 1.00

Fig. 4 Confidence interval, overall osteopenia and osteoporosis in hip and lumbar
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Conclusion

There are insufficient data about osteopenia and osteopor-
osis in premenopausal women and men in comparison
with control group. However, prevalence of osteopenia
and osteoporosis are wide in different studies. It can be
suggested to do more study with considering the
confounding factors and sex and having control group for
better risk assessment to find out best time of screening
based on age and sex.

Abbreviations

BMD: Bone mineral density; CD: Celiac disease; DXA: Dual-energy X-ray ab-
sorptiometry; GFD: Gluten free diet; MeSH: Medical subject headings;
PRISMA: Preferred reporting items for systematic reviews;

STROBE: Strengthening the Reporting of Observational Studies in
Epidemiology Statement; WHO: World Health Organization

Acknowledgements
This project was approved by the research council of Mashhad University of
Medical Sciences (#951389).

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

RG, MM, and GB were involved in searches and statistical analyses. RS and
AG were involved in drafting, edition, and revision. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Orthopedic surgery, North Khorasan University of Medical
Sciences, Bojnurd, Iran. “Department of Modern Sciences and Technologies,
Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran.
*Nuclear Medicine Research Center, Mashhad University of Medical Sciences,
Mashhad, Iran. “Medical Student, Student Research Committee, Faculty of
Medicine, Mashhad University of Medical Sciences, Mashhad, Iran.
®Department of Gastroenterology and Hepatology, Faculty of Medicine,
Mashhad University of Medical Sciences, Mashhad, Iran.

Received: 2 July 2018 Accepted: 30 January 2019
Published online: 07 February 2019

References

1. Gujral N, Freeman HJ, Thomson AB. Celiac disease: prevalence, diagnosis,
pathogenesis and treatment. World J Gastroenterol. 2012;18(42):6036-59.

2. Cummins AG, Roberts-Thomson IC. Prevalence of celiac disease in the Asia-
Pacific region. J Gastroenterol Hepatol. 2009,24(8):1347-51.

3. Rubio-Tapia A, et al. The prevalence of celiac disease in the United States.
Am J Gastroenterol. 2012;107(10):1538-44 quiz 1537, 1545.

4. Ganji A, et al. The clinical presentation of celiac disease: experiences from
northeastern Iran. Middle East J Dig Dis. 2014;6(2):93-7.

19.
20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

Page 6 of 7

Hernandez L, Green PH. Extraintestinal manifestations of celiac disease. Curr
Gastroenterol Rep. 2006;8(5):383-9.

National Institutes of Health Consensus Development Conference
Statement on Celiac Disease, June 28-30, 2004. Gastroenterology. 2005;
128(4 Suppl 1):S1-9.

Corazza GR, et al. Bones in coeliac disease: diagnosis and treatment. Best
Pract Res Clin Gastroenterol. 2005;19(3):453-65.

Kalayci AG, et al. Bone mineral density and importance of a gluten-
free diet in patients with celiac disease in childhood. Pediatrics. 2001;
108(5):E89.

Mustalahti K, et al. Osteopenia in patients with clinically silent coeliac
disease warrants screening. Lancet. 1999;354(9180):744-5.

Olmos M, et al. Systematic review and meta-analysis of observational
studies on the prevalence of fractures in coeliac disease. Dig Liver Dis. 2008;
40(1):46-53.

Corazza GR, et al. Influence of pattern of clinical presentation and of gluten-free diet
on bone mass and metabolism in adult coeliac disease. Bone. 1996;18(6):525-30.
Corazza GR, et al. Bone mass and metabolism in patients with celiac
disease. Gastroenterology. 1995;109(1):122-8.

Mazure R, et al. Bone mineral affection in asymptomatic adult patients with
celiac disease. Am J Gastroenterol. 1994,89(12):2130-4.

McFarlane XA, Bhalla AK, Robertson DA. Effect of a gluten free diet on osteopenia
in adults with newly diagnosed coeliac disease. Gut. 1996;39(2):180-4.

Pazianas M, et al. Calcium absorption and bone mineral density in celiacs
after long term treatment with gluten-free diet and adequate calcium
intake. Osteoporos Int. 2005;16(1):56-63.

Valdimarsson T, et al. Reversal of osteopenia with diet in adult coeliac
disease. Gut. 1996;38(3):322-7.

Fornari MC, et al. Pre- and post-treatment serum levels of cytokines IL-
Tbeta, IL-6, and IL-1 receptor antagonist in celiac disease. Are they related
to the associated osteopenia? Am J Gastroenterol. 1998,93(3):413-8.
Kontakou M, et al. Expression of tumour necrosis factor-alpha, interleukin-6,
and interleukin-2 mRNA in the jejunum of patients with coeliac disease.
Scand J Gastroenterol. 1995;30(5):456-63.

Di Sabatino A, Corazza GR. Coeliac disease. Lancet. 2009;373(9673):1480-93.
Hofbauer LG, et al. Osteoporosis in patients with diabetes mellitus. J Bone
Miner Res. 2007;22(9):1317-28.

Mosekilde L, Eriksen EF, Charles P. Effects of thyroid hormones on bone and
mineral metabolism. Endocrinol Metab Clin N Am. 1990;19(1):35-63.
Esmaeilzadeh A, et al. Adult celiac disease: patients are shorter
compared with their peers in the general population. Middle East J Dig
Dis. 2016;8(4):303-9.

Tau G, et al. Bone mineral density in children with celiac disease. Effect of a
gluten-free diet. Eur J Clin Nutr. 2006;60(3):358-63.

Vasquez H, et al. Risk of fractures in celiac disease patients: a cross-sectional,
case-control study. Am J Gastroenterol. 2000,95(1):183-9.

Grace-Farfaglia P. Bones of contention: bone mineral density recovery in
celiac disease-—-a systematic review. Nutrients. 2015;7(5):3347-69.

Meyer D, et al. Osteoporosis in a north american adult population with
celiac disease. Am J Gastroenterol. 2001;96(1):112-9.

Lewis NR, Scott BB. Should patients with coeliac disease have their bone
mineral density measured? Eur J Gastroenterol Hepatol. 2005;17(10):1065-70.
National Osteoporosis Foundation. Clinician’s guide to prevention and
treatment of osteoporosis. . 2003. Washington, DC: National Osteoporosis
Foundation.

Kemppainen T, et al. Osteoporosis in adult patients with celiac disease.
Bone. 1999,24(3):249-55.

Ganji A, Esmaeilzadeh A, Hatef M. Prevalence of Osteopenia and
Osteoporosis in Patients with Celiac Disease in Northeastern Iran.
Govaresh. 2012;16(4):223-7.

Kocsis D, et al. Coeliac disease in a 15-year period of observation (1997 and
2011) in a Hungarian referral Centre. Eur J Intern Med. 2013;24(5):461-7.
Singh P, Garber JJ. Implementation and adherence to osteoporosis
screening guidelines among coeliac disease patients. Dig Liver Dis. 2016;
48(12):1451-6.

Chakravarthi SD, et al. Prevalence and predictors of abnormal bone mineral
metabolism in recently diagnosed adult celiac patients. Indian J Gastroenterol.
2012,31(4):165-70.

Pritchard L, Lewis SJ, Griffin J, Pearce G, Wilson S. PTU-155 Investigation of
the relationship between age, gender, body mass index (BMI) and bone
mineral density (BMD) as assessed by dual-energy x-ray absorptiometry



Ganiji et al. Nutrition Journal

35.
36.

37.

(2019) 18:9

(DXA) of the spine and left femur in newly diagnosed patients with coeliac
disease (CD). Gut. 2015;64:A131.

Szymczak J, et al. Low bone mineral density in adult patients with coeliac
disease. Endokrynol Pol. 2012,63(4):270-6.

Silva JT, et al. Low bone mineral density in Brazilian patients at diagnosis of
celiac disease. Arq Gastroenterol. 2015;52(3):176-9.

Younes M, et al. Prevalence of bone loss in adult celiac disease and associated
factors: a control case study. Tunis Med. 2012;90(2):129-35.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Search strategy
	Data extraction and quality assessment
	Statistical analysis

	Results
	Literature search
	Quality assessment and articles characteristics
	Bone mineral density

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

