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Abstract
Celiac disease (CD), a gluten-induced autoimmune disease, is associated with low bone mineral density (BMD) among 
children. Unfortunately, it is often diagnosed in adulthood, which may lead to an increased risk of fragile bones. The aim of 
this systematic review was to report on BMD status among young adults newly diagnosed with CD, and to examine the effect 
of a gluten-free diet (GFD), nutritional supplements, such as vitamin D, or antiresorptive medications on BMD recovery. 
Databases searched were Medline, Embase, and Cochrane Library up to July 2nd, 2020. Both observational studies and clini-
cal trials were considered, if patients were newly diagnosed and between 20 and 35 years of age and reported on BMD. We 
critically appraised the identified studies using ROBINS-I and summarized the findings narratively. Out of 3991 references, 
we identified 3 eligible studies: one cross-sectional study and two longitudinal studies. In total, 188 patients were included, 
and the study population consisted primarily of women with an age range between 29 and 37 years old. Compared to healthy 
controls, our target population had lower BMD. Moreover, a strict GFD may increase BMD during a follow-up period of up 
to 5 years. Newly diagnosed CD patients aged 20–35 years are at risk of lower BMD. Therefore, it may be crucial to assess 
BMD at time of diagnosis in young women. Whether the results can be extrapolated to young men is unknown. While strict 
GFD may improve BMD over time, there is a lack of robust evidence to demonstrate that nutritional supplements or antire-
sorptive agents are beneficial in the prevention of fragile bones in this age group.
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Introduction

Celiac disease (CD) is a chronic, immune-mediated dis-
order characterized by malabsorption of nutrients after 
ingestion of the protein gluten, found in wheat, rye and 
barley, in genetically susceptible individuals. CD is char-
acterized by expression of the human leukocyte antigen 
(HLA) class II molecules DQ2 or DQ8 involved in activat-
ing the T lymphocytes and initiating the autoimmune pro-
cess [1]. The inflammatory process mediated by the T-cells 
leads to villus atrophy of the small intestinal mucosa [2], 
causing malabsorption [3].

CD can occur at any age, with heterogeneous symptoms 
or conditions and/or poor disease awareness, and since 
routine screening of CD is not offered to the general pub-
lic, many remain undiagnosed [4].

Several extraintestinal manifestations, including ane-
mia, neurologic symptoms, menstrual abnormalities, infer-
tility, recurrent spontaneous abortions, growth retarda-
tion, dermatitis herpetiformis, aphthous stomatitis, dental 
defects, have been associated with CD [5].

Bone health can also be negatively affected in CD 
owing in part to the inflammatory process and in part to 
malabsorption of calcium and vitamin D. Osteopenia and 
osteoporosis and bone fractures are the most common 
skeletal complications associated with CD [6]. The risk 
of bone fractures is increased in CD regardless of the pres-
ence of symptoms [7]. It was shown that at baseline, CD 
was associated with a 30% increase [95% confidence inter-
val (CI) 1.14, 1.50] in the risk of any fracture and a 69% 
increase in the risk of hip fracture (95% CI 1.10, 2.59) [8].

Progression of non-invasive methods such as bone den-
sitometry has shown that a large proportion of patients 
with CD have impaired bone mass and therefore are prone 
to bone fractures [9].

A systematic review and meta-analysis focused on CD 
and bone health in children and adolescents showed that 
they have suboptimal bone health and shorter stature at 
diagnosis [10]. This could indicate that the prevalence of 
reduced BMD may also be high in young adult patients 
with CD. Suboptimal bone accumulation at the time of 
reaching peak bone mass (age 20–30) may influence risk 
of later osteoporosis [11]. Therefore, early identification 
of reduced BMD may improve motivation to comply with 
gluten-free diet and promote calcium and vitamin D sup-
plementation to potentially reduce risk of fractures later 
in life.

The objective of this systematic review was to syn-
thesize any existing literature on (1) the prevalence of 
osteoporosis and osteopenia in young adult patients 
(20–35 years old) with newly diagnosed CD, (2) the effect 
of a gluten-free dietary intervention, started at the time 

of diagnosis on BMD in newly diagnosed CD patients in 
the 20–35 age group, (3) the effect on gluten-free die-
tary intervention in combination with nutritional supple-
ments, including probiotics on BMD in newly diagnosed 
CD patients in the 20–35 age group, and (4) the effect of 
anti-osteoporosis drugs on BMD in newly diagnosed CD 
in the 20–35 age group.

Methods

This systematic review was conducted according to the 
established methods recommended by the cochrane col-
laboration and reported in accordance with the guide-
lines of preferred reporting items for systematic review 
and meta-analysis (PRISMA) [12]. The study protocol 
was pre-specified and registered in PROSPERO (ID: 
CRD42020191435), submitted in July 2020. The registra-
tion record was automatically published exactly as submit-
ted. Thus, the PROSPERO team did not check eligibility, 
due to an exclusive focus on COVID-19 registrations dur-
ing the 2020 pandemic.

Eligibility Criteria

We applied the population, intervention, comparison, and 
outcome (PICO) characterization [13] to operationalize 
the research question, and to determine the eligibility cri-
teria. We were interested in assessing risk of osteoporosis 
and osteopenia in patients aged 20–35 years, and were 
newly diagnosed with CD. Studies not applying an age 
limit at all, were included insofar as the mean age of the 
participants was within our age range. The primary out-
come was BMD [measured via dual-energy X-ray absorp-
tiometry (DXA)] either reported dichotomized, as the 
number of patients who have lower BMD, compared to 
healthy controls, or as mean/median values with confi-
dence intervals, and modification in BMD after the inter-
ventions (such as gluten-free diet, nutritional supplements 
and antiresorptives).

The definitions of population, intervention, comparators, 
outcomes, and study design are specified in Table 1.

The research question can be addressed through inclusion 
of case–control studies, cohort studies, and randomized con-
trolled trials. However, to evaluate effectiveness of interven-
tions, i.e., research question 4, randomized controlled trials 
are more applicable. Therefore, chart reviews, case series, 
case reports, commentaries (e.g., expert opinion, consensus 
statements), conference abstract reporting on studies that 
have provided a full report elsewhere, and animal studies 
were excluded.
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Search Strategy

The search was conducted July 2nd 2020 by MNH. The 
databases we searched was Medline and Embase via Ovid, 
and Cochrane Library via Medline and Embase. Literature 
search strategies were developed using medical subject 
headings (MeSH) and free text. No study design, date, or 
language limits were imposed on the search. The full elec-
tronic search strategy for all databases are presented in detail 
in Supplementary Material. Reference lists of included 
publications and literature reviews was screened to identify 
additional data sources. Furthermore, we contacted experts 
in the field to identify additional studies (cciacci@unisa.it 
and bzanchetta@idim.com.ar).

Study Selection

The studies generated from the defined search strategy 
were imported to Endnote, where duplicates were removed. 
Then the remaining literature search results were uploaded 
to COVIDENCE Software, an Internet based software pro-
gram that facilitates collaboration among reviewers during 
the study selection process. In Covidence, additional dupli-
cates were identified.

References were independently screened by title and 
abstract against the inclusion criteria by two review authors 
(CM, FT). We obtained full reports for all titles that appear 
to meet the inclusion criteria or where there was any uncer-
tainty. The full text-reports evaluation to determine eligibil-
ity, were independently screened by the same two review 
authors (CM, FT). We resolved disagreement through dis-
cussion, or if needed by involving a third review author 
(MNH). Publications without a full-text available were 
excluded. Moreover, due to language limitation we only 
included studies in English. We recorded the reasons for 
excluding trials at full-text level (reason for exclusion can 

be found in supplementary material). Neither of the review 
authors were blinded to the journal titles or to the study 
authors or institutions.

Data Extraction

CM and FT extracted data independently and resolved disa-
greements through discussion, with the help of MNH in case 
of unresolved disagreements. We extracted the generic and 
the trade name of the experimental intervention, the study 
design, the type of control used, frequency and duration of 
treatment, number of participants included, patient charac-
teristics (average age, gender, duration of follow-up), fund-
ing and conflict of interest of every included full-text study.

Quality Assessment

In order to evaluate the risk of bias of non-randomized stud-
ies, two authors (CM and MNH) used ROBINS-I [14]. The 
tool views each study as an attempt to emulate (mimic) a 
hypothetical pragmatic target randomized trial and cov-
ers seven distinct domains through which bias might be 
introduced. The first two domains, covering confounding 
and selection of participants into the study, address issues 
before the start of the interventions that are to be compared 
(“baseline”). The third domain addresses classification of the 
interventions themselves. The other four domains address 
issues after the start of interventions: biases due to devia-
tions from intended interventions, missing data, measure-
ment of outcomes, and selection of the reported result. Our 
prespecified confounders were endocrine diseases (Cushing, 
Addison, hyperparathyroidism and Diabetes), chronic use of 
corticosteroids, malabsorption caused by other inflamma-
tory bowel diseases, chronic use of alcohol and smoking. 
Our prespecified co-intervention was: physical activity. Dis-
crepancies were identified and resolved through discussion 

Table 1  Population, Intervention, Comparison, and Outcome (PICO) criteria for inclusion and exclusion of studies

BMD bone mineral density, CD coeliac disease, DXA dual-energy X-ray absorptiometry, RCT  randomized controlled trials

Research 
question

Population Intervention Comparator Outcome Study design

1 Individuals aged 
20–35 years newly 
diagnosed with CD

DXA Healthy controls BMD T-score at diag-
noses

Case–control studies, 
cohort studies

2 Diet with elimination of 
gluten

Pre-intervention values 
for the cohort

Change in BMD T-score Case–control studies, 
cohort studies

3 Dietary supplements in 
addition to adherence 
to a strict gluten-free 
diet

A strict gluten-free diet 
without supplements/
probiotics

Change in BMD T-score Case–control studies, 
cohort studies and 
RCTs

4 Osteoporosis drugs (anti-
resorptives includ-
ing denosumab and 
bisphosphonates)

Placebo Change in BMD T-score RCTs
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and if consensus was not reached, a third reviewer (FT) was 
involved and provided input.

Meta‑analysis

Although a meta-analysis was planned in the protocol, this 
was deemed inapplicable, due to the scarcity of the evidence.

Results

Literature Search

After deduplication in Endnote, we identified 3991 refer-
ences generated from the defined search strategy, and these 
were imported to COVIDENCE, where further 213 dupli-
cates were removed. Then 3778 references were screened 
based on their title and abstract. Here 3622 studies were 
found irrelevant and 156 were deemed relevant for the full-
text assessment. Of these only three studies [15–17] were 
eligible to be included in data extraction for the reasons sum-
marized in the PRISMA flowchart (supplementary material).

Description of Primary Studies

We identified three relevant studies from New Zealand, Italy, 
and Argentina, respectively [15–17]. One was a cross-sec-
tional study [17] and the other two were longitudinal [15, 
16]. In total, 188 patients were included, and the sample 
size ranged from 10 to 110. All studies enrolled women, 
only (Tables 2, 3). 

Newly Diagnosed Celiac Disease and Bone Status

All three studies showed an association between untreated 
CD and reduced BMD [15–17] (Table 4). Zanchetta et al. 
found that premenopausal women (n = 31) with newly diag-
nosed CD at median age 29 years had significantly lower 
BMD z-scores at lumbar spine, femoral neck, and distal 
radius compared with healthy women (n = 22) of similar age 
(median age 30 years) [16]. Similarly, Lunt et al. found that 
Z score (SD units below age-appropriate mean) at the lum-
bar spine was − 0.98 for subjects with CD (n = 10), compared 
with − 0.12 for subjects with only diabetes (n = 89) [17].

Gluten‑Free Diet and Long‑term Bone Health

Zanchetta et al. assessed the influence of a gluten-free 
diet (GFD) among newly diagnosed CD patients, showing 
that BMD T-score increased significantly at all regions 
evaluated (lumbar spine: 2.8%, femoral neck: 2.5%, total 
hip: 3.7%, and distal radius: 3.7%), compared with the 
same population before the intervention [16]. Passan-
anti et al. randomly allocated 110 newly diagnosed CD 
patients into two groups of 55, one group where they 
measured BMD at diagnosis and again after 2 years on 
a GFD, while in the other group, the BMD was meas-
ured at diagnosis and again after 5 years on a GFD [15]. 
About 52% of the patients had a pathological BMD 
at diagnosis. At 2 years follow-up BMD at femur was 
higher than that at diagnosis (p = 0.04 for the femoral 
neck and p = 0.037 for Ward’s triangle), an increase for 
the spine was observed, even though not statistically sig-
nificant (p > 0.05). While the 5-year follow-up showed an 
increase of BMD in femur and spine, both higher than 
at diagnosis (p = 0.04) [15]. The improvement in bone 
density following a GFD was significant already after 
only 2 years, and even greater after 5 years, at both the 
femur and the spine [15] (Table 5).

Results from ROBINS‑I Tool Assessment

In supplementary material the risk of bias assessment of 
the observational studies are presented, and the results 
showed that all three studies were rated as critical risk 
of bias in domain 1 (confounding), since none of the 
studies adjusted for confounders [15–17]. One study was 
rated with serious risk of bias in domain 2 (selection 
of participants) [17], because selection into the study 
was related (but not very strongly) to intervention and 
outcome. Two studies did not report clearly on domain 
4 (departures from intended intervention) [15, 17], or 
domain 5 (missing data) [17]. The studies did not indi-
cate bias in the selection of reported results, according 
to the review process. Still, since none of the studies 
had reported a pre-specified protocol, we rated the risk 
of bias to be moderate within this domain. The overall 
judgment of the risk of bias in all studies was rated as a 
critical risk of bias.

Table 2  Study identification of 
the included studies

Study’s first author, year Country Trial registration Study design Conflict of 
interest/spon-
sorship

Lunt (2001) [17] New Zealand Not reported Cross-sectional Not reported
Passananti (2011) [15] Italy Not reported Longitudinal No conflicts
Zanchetta (2015) [16] Argentina Not reported Longitudinal No conflicts
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Discussion

Summary of the Evidence of BMD Status

Low BMD and high prevalence of osteoporosis appears 
typical of newly diagnosed CD among patients between 
20 and 35 years, and suboptimal bone accumulation at 
the time of reaching peak bone mass (age 20–30) may 
influence risk of later osteoporosis [15, 17]. However, 
in our systematic review, we only identified two studies 
of the study population of interest [15, 17]. Even though 
the population consists of women only, a similar pattern 
was seen when also scrutinizing reports from conference 
abstracts [18–23], so that 30–60% of the newly diagnosed 
patients aged 15–35 years were generally reported as hav-
ing low BMD [18, 21, 23], and 18–35% osteoporosis [19, 
21, 22]. Similar results have also been found among newly 
diagnosed children and adolescents [10]. Even though the 
evidence is scarce and most studies of low reporting qual-
ity, these findings are sufficiently in agreement to highlight 
the need to routinely assess bone density in all patients 
with newly diagnosed CD. Unfortunately, data on young 

men is currently lacking. Therefore whether the findings 
on women can be extended to men, is at this point specu-
lative, although it might be prudent given the previous 
findings in children and adolescents [10].

Summary of the Evidence of Gluten‑Free Diet

From the two studies identified in the present systematic 
review, it seems that BMD benefits from a strict GFD. 
The results from the two included studies show a signifi-
cant improvement already after 1 year, and even greater 
after 2 and 5 years [15, 16]. These results are similar to 
the results presented in conference abstracts [24, 25]. For 
instance, Longarini et al. showed that by following a strict 
GFD, the one-year BMD among 31 pre-menopausal women 
was improved significantly at the distal radius (mean ± SD) 
(− 1.94 ± 1.27 vs. − 1.43 ± 1.06), though not at the lumbar 
spine level [24], and the beneficial results improve with 
adherence over time [20, 26].

The results may be distorted due to lack of adjustments 
for crucial confounders, such as gonadal and menstrual 
function. Also, it cannot be excluded that the findings may 

Table 4  The method, reported outcomes and the results of the included studies examining the prevalence of osteopenia and osteoporosis

Study’s first author, year Method Reported outcomes Prevalence of 
osteopenia, %

Prevalence of osteo-
porosis, %

T-score mean (range)

Lunt (2001) [17] Bone mineral 
densitometry 
(DXA)

Osteopenia, % 4% Data not shown Vertebral: − 0.98
Femoral: − 0.72

Zanchetta (2015) [16] Bone mineral 
densitometry 
(DXA)

Z-score Data not shown Data not shown Z-score: Ver-
tebral: − 0.50 
(p = 0.003)

Femoral: − 0.20 
(p = 0.03)

Table 5  The intervention, control, reported outcomes, and authors conclusion of the included studies examining the influence of gluten-free diet

Study’s first author, year Intervention Control Reported outcomes Results

Passananti (2011) [15] Gluten-free diet after 2 and 
5 years

Before intervention BMD The mean BMD at femur was 
higher than that at diagnosis 
for the femoral neck and for 
Ward’s triangle, and no sig-
nificant increase in the BMD was 
observed for the spine

The 5-year FU showed an increase 
of BMD at the femur and at the 
spine, for both being the BMD 
higher than at diagnosis

Zanchetta (2015) [16] Gluten-free diet after 1 year Before intervention 
-group of healthy 
controls

BMD and T-score BMD, reported as g/cm2, and DXA 
T-score increased significantly at 
all regions evaluated (LS: 2.8%, 
FN: 2.5%, TH: 3.7%, and distal 
radius: 3.7%)
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be partially explained by a change in body mass index 
(BMI) during the study period [27, 28]. Indeed, Passananti 
and colleagues showed that compared to time of diagnosis, 
an increased mean BMI was found at the 5-year follow-up 
(21.37 ± 2.98 kg/m2 vs. 22.44 ± 3.44 kg/m2) [15]. How-
ever, the scope of the paper is to provide a synthesis on the 
recovery of BMD following intervention and whether a con-
comitant improvement in gonadal hormones or body weight 
contributes to the BMD increase—though interesting from 
a pathophysiology angle—does not alter the overall clinical 
message or patient management.

Summary of the Evidence of Nutritional 
Supplements and Antiresorptives

We also aimed to examine the effect of a GFD combined 
with nutritional supplements or the effect of antiresorp-
tive osteoporosis agents, but no studies meeting the review 
criteria were identified. One conference abstract was iden-
tified addressing parenteral bisphosphonate intervention 
[26]; while relevant to the discussion the paper is nomi-
nally outside our prespecified criteria since the population 
was not newly diagnosed. The authors studied 34 adult 
patients randomized into two groups. The first group 
received calcium and vitamin D supplementation along 
with GFD (standard care), while patients in the second 
group also received a single infusion of zoledronic acid 
(intervention arm). BMD at diagnosis was low in 28 (82%) 
patients, but after 1 year, the T-score improved strongly 
and had a clinical significance in both groups [26]. In the 
standard care group (n = 15), the mean T-score improved 
from − 3.3 ± 1.2 to − 2.1 ± 1.4) and in the intervention 
arm, the mean T-score improved (n = 13) from − 2 ± 1.3 
to − 1.1 ± 1.8. However, the difference between the 
changes achieved in the two groups was not statistically 
significant. The authors conclude that zoledronic acid had 
a little additive effect on bone BMD compared to a GFD 
with calcium and vitamin D supplementation [26]. While 
the pilot study does not in itself offer RCT evidence that 
intervention is effective in restoring BMD, the absolute 
differences in BMD achieved were large and clinically 
important in both arms of the study.

Strengths and Limitations of the Included Studies

Overall, the included studies were assessed as critical 
risk of bias using the ROBINS-I tool [14]. According to 
ROBINS-I, this means that the studies are too problematic 
to provide any useful evidence. High-quality studies are 
much needed.

Strengths and Limitations of Our Review

In order to ensure high methodological quality, this sys-
tematic review followed the guidelines of the cochrane col-
laboration and PRISMA as well as pre-registering a pro-
tocol at PROSPERO. Moreover, a comprehensive search 
and duplicate full-text study selection, data extraction, and 
quality assessment were used. Furthermore, the authors of 
the included studies were contacted for further information. 
Amongst the limitations, we acknowledge that since we only 
included studies reported in English, there might be relevant 
studies unidentified. Moreover, unpublished papers were not 
searched, and thus relevant studies may have been unidenti-
fied. The review authors were not blinded in the process of 
selecting literature.

Considerations for Further Research

Given the high prevalence of low BMD in patients with CD 
[6–8], it was surprising to find an almost complete lack of 
studies examining the effects of dietary and/or pharmaceuti-
cal interventions that could potentially improve bone health 
in patients with newly diagnosed CD.

It would be helpful if subsequent RCTs would focus on 
patients who still had a BMD deficit after having been suc-
cessfully maintained on a GFD for a reasonable period, 
probably one or two years, before initiation of additional 
intervention. Moreover, the major research gap calls for an 
in-depth examination of the effect of antiresorptive agents 
and/or nutritional supplements on BMD in young adult 
celiac patients. By identifying and characterizing such strat-
egies, future recommendations among this high-risk patient 
group can be informed, with the short-term aim of improv-
ing peak bone mass, and with the long-term aim of lower-
ing the prevalence of osteopenia, osteoporosis, and fractures 
later in life.

Conclusion

The systematic review demonstrates a high prevalence of 
low BMD in the 20–35 years of age population with newly 
diagnosed CD, a decrease which if not corrected will be 
associated with an increased risk of fractures. Therefore, the 
results support routine assessment of BMD in young women 
at disease onset, but whether the findings can be extrapo-
lated to young men is unknown. While a strict GFD was 
found to be beneficial to the BMD in the study population 
of interest, we identified a large knowledge gap regarding 
the potential for nutritional supplements or antiresorptive 



648 C. Mosca et al.

1 3

agents in addition to GFD to aid BMD recovery and prevent 
fragile bones among newly diagnosed CD patients in young 
adulthood.
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