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Introduction
Osteoporosis is a systemic skeletal disease charac-
terized by diminished density and architectural 
disturbance of bone tissue, as a result of an imbal-
ance between bone resorption and formation, and 
with a consequent increase in fracture risk.1 
Several factors may affect this balance, being 
involved in osteoporosis pathogenesis: female sex, 

advanced age, endocrine and nutritional distur-
bances, certain drugs such as corticosteroids, 
immobilization and comorbidities such as chronic 
inflammatory disorders. Bone mineral density, 
assessed noninvasively in sites such as spine and 
hip by dual energy X-ray absorptiometry (DXA), 
is the best predictor of bone fracture risk, espe-
cially if periodic measures are performed. 

Metabolic bone disease in patients 
diagnosed with inflammatory bowel  
disease from Spain
José Miranda-Bautista, Cristina Verdejo, Alicia Díaz-Redondo, Irene Bretón, José M. Bellón, 
María Dolores Pérez-Valderas, Aránzazu Caballero-Marcos, Marta de Dios-Lascuevas, 
Elena González-Río, Cristina García-Sánchez, Ignacio Marín-Jiménez, Rafael Bañares  
and Luis Menchén

Abstract
Background: The objective of this study was to analyse the prevalence of metabolic bone 
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Individual bone density values are most com-
monly expressed in standard deviation (SD) 
units, in relation to a reference young, healthy 
population (T-score); according to this, World 
Health Organization classifies bone mineraliza-
tion in three categories: normal (⩾−1 SD), osteo-
penia (−1.01 to −2.49 SD) and osteoporosis 
(⩽−2.5 SD).1

Osteoporosis is a well-known complication of 
inflammatory bowel disease (IBD). Indeed, the 
overall relative risk of bone fractures among IBD 
patients is significantly higher than in general 
population.2 Osteoporosis is present in 13–42% 
of patients,3 but osteopenia has been reported in 
up to 77% of patients with IBD.4 Variations in 
these percentages may be found depending on 
geographical area;5 in addition, some specific 
IBD-related factors might also be involved in 
metabolic bone disease (MBD) in this scenario: 
the type of IBD, the presence of persistent inflam-
matory activity periods, the development of flares 
requiring hospitalization and corticosteroids and 
previous history of intestinal resections leading to 
calcium and/or vitamin D malabsorption.6,7 
Several studies have been conducted with the 
purpose of identifying risk factors, in order to 
establish therapeutic and preventive strategies 
and, overall, it seems that corticosteroid treat-
ment is the most strongly associated variable with 
osteoporosis among IBD patients.

In 2000, British Society of Gastroenterology pub-
lished the first guidelines on the management of 
osteoporosis in coeliac disease and IBD,8 recom-
mending bone mineral density measurement as 
an osteoporosis screening strategy in at-risk 
patients such as postmenopausal women, patients 
older than 60 years old and those who have 
received systemic corticosteroid therapy. These 
guidelines also recommended, for the first time in 
this clinical scenario, the prevention of bone loss 
while on corticosteroid treatment by ensuring an 
adequate daily intake of calcium (1500 mg) and 
vitamin D (800 units). Three years later, the 
American Gastroenterological Association pub-
lished its own guidelines on osteoporosis in gas-
trointestinal diseases, including IBD,9 and similar 
recommendations were suggested.

There are scarce data of MBD in large cohorts 
from Southern European countries; moreover, 
the effect of physician’s adherence to published 
guidelines in the development of osteoporosis 

among IBD patients has not been estimated. 
Thus, the objective of our study is to evaluate 
bone mineral density in a cohort of Southern 
European IBD patients from two tertiary hospi-
tals and identify factors related to the develop-
ment of MBD.

Patients and methods

Patients and study design
We conducted an observational, retrospective, 
both cross-sectional and longitudinal study to 
estimate the prevalence and risk factors of MBD 
(osteoporosis and osteopenia), based on first 
DXA performed after IBD diagnosis between 
2002 and 2016, among high-risk (see below) 
IBD patients from two referral, tertiary centres 
in Madrid (HGUGM) and Ciudad Real 
(HGUCR), Spain. The aforementioned guide-
lines recommend evaluation of bone density 
using DXA in IBD patients with previously rec-
ognized risk factors for this complication: poor 
response to treatment or hospitalization due to 
IBD activity, extensive disease including upper 
gastrointestinal tract involvement in CD 
patients, short bowel syndrome, prolonged treat-
ment with corticosteroids, menopause or male 
older than 55 years or previously diagnosed with 
hypogonadism. Both institutions follow these 
recommendations; nevertheless, owing to retro-
spective nature of the study and missing data we 
cannot assure full compliance of referral to DXA 
screening. Electronic clinical charts of IBD 
patients registered in our databases were 
reviewed, and clinical, endoscopic and radio-
logic information was included. Prescription 
data, including doses and duration of therapies, 
were confirmed from electronical clinical charts. 
Adherence has not been confirmed by objective 
methods, except for the case of biological thera-
pies. Inclusion criteria were diagnosis of IBD 
(based on the usual clinical, radiological, endo-
scopic and histological criteria); age over 18 years 
at the time of the baseline densitometry; and at 
least one spine or hip DXA performed after IBD 
diagnosis. Exclusion criteria were bone mineral 
density expression only by Z-score; bone mineral 
density measurement in different location to 
lumbar spine or hip; time between baseline DXA 
and control DXA less than 2 years (for the longi-
tudinal study); neoplasms that lead to withdraw 
immunosuppressive IBD treatment or chemo-
therapy; and pregnancy.
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Cross-sectional study. Epidemiological and clini-
cal data were collected (including smoking habits, 
history of fractures and usual medication that 
may act as confusion variables such as proton 
pump inhibitors, low molecular weight heparin, 
contraception pills and cancer chemotherapy) as 
well as specific data of IBD [type of IBD, Mon-
treal classification for Crohn’s disease (CD) and 
extension for ulcerative colitis (UC), years from 
diagnosis, medical treatment and previous sur-
gery] as potential independent factors for the 
worsening of the course of bone mineral density. 
Corticosteroid treatment was recorded as cumu-
lative dose of prednisone, each tapered treatment 
was annotated and when methylprednisolone was 
used an equivalency 0.8 mg methylpredniso-
lone = 1 mg prednisone was used to standardize 
dosing. Dosing used in both institutions was 1 mg/
kg of weight/day (maximum 60 mg/day) of pred-
nisone during 1 or 2 weeks, and a decrease of 
10 mg/day each week until 20 mg per day, after 
this dose the decrease falls to 5 mg/day each week 
until suppression. Chronic treatment with cal-
cium and vitamin D was also recorded. When this 
treatment was administered as cotreatment dur-
ing steroids tapering therapy it was not annotated 
as chronic calcium and vitamin D treatment. 
Blood chemistry variables (25-hydroxy-vitamin 
D, calcium, albumin, parathyroid hormone, reac-
tive C protein and fibrinogen) were also collected 
at the DXA date (±2 weeks).

Follow-up cohort assessment. The following 
parameters were retrieved: initiation or not of 
specific treatment for bone mineral disease after 
baseline DXA and type (calcium plus D vitamin, 
bisphosphonates or others), change or not in the 
specific treatment of IBD after baseline DXA and 
type [immunomodulators (IMM), anti-tumour 
necrosis factor (TNF)α agents, IMM plus anti-
TNFα agents, surgery or others], need or not of 
intensification in the specific treatment of IBD, 
need or not of corticosteroids treatment and 
cumulative dose, and history of fractures. The 
blood chemistry variables collected were the same 
as for the baseline assessment.

Bone density measurements
DXA was performed using a Hologic densitome-
ter, Discovery QDR series, and APEX 3.3.0.1 
software. MBD was defined according to the 
World Health Organization10 criteria, which bases 
the categorization of abnormality in an individual 

according to the number of SDs below the mean 
value for a young adult reference population 
(T-score): normal when the T-score is ⩾−1 SD; 
osteopenia if the lowest T-score (hip or spine) is 
between −1 and −2.49 SD, and osteoporosis if 
the lowest T-score (hip or spine) is ⩽−2.5 SD. 
The lumbar spine or hip T-score were used for 
the interpretation of bone mineral density data. 
In the follow-up cohort, those patients who had 
more than two DXA, the most recent DXA was 
chosen as control DXA.

Ethical considerations
The study was approved by the Institutional 
Ethics Committee (39/14, 24 March 2014). Data 
analysis was performed according to the 
Declaration of Helsinki. As the study utilized 
existing health data, a waiver of informed consent 
was granted by the Ethics Committee.

Statistical analysis
Results of continuous variables are expressed as 
mean and SD, in the case of a normal distribu-
tion, or as median and interquartile range (25th 
percentile; 75th percentile) if not. Analysis of the 
normal distribution was performed with 
Kolmogorov–Smirnov test. For categorical varia-
bles, results are expressed as frequencies and per-
centages. To evaluate mean differences between 
two or more groups, parametric [Student’s t test 
or analysis of variance (ANOVA)] or nonpara-
metric (Mann–Whitney or Kruskal–Wallis) were 
used depending on the normal distribution or 
total number of patients in each group. Association 
between categorical variables were analysed by 
means of chi-squared or Fisher tests; to measure 
the strength of the associations, odds ratios (ORs) 
with their confidence intervals (CIs) were calcu-
lated. Association between quantitative variables 
were assessed with Pearson or Spearman correla-
tion coefficients. A logistic regression multivariate 
analysis was performed to assess independent 
predictive factors of MBD and osteoporosis 
(dependent variables) in IBD patients. All statis-
tically significant variables (p < 0.1 for this pur-
pose) in univariate analysis and those that 
although not significant are clinically or physio-
logically relevant were included in the multivari-
ate analysis; those with very low incident cases 
were not included. The final model was obtained 
following a backwards stepwise selection using 
maximum likelihood estimation, in which 
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variables are removed based on likelihood ratio 
test; final statistically significant variables are pre-
sented. Statistical analysis was performed with IBM 
SPSS Statistics package for Windows (Version 
21.0. Armonk, NY: IBM Corp.). p values < 0.05 
were considered statistically significant.

Results

Cross-sectional study
Baseline clinical characteristics. A total of 1619 
[1152 from Hospital General Universitario Gre-
gorio Marañón (HGUGM) and 467 from Hospi-
tal General Universitario de Ciudad Real 
(HGUCR)] consecutive IBD patients attended 
between 2002 and 2014, were evaluated; 612 eli-
gible patients with risk factors for MBD and at 
least one DXA were finally included in the study 
(Figure 1): 43.1% of patients were male; mean 
(SD) age was 44.9 (14.7) years. CD was diag-
nosed in 359 (58.6%) patients, UC in 238 
(38.9%), and indeterminate colitis (IC) in 15 
(2.4%). Mean evolution time from diagnosis was 
9.7 years. Clinical characteristics, and previous 

and active treatments of patients at the moment 
of basal DXA are summarized in Tables 1 and 2. 
Patients diagnosed with CD were significantly 
younger [42.1 (13.9) versus 48.6 (15), p < 0.001] 
and had a significantly higher rate of active smok-
ing (34.3% versus 15.6%, p < 0.001), IMM 
(49.7% versus 37.8% p = 0.011) and biologic 
treatment (27.9% versus 14.7%, p < 0.001), hos-
pital admissions (51.4% versus 38.6%, p = 0.026) 
and previous surgery (42.1% versus 9.7%, 
p < 0.001) than those diagnosed with UC. A 
higher proportion of menopausal women was 
found among UC compared with CD patients 
(24.6% versus 16%, p = 0.004). A total of 439 
patients (71.7%) received at least one tapered 
dosage of corticosteroids before DXA, with a 
mean (SD) cumulative dose of 4021.5 (2979) mg 
of prednisone or equivalent; 143 patients received 
calcium and vitamin D treatment at least 3 
months before first DXA, and 19 patients received 
bisphosphonates.

Prevalence of MBD. Following the above-men-
tioned criteria, MBD (both osteopenia and osteo-
porosis) was diagnosed in 406 (66.4%) of patients; 

Figure 1. Flowchart.
DXA, dual energy X-ray absorptiometry; F/U, follow up; HGUCR, Hospital General Universitario de Ciudad Real; HGUGM, 
Hospital General Universitario Gregorio Marañón.
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Table 1. Clinical characteristics of the cohort (CD, 359 patients; UC, 238 patients; IC, 15 patients).

CD
n = 359

UC
n = 238

Total cohort
n = 612

p

Age, years, mean (SD) 42.1 (13.9) 48.6 (15) 44.9 (14.7) <0.001

Male sex, n (%) 168 (46.8) 91 (38.2) 264 (43.1) 0.087

Time from IBD diagnosis, mean (SD) 9.4 (7.1) 10.2 (8.2) 9.67 (7.6) 0.294

IBD-related hospitalizations in the last  
5 year-period

 

 Yes, n (%) 269 (51.4) 34 (38.6) 303 (49.6) 0.026

 >3, n (%) 63 (12.0) 6 (6.8) 69 (11.3) 0.152

Tobacco, n (%) <0.001

 Smokers 123 (34.3) 37 (15.6) 161 (26.4)  

 Exsmokers 48 (13.4) 29 (12.2) 81 (13.3)  

Alcohol, n (%)  

 Mild–moderate intake 41 (11.4) 26 (10.9) 69 (11.3) 0.166

 Severe intake 1 (0.3) 0 2 (0.3)  

COPD, n (%) 9 (2.5) 6 (6.9) 15 (2.5) 0.363

Diabetes, n (%) 13 (3.6) 11 (4.6) 26 (4.3) 0.176

Thyroid disorders, n (%) 17 (4.8) 20 (8.5) 37 (6.1) 0.326

Coeliac disease, n (%) 0 0 0 –

CKD, n (%) 6 (1.1) 2 (2.3) 8 (11.3) 0.122

Calcium disorders 5 (1.4) 1 (0.4) 6 (1) 0.465

Liver disease, n (%) 10 (2.8) 8 (3.4) 20 (3.3) 0.079

Hypogonadism, n (%) 0 1 (0.4) 1 (0.2) 0.453

Inflammatory arthropathy, n (%) 24 (6.7) 14 (5.9) 38 (6.2) 0.555

Menopause, n (%) 56 (16) 61 (24.6) 122 (22.4) 0.004

Corticosteroids, n (%) 261 (72.7) 168 (70.6) 439 (71.7) 0.775

Immunomodulators, n (%) 178 (49.7) 90 (37.8) 273 (44.7) 0.011

 Tiopurines 172 (96.6) 85 (95.5) 262 (96)  

 Methotrexate 6 (3.4) 4 (4.5) 10 (3.7)  

 Others 0 0 0  

Biologics 100 (27.9) 35 (14.7) 136 (22.3) <0.001

 Infliximab 68 (68) 28 (80) 97 (71.3)  

 Adalimumab 30 (30) 6 (17.1) 36 (26.5)  

(Continued)

https://journals.sagepub.com/home/tag


Therapeutic Advances in Gastroenterology 12

6 journals.sagepub.com/home/tag

osteoporosis was diagnosed in 131 (21.4%) 
patients. Mean (SD) spine T-score was −1.53 
(1.16), whereas mean (SD) hip T-score was −1.32 
(0.9). Osteoporosis prevalence was higher among 
UC than CD patients (27.7 versus 17%, p = 0.02). 
Previous nontraumatic bone fracture occurred in 
2.6% of the cohort. When cohorts from both 
institutions were compared, no statistically sig-
nificant differences in MBD prevalence were 
found (data not shown).

Univariate analysis of risk factors for MBD in 
patients with IBD. Raw data of patients’ charac-
teristics included in all three categories of MBD, 
normal, osteopenia and osteoporosis, are listed in 
Supplemental Table 1. Univariate analysis based 
on the categorization of alteration of bone min-
eral density (normal, osteopenia or osteoporosis) 
was carried out (Supplemental Table 1), and 
showed that age (p = 0.001), menopause 
(p < 0.001), previous fracture (p = 0.014) and age 
of onset (p = 0.023) were statistically significant 
risk factors for worse categorization of bone min-
eral density. No previous fractures were observed 
among patients with normal bone mineral den-
sity. Biochemical parameters and other vari-
ables of the Montreal classification were not 

significantly associated with the presence of bone 
mineral disease. Treatment with proton pump 
inhibitors (PPIs) was significantly associated 
(p = 0.019) with worse categorization of bone 
mineral density. However, previous steroid treat-
ment was not significantly associated with a worse 
bone mineral density (p = 0.476).

Multivariate (logistic) regression analysis of risk 
factors for MBD. To identify the risk factors that 
influenced in the baseline DXA, two multivariate 
analysis were performed for two dependent vari-
ables, osteoporosis (Table 3) and MBD (both 
osteoporosis and osteopenia; Table 4), as follows: 
first, each independent variable was tested in the 
univariate analysis, and those statistically signifi-
cant (p < 0.1 for this purpose) or those clinically 
or physiologically relevant were included in mul-
tivariate analysis. We used a backwards strategy 
and after deleting the variable less significant in 
each step the variables finally selected and their 
OR, CI and p value are shown. Female sex (OR 
0.430, 95% CI = 0.213–0.867; p = 0.018) and 
albumin (OR 0.474, 95% CI = 0.251–0.898; 
p = 0.022) were identified as protective factors for 
osteoporosis; on the other hand, menopause (OR 
2.165, 95% CI = 0.997–4.7; p = 0.051), ulcerative 

CD
n = 359

UC
n = 238

Total cohort
n = 612

p

 Others 1 (0.9) 2 (8.7) 3 (2.2)  

Prior intestinal surgery, n (%) 151 (42.1) 23 (9.7) 177 (28.9) <0.001

 Ileal resection 122 (81.3) 2 (8.7) 124 (70.5) 0.001

 Colic resection 28 (18.7) 21 (91.3) 52 (29.5) 0.001

 Short intestine 8 (2.4) 1 (0.5) 9 (1.7) 0.239

Heparin, n (%) 4 (1.1) 2 (0.8) 6 (1) 0.883

Thyroid hormones, n (%) 12 (3.4) 12 (5.1) 24 (4) 0.419

Contraceptives, n (%) 7 (2) 4 (1.7) 12 (2) 0.380

Chemotherapy n (%) 3 (0.8) 1 (0.4) 4 (0.7) 0.789

PPI, n (%) 84 (23.8) 55 (23.7) 144 (24) 0.586

Calcium and vitamin D, n (%) 83 (23.3) 57 (24.5) 143 (23.7) 0.930

Biphosphonates, n (%) 10 (2.8) 7 (3) 19 (3.2) 0.055

CD, Crohn’s disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IC, indeterminate colitis; IBD, inflammatory 
bowel disease; PPI, proton pump inhibitor; UC, ulcerative colitis.

Table 1. (Continued)
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colitis diagnosis (OR 2.619; 95% CI = 1.438–
4.77; p = 0.002) and treatment with calcium and 
vitamin D (OR 2.123; 95% CI = 1.129–3.99; 
p = 0.019) were found as risk factors for osteopo-
rosis. Treatment with calcium and vitamin D is 
interpreted as a collinear variable, as risk patients 
are more likely to receive this treatment. Further-
more, we performed the same analysis with MBD 
(i.e. osteopenia and osteoporosis) as a dependent 
variable (Table 4). IMM therapy was identified as 
a potential protective factor for MBD (OR 0.609; 
95% CI = 0.372–0.997; p = 0.049) whereas age 
(per year, OR 1.031; 95% CI = 1.031–1.049; 
p = 0.000), more than three IBD-related hospital-
izations (OR 3.217; 95% CI = 1.23–8.415; 
p = 0.017), corticosteroids (OR 1.948; 95% 
CI = 1.147–3.309; p = 0.014) and treatment with 
calcium and vitamin D (OR 2.073; 95% 
CI = 1.13–3.804; p = 0.019) were identified as risk 
factors.

Longitudinal study
Baseline characteristics of the cohort. A total of 
261 (42.6%) of the 611 patients, had at least a 
second DXA throughout follow up (Figure 1). 
Median (range) follow up between first and last 
DXA was 56.4 months. A total of 41.6% of 
patients required IBD treatment intensification 
(adding an immunomodulator, an anti-TNF or 
increasing biologic dose) during follow up. Rate 
of intensification and need for steroids were 
higher among CD than UC patients (51.8% ver-
sus 31%, p < 0.001; and 29.4% versus 23%, 
p = 0.035, respectively). A total of 72.3% of 
patients were treated with calcium plus vitamin D 
supplements, and 22.2% with bisphosphonates 
during the follow up.

Analysis of patients lost in follow up. The follow-
ing variables of the 351 (57.4%) patients not 
included in the longitudinal study due to lack of 
control DXA were analysed: age, sex, T-score in 
column and hip at baseline, categorization of 
bone mineral disease according to WHO (normal, 
osteopenia and osteoporosis) at baseline, meno-
pause, treatment with corticosteroids and history 
of pathological fractures. T-score of the spine or 
hip in the baseline DXA (p < 0.001), number of 
patients with a normal baseline DXA (p = 0.004) 
and proportion of males (p < 0.001) were signifi-
cantly higher in those patients who do not have a 
control DXA than in those who are included in 
the longitudinal study.

Long-term evolution of bone mineral density in IBD 
patients. Bone mineral density at lumbar spine 
slightly but significantly improved during the 
 follow up (T-score from −1.53 ± 1.16 to 
−1.36 ± 1.18, p = 0.001); improvement in density 
at hip did not reach statistical significance 
(−1.32 ± 0.96 to −1.28 ± 1.05, p= 0.418). The 
course of bone mineral density in the hip for CD 
showed a statistically significant improvement 
(p = 0.003). Furthermore, we carried out two 
multivariate (logistic) regression models in order 
to identify factors that influenced these changes: 
first, an assessment as the worsening in the bone 
mineral disease classification (from normal to 
osteopenia or osteoporosis, and from osteopenia 
to osteoporosis) (Table 5); and second, as a 
decrease ⩾ 1 SD in hip or lumbar T-score (Table 
6). Thirty-four (5.6%) of the 183 patients 
included in the follow up who presented normal 
values or osteopenia in baseline DXA presented a 

Table 2. Montreal classification.

Crohn’s disease, n (%) 359 (58.6)

Age at diagnosis (A):  

A1 29 (8.1)

A2 243 (67.9)

A3 86 (24)

Location (L):  

L1 119 (33.2)

L2 64 (17.9)

L3 175 (48.9)

+L4 28 (7.9)

Behaviour (B):  

B1 216 (60.3)

B2 81 (22.6)

B3 61 (17)

+p (perianal disease) 91 (25.3)

Ulcerative colitis, n (%) 238 (38.9)

Proctitis 39 (16.4)

Left-side colitis 98 (41.2)

Extensive colitis 101 (42.4)
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Table 3. Univariate and multivariate (logistic) regression analysis of risk factors for metabolic bone disease. Dependent 
variable: osteoporosis. All statistically significant (p < 0.1 for this purpose) variables in univariate analysis and those clinically 
or physiologically relevant were included in the multivariate analysis (highlighted in bold in the univariate column). A backwards 
strategy was used, and final statistically significant variables and their OR, CI and p value are presented.

Univariate analysis Multivariate analysis

 OR and 95% CI p OR and 95% CI p

Age, years 1.038 (1.024–1.052) 0.001  

Female sex 0.788 (0.564–1.164) 0.232 0.430 (0.213–0.867) 0.018

Calcium 0.950 (0.681–1.325) 0.761  

Vitamin D 0.995 (0.965–1.026) 0.761  

PTH 1.001 (0.985–1.018) 0.872  

Albumin 0.619 (0.348–1.1) 0.102 0.474 (0.251–0.898) 0.022

Tobacco 0.83 (0.627–1.099) 0.194  

Alcohol 1,05 (0.59–1.869) 0.867  

COPD 1.819 (0.61–5.418) 0.283  

Diabetes 0.63 (0.213–1.861) 0.403  

Hyperthyroidism 1.177 (0.121–11.409) 0.888  

Hypothyroidism 1.187 (0.52–2.708) 0.684  

CKD 2.137 (0.504–9.064) 0.303  

Liver disease 1.536 (0.578–4.079) 0.389  

Calcium disorders 1.803 (0.327–9.957) 0.499  

Hypogonadism 1  

Arthritis 1.198 (0.549–2.616) 0.65  

Menopause 2.059 (1.316–3.221) 0.002 2.165 (0.997–4.7) 0.051

Fractures 2.170 (0.774–6.085) 0.141  

>1 comorbidities 1.226 (0.437–3.440) 0.699  

Ulcerative colitis 1.905 (1.287–2.82) 0.001 2.619 (1.438–4.77) 0.002

Crohn’s disease 0.515 (0.348–0.762) 0.001  

Crohn’s disease Montreal 
Classification

 

Age at diagnosis 1.485 (0.893–2.467) 0.127  

Localization 1.046 (0.767–1.425) 0.778  

Upper gastrointestinal disease 1.08 (0.392–2.973) 0.882  

Perianal disease 0.753 (0.387–1.465) 0.403  

Behaviour 0.969 (0.674–1.393) 0.864  

(Continued)
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worsening in the control DXA. Supplemental 
Table 2 shows the univariate analysis of the longi-
tudinal study comparing the group of patients 
who experienced worsening of MBD category 
and the group who did not. The ‘worsening of 
category’ group has a greater proportion of 
patients diagnosed with UC (p = 0.015), and 
lower proportion of patients under corticosteroid 
(p = 0.047) and biologic treatment (p = 0.025) 
previously to first DXA. Following the same 
approach as in the cross-sectional study, we per-
formed a multivariate logistic analysis (dependent 
variable: worsening of MBD category) meno-
pause (OR 18.072; 95% CI = 3.924–83.240; 
p = 0.000) and baseline lumbar DXA T-score 
value (OR 7.434; 95% CI = 2.697–20.491; 
p = 0.000) were identified as risk factors of wors-
ening of MBD category (Table 5). On the other 

hand, 30 (11.5%) of the 261 patients included in 
the follow-up analysis presented a decreased in 
⩾1 SD in hip or lumbar T-score in the control 
DXA. The multivariate (logistic) regression 
model identified menopause (OR 9.467; 95% 
CI = 2.411–37.169; p = 0.001), UC (OR 6.813; 
95% CI = 1.82–25.503; p = 0.004) and baseline 
lumbar DXA T-score value (OR 2.981; 95% 
CI = 1.427–6.228; p= 0.004) as risk factors for 
worsening ⩾1 SD in follow-up DXA T-score. 
According to guidelines, all patients under treat-
ment with corticosteroids received prophylaxis 
with calcium and vitamin D.

Influence of IBD and concomitant treatments in the 
course of bone mineral density. We further investi-
gated the course of bone mineral density of IBD 
patients with osteopenia who were under calcium 

Univariate analysis Multivariate analysis

 OR and 95% CI p OR and 95% CI p

Ulcerative colitis, Montreal 
Classification

 

Extension 1.250 (0.83–1.884) 0.286  

Years since diagnosis 0.996 (0.979–1.013) 0.618  

Hospitalizations 1.02 (0.932–1.116) 0.665  

>3 hospitalizations 1.216 (0.739–2.344) 0.352  

Short intestine syndrome 0.956 (0.196–4.666) 0.956  

Corticoids 0.832 (0.544–1.273) 0.397  

IMM 0.759 (0.512–1.127) 0.172  

Biologics 0.683 (0.415–1.125) 0.134  

Intestinal surgery 0.8 (0.517–1.24) 0.319  

PPI 1.811 (1.1179–2.781) 0.007  

Heparin 0.698 (0.081–6.031) 0.744  

Chemotherapy 1.178 (0.122–11.423) 0.887  

Thyroid hormones 0.98 (0.357–2.692) 0.969  

Calcium and vitamin D 2.109 (1.379–3.226) 0.001 2.123 (1.129–3.99) 0.019

Biphosphonates 6.494 (2.502–16.858) 0.000  

CI, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IMM, immunomodulator; OR, odds ratio; PPI, 
proton pump inhibitor; PTH, parathyroid hormone.

Table 3. (Continued)
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Table 4. Univariate and multivariate (logistic) regression analysis of risk factors for metabolic bone disease. Dependent variable: 
metabolic bone disease (osteopenia and osteoporosis). All statistically significant (p < 0.1 for this purpose) variables in univariate 
analysis and those clinically or physiologically relevant were included in the multivariate analysis (highlighted in bold in the 
univariate column). A backwards strategy was used, and final statistically significant variables and their OR, CI and p value are 
presented.

Univariate analysis Multivariate analysis

 OR and 95% CI p OR and 95% CI p

Age, years 1.036 (1.023–1.050) 0.000 1.031 (1.031–1.049) 0.000

Female sex 0.958 (0.678–1.353) 0.807  

Calcium 1.065 (0.803–1.413) 0.661  

Vitamin D 1.002 (0.977–1.027) 0.882  

PTH 1.029 (1.001–1.057) 0.043  

Albumin 0.622 (0.369–1.048) 0.075  

Tobacco 1.064 (0.837–1.352) 0.612  

Alcohol 0.802 (0.486–1.324) 0.388  

COPD 7 (0.914–53.623) 0.061  

Diabetes 1.636 (0.646–4.142) 0.299  

Hyperthyroidism 0.479 (0.067–3.425) 0.479  

Hypothyroidism 0.915 (0.432–1.937) 0.915  

CKD 0.999  

Liver disease 0.891 (0.350–2.269) 0.808  

Calcium disorders 0.999  

Hypogonadism 1  

Arthritis 1.049 (0.518–2.126) 0.895  

Menopause 2.286 (1.407–3.714) 0.001  

Fractures 0.998  

>1 comorbidities 2.833 (0.820–9.787) 0.1  

Ulcerative colitis 1.186 (0.832–1.689) 0.345  

Crohn’s disease 0,773 (0.544–1.098) 0.15  

Crohn’s disease Montreal Classification  

Age at diagnosis 1.247 (0.832–1.870) 0.286  

Localization 1.039 (0.814–1.326) 0.758  

Upper gastrointestinal disease 1.307 (0.555–3.078) 0.54  

Perianal disease 1.245 (0.746–2.077) 0.402  

Behaviour 1.275 (0.948–1.715) 0.108  

(Continued)
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(1000 mg) plus cholecalciferol (800 UI) supple-
ments at least 3 months before baseline DXA and 
continued during the follow up, showing that 
mean (SD) hip T-score significantly improved 
[0.219 (0.597) versus −0.033 (0.734), p < 0.005]. 
A tendency to lumbar spine improvement [0.296 
(0.861) versus 0.115 (0.760), p > 0.05] was also 
shown, but without statistical significance.

We also analysed the evolution of bone mineral 
density of IBD patients with osteoporosis who 
were under bisphosphonate treatment during the 
follow up. Compared with nontreated patients, 
mean hip T-score improved during the follow up 
(0.324 (0.247) versus 0.030 (0.719) points, 
p = 0.039). No significant improvement in lumbar 
T-score (0.407 (0.884) versus 0.115 (0.2792) 
points, p = 0.42) was found. The course of bone 
mineral density of nine patients who started 

bisphosphonate after osteoporosis diagnosed in 
baseline DXA was also analysed and we found an 
improvement in the hip and the lumbar T-scores, 
but did not reach statistical significance (−2.162 
versus −1.875 and −2.812 versus −2.262 respec-
tively; p > 0.05).

Regarding specific IBD treatments, the evolution 
of bone mineral density was also evaluated in 22 
patients with bone mineral disease who intensi-
fied their treatment to an anti-TNF treatment 
after baseline DXA, but changes between both 
bone densities were not statistically significant. In 
the same way, the evolution in bone mineral den-
sity was evaluated in those 12 patients whose IBD 
treatment was intensified after control DXA to 
treatment with anti-TNF and AZA, and a statisti-
cally significant increase in the lumbar T-score 
was found (−1.97 versus −1.12, p = 0.002).

Univariate analysis Multivariate analysis

 OR and 95% CI p OR and 95% CI p

Ulcerative colitis, Montreal Classification  

Extension 1.071 (0.721–1.592) 0.733  

Years since diagnosis 1.015 (0.992–1.039) 0.202  

Hospitalizations 1.115 (1.014–1.226) 0.024  

>3 hospitalizations 1.841 (1.011–3.353) 0.046 3.217 (1.23–8.415) 0.017

Short intestine syndrome 1.67 (0.343–8.128) 0.525  

Corticosteroids 1.071 (0.733–1.565) 0.724 1.948 (1.147–3.309) 0.014

IMM 0.670 (0.476–0.945) 0.02 0.609 (0.372–0.997) 0.049

Biologics 1.098 (0.727–1.657) 0.658  

Intestinal surgery 1.081 (0.741–1.576) 0.687  

PPI 1.292 (0.853–1.956) 0.226  

Heparin 0.999  

Chemotherapy 0.480 (0.067–3.433) 0.465  

Thyroid hormones 0.901 (0.375–2.163) 0.816  

Calcium and vitamin D 1.776 (1.15–2.744) 0.01 2.073 (1.13–3.804) 0.019

Biphosphonates 0.998  

CI, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IMM, immunomodulator; OR, odds ratio; PPI, 
proton pump inhibitor; PTH, parathyroid hormone.

Table 4. (Continued)
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Table 5. Univariate and multivariate (logistic) regression analysis of risk factors associated with worsening of metabolic bone 
disease category (n = 34). All variables that are statistically significant (p < 0.1 for this purpose) in univariate analysis and those that 
although not significant they are clinically or physiologically relevant were included in the multivariate analysis, and are highlighted 
in bold in the univariate column. A backwards strategy was used, and final statistically significant variables and their OR, CI and 
p value are presented in the multivariate column.

Univariate analysis Multivariate analysis

 OR and 95% CI p OR and 95% CI p

Age, years 1.014 (0.988–1.041) 0.294  

Female sex 2.861 (1.136–7.205) 0.026  

Calcium 0.889 (0.48–1.646) 0.708  

Vitamin D 1.029 (0.983–1.078) 0.223  

PTH 0.977 (0.923–1.034) 0.417  

Albumin 1.488 (0.442–5.004) 0.521 4.524 (0.843–24.294) 0,078

Tobacco 0.756 (0.439–1.3) 0.311  

Alcohol 1.526 (0.485–4.795) 0.471  

COPD 1.75 (0.19–16.151) 0.622  

Diabetes 0.999  

Hyperthyroidism 1  

Hypothyroidism 1.529 (0.415–5.632) 0.524  

CKD  

Liver disease 3.157 (0.774–12.87) 0.109  

Calcium disorders 0.999  

Hypogonadism  

Arthritis 3.141 (1.124–8.78) 0.029  

Menopause 3.225 (1.511–6.882) 0.002 18.072 (3.924–83.240) 0.000

Fractures 0.999  

>1 comorbidities 0.973 (0.116–8.172) 0.98  

Ulcerative colitis 1.847 (0.883–3.865) 0.103 3.181 (0,919–11.014) 0.068

Crohn’s disease 0.602 (0.288–1.26) 0.178  

Crohn’s disease Montreal Classification  

Age at diagnosis 1,354 (0.465–3.889) 0.585  

Localization 0.764 (0.421–1.389) 0.378  

Upper gastrointestinal disease 0.856 (0.102–7.217) 0.886  

Perianal disease 0.557 (0.118–2.635) 0.461  

Behaviour 1.699 (0.842–3.238) 0.107  

(Continued)
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Univariate analysis Multivariate analysis

 OR and 95% CI p OR and 95% CI p

Ulcerative colitis, Montreal Classification  

Extension 0.592 (0.306–1.145) 0.119  

Years since diagnosis 1.011 (0.995–1.027) 0.195  

Hospitalizations 1.035 (0.882–1.215) 0.671  

>3 hospitalizations 1.533 (0.583–4.029) 0.387  

Short intestine syndrome 0.999  

Corticoids 0.515 (0.244–1.089) 0.082  

IMM 1.225 (0.584–2.569) 0.591  

Biologics 0.332 (0.097–1.131) 0.078  

Intestinal surgery 1.235 (0.567–2.689) 0.595  

PPI 0.789 (0.308–2.019) 0.621  

Heparin 0.999  

Chemotherapy 0.999  

Thyroid hormones 1.758 (0.357–8.66) 0.488  

Calcium and vitamin D 0.734 (0.315–1.71) 0.474  

Biphosphonates 0.663 (0.082–5.351) 0.699  

Baseline hip DXA 1.762 (1.160–2.675) 0.008  

Baseline lumbar DXA 1.935 (1.307–2.865) 0.001 7.434 (2.697–20.491) 0.000

Treatments after first DXA  

Calcium and vitamin D 0.973 (0.448–2.114) 0.946  

Biphosphonates 1.718 (0.349–8.463) 0.506  

Biphosphonates + calcium 0.827 (0.181–3.771) 0.806  

IBD treatment 0.85 (0.398–1.819) 0.676  

Corticosteroids 1.602 (0.74–3.467) 0.232  

IMM 0.53 (0.119–2.353) 0.403  

Biologics 1.339 (0.475–3.773) 0.58  

Biologics + IMM 0.886 (0.193–4.063) 0.876  

Surgery 2.312 (0.447–11.966) 0.318  

CI, confidence interval; CKD, chronic kidney disease; DXA, dual energy X-ray absorptiometry; COPD, chronic obstructive pulmonary disease; IMM, 
immunomodulator; OR, odds ratio; PPI: proton pump inhibitor; PTH, parathyroid hormone.

Table 5. (Continued)
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Table 6. Univariate (left) and multivariate (right) analysis (logistic) regression analysis of risk factors associated with decrease 
⩾1 SD in hip or lumbar T-score (n = 30). All variables that are statistically significant (p < 0.1 for this purpose) in univariate analysis 
and those that although not significant are clinically or physiologically relevant were included in the multivariate analysis, and are 
highlighted in bold in the univariate column. A backwards strategy was used, and final statistically significant variables and their OR, 
CI and p value are presented.

Univariate analysis Multivariate analysis

 OR and 95% CI p OR and 95% CI p

Age, years 1.027 (0.999) 0.062  

Female sex 1.658 (0.706–3.896) 0.246  

Calcium 0.710 (0.261–1.933) 0.503  

Vitamin D 1.016 (0.972–1.063) 0.474  

PTH 0.998 (0.967–1.03) 0.902  

Albumin 1.145 (0.359–3.655) 0.818  

Tobacco 0.823 (0.478–1.417) 0.482  

Alcohol 1.819 (0.568–5.821) 0.313  

COPD 3.707 (0.326–42.172) 0.291  

Diabetes 0.999  

Hyperthyroidism 1  

Hypothyroidism 1.036 (0.224–4.799) 0.964  

CKD 0.999  

Liver disease 2.512 (0.483–13.055) 0.273  

Calcium disorders 1  

Hypogonadism  

Arthritis 1.923 (0.597–6.192) 0.273  

Menopause 3.822 (1.713–8.529) 0.001 9.467 (2.411–37.169) 0.001

Fractures 0.999  

>1 comorbidities 1.02 (0.121–8.589) 0.986  

Ulcerative colitis 3.129 (1.397–7.009) 0.006 6.813 (1.82–25.503) 0.004

Crohn’s disease 0.358 (0.16–0.802) 0.012  

Crohn’s disease Montreal Classification  

Age at diagnosis 1.807 (0.526–6.207) 0.347  

Localization 0.644 (0.316–1.31) 0.225  

Upper gastrointestinal disease 0.999  

Perianal disease 0.926 (0.186–4.617) 0.925  

Behaviour 1.61 (0.759–3.415) 0.214  

(Continued)
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Univariate analysis Multivariate analysis

 OR and 95% CI p OR and 95% CI p

Ulcerative colitis, Montreal Classification  

Extension 0.933 (0.49–1.779) 0.834  

Years since diagnosis 1.016 (0.983–1.05) 0.349  

Hospitalizations 0.88 (0.701–1.104) 0.27  

>3 hospitalizations 0.431 (0.098–1.9) 0.266  

Short intestine syndrome 0.999  

Corticoids 0.246 (0.112–0.539) 0.000  

IMM 1.063 (0.488–2.319) 0.877  

Biologics 0.672 (0.245–1.846) 0.441  

Intestinal surgery 1.363 (0.614–3.025) 0.447  

PPI 0.947 (0.364–2.463) 0.911  

Heparin 0.999  

Chemotherapy 0.999  

Thyroid hormones 2.122 (0.42–10.727) 0.363  

Calcium and vitamin D 0.56 (0.218–1.439) 0.229  

Biphosphonates 0.999  

Baseline hip DXA 1.628 (1.049–2.527) 0.03  

Baseline lumbar DXA 1.567 (1.066–2.303) 0.022 2.981 (1.427–6.228) 0.004

Treatments after first DXA  

Calcium and vitamin D 0.693 (0.295–1.632) 0.402  

Biphosphonates 0.801 (0.098–6.553) 0.836  

Biphosphonates + calcium 0.902 (0.197–4.132) 0.894  

IBD treatment 0.616 (0.269–1.409) 0.251  

Corticosteroids 1.123 (0.486–2.595) 0.786  

IMM 0.279 (0.036–2.14) 0.219  

Biologics 1.477 (0.52–4.195) 0.464  

Biologics + IMM 0.435 (0.056–3.407) 0.428  

Surgery 3.043 (0.563–16.433) 0.196  

CI, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DXA, dual energy X-ray absorptiometry; IMM, 
immunomodulator; OR, odds ratio; PPI, proton pump inhibitor; PTH, parathyroid hormone.

Table 6. (Continued)
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Discussion
Osteoporosis is an architectural disorder of the 
bone, characterized by reduced mass affecting 
both cortical and trabecular bone, and that con-
fers a higher risk of fractures. Osteoporosis is a 
frequent condition in the general population: in 
Spain, its prevalence among women older than 
45 years ranges between 9.1% and 36.5%,11,12 
whereas in men older than 50 years it ranges 
between 1.1% and 14.9%.13,14 Nevertheless, 
these numbers are markedly lower in the younger 
population: as an example, a Spanish study that 
included women younger than 45 years reported a 
prevalence of 0.17% when mineral density was 
measured in the femoral neck, and of 0.34% 
when assessed in the lumbar spine.15

In the present study, describing the largest 
European cohort of IBD patients in whom bone 
density is analysed, osteoporosis was diagnosed in 
21.4% of patients. Therefore, the prevalence of 
osteoporosis in IBD seems to be significantly 
higher than in an age-matched general popula-
tion. Such a high prevalence, considering that 
mean age of the cohort is 44.9 years, is similar to 
reports from other studies from Southern 
European countries.16–18 Nevertheless, it is man-
datory to consider that the present and the vast 
majority of previous studies include selected 
patients from referral centres; that is, patients 
with risk factors for the development of MBD 
such as a more severe intestinal disease; this fact 
might explain, at least in part, the wide variability 
of prevalence rates reported in the literature, 
ranging from 13% in a population-based Dutch 
study19 to 42% of IBD patients in hospital-based 
cohort from Israel.20 In addition, such differences 
in severity and prevalence of MBD might be 
related, among other factors, with the severity of 
the underlying disease, in our study only patients 
with previously recognized risk factors for MBD 
are included, and with region of living reflecting 
differences in prevalence of vitamin D deficiency 
due to dietary intake and sun exposure. 
Nevertheless, studies performed in Southern 
European regions, or in a country next to the 
equator such Sri Lanka21 found similar preva-
lence rates of osteoporosis among IBD patients 
than other reports from northern European coun-
tries.19,22,23 In contrast with the majority of previ-
ously published studies,24,25 we found a higher 
MBD prevalence in UC compared with CD, 
despite the fact that CD patients had a signifi-
cantly higher rate of active smoking, IMM and 

biologic treatment, hospital admissions and pre-
vious surgery than those diagnosed with UC. 
Nevertheless mean age of UC patients and pro-
portion of postmenopausal women in our study 
were significantly higher than in CD affected 
individuals; and, as in the present report, age has 
been uniformly described as a risk factor for the 
development of MBD in IBD patients.17–19,21,26

Lower bone mineral density in IBD patients may 
be the consequence of the development of the 
skeleton during childhood and adolescence, in 
the case of paediatric-onset IBD, or excessive 
bone loss thereafter, due to malabsorption or to 
an increased bone resorption rate.4 Thus, IBD 
patients are at subsequent higher risk of MBD 
due to corticosteroid treatment, immobilization 
due to hospitalizations, nutritional deficiencies 
and systemic inflammation; in fact, we have iden-
tified the albumin level as a protective factor for 
osteoporosis, and more than three hospitaliza-
tions in the last 5 years as a risk factor of MBD. 
Several studies, especially those published before 
2000, suggest that worsening of bone density is 
associated with corticosteroid therapy in IBD 
patients.20,23,25–31 In the present study, corticos-
teroid therapy has been identified as a risk factor 
for MBD (both osteopenia and osteoporosis), but 
not for osteoporosis, in the cross-sectional study. 
Nevertheless, in the longitudinal study, with a 
mean follow up of more than 4.6 years, corticos-
teroid treatment seems to be a protective factor 
for the decrease ⩾1 SD in hip or lumbar T-score 
in the univariate analysis (OR 0.246; CI 
95% = 0.112–0.539, p = 0.000), although this 
association disappears when the elected variables 
are included in the model. As mentioned previ-
ously, in the year 2000 the British Society of 
Gastroenterology published its recommendations 
about osteoporosis and IBD.8 They encouraged 
evaluating bone density in IBD postmenopausal 
women, men aged 55 or more, in patients under 
corticosteroid treatment and when a fragility frac-
ture is diagnosed. General measures as advising 
exercise, adequate dietary calcium intake, quit 
smoking and diminish alcohol intake were also 
suggested. They also recommended prevention 
or treatment of bone loss while on corticosteroid 
treatment, keeping to a minimum duration of 
therapy and prescribing concurrently 800 units of 
vitamin D daily. Since then, cotreatment with 
steroids and vitamin D is a standard of practice in 
our units. The American Gastroenterological 
Association guidelines9 also recommend vitamin 
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D cotreatment while on corticosteroids, and in all 
patients with proven osteoporosis or at high risk 
for osteoporosis. Finally, European Crohn and 
Colitis Organization (ECCO) guidelines32 rec-
ommend adding calcium and vitamin D in 
patients with corticosteroid treatment if the dura-
tion of therapy is likely to be more than 6 weeks 
(but suggested in all patients), as well as other 
patients at risk of bone fracture as osteoporosis 
and osteopenia. Therefore, the results found in 
our study, on which every included patient under 
steroid treatment received concomitant supple-
ments of calcium plus vitamin D, support the fact 
that adhering clinical practice guidelines by treat-
ing physicians may reduce steroid-related bone 
loss. In our study, medical prescription of this 
cotreatment was confirmed by chart review in 
every patient, in contrast with other studies in 
which calcium and vitamin D supplementation 
prescription is around 53–58%.33 However, the 
adherence to the therapy was not controlled by 
specific methods. Adherence to calcium and vita-
min D supplements in postmenopausal women is 
around 70% in previous studies.34

On the other hand, thiopurine treatment, both in 
monotherapy and in combination with anti-TNFα 
agents, has been previously described as a protec-
tive factor for MBD among IBD patients.35,36 Our 
cross-sectional study confirmed this beneficial 
effect of IMM, although we could not demonstrate 
it in the longitudinal study; this fact could be 
related with an insufficient sample size. Moreover, 
omeprazole treatment was associated with osteo-
porosis in our univariate analysis, but multivariate 
analysis failed to confirm this detrimental effect in 
both cross-sectional and longitudinal studies. 
Although PPIs have been associated with hip frac-
tures in the general population,37 precise mecha-
nisms by which it develops are not clear, as there is 
no a defined relationship with calcium absorption 
and risk of osteoporosis.38,39 In all the studies, the 
magnitude of the association is modest and could 
be related to confounding factors. Our observation 
of diminution of hip T-score associated with ome-
prazole might be a consequence of an additive 
effect of disease activity; PPIs are drugs often used 
as gastroprotective cotreatment when adminis-
tered simultaneously with potential gastro-lessive 
drugs, including steroids. Anyway, this finding 
deserves further investigation.

This study has several weak points to consider. It is 
a retrospective evaluation, from two referral 

centres with probable sample bias and many 
excluded patients due to missing data; an impor-
tant confounding variable such as body mass index 
was not recorded in every patient and has not been 
included in the analysis. The retrospective evalua-
tion of the selected high-risk population might 
imply selection bias as the physicians may have 
missed some high-risk patients due to personal 
interpretation of the risk factors. On the other 
hand, IBD activity, a key factor related to MBD 
development, systematically measured by stand-
ardized clinical and endoscopic scores should have 
been considered; the retrospective nature of our 
study prevented us to reliably conclude about this 
point, but further studies considering these scores 
and MBD are guaranteed. However, the quite big 
sample number may permit a high-confidence 
extrapolation. In summary, the present study con-
firms that MBD is a frequent complication in 
southern European IBD patients. Special attention 
must be paid to elderly and male patients, UC 
patients and those requiring corticosteroids or hos-
pitalizations. Early evaluation of bone density, and 
calcium and vitamin D prophylaxis while on corti-
costeroid treatment should be carried out in every 
IBD patients at risk for MBD.
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