
Journal of Enterocolitis
Bone Mineral Density in Inflammatory Bowel Disease

Koroglu et al.

Original Article

Risk Factors Affecting Bone Mineral Density in Inflammatory 
Bowel Diseases

Mehmet Koroğlu1 , Muhammed Ali Ayvaz2 , Nurettin Tunç3 , Nuriye Esen Bulut4 , Celal Ulaşoğlu5 , 
İlyas Tuncer5 , Ümit Akyüz1

1Department of Gastroenterology, University of Health Sciences, Fatih Sultan Mehmet Training and Research Hospital, İstanbul, 
Turkey
2Department of Gastroenterology, Teaching hospital of the Ludwig-Maximilian University, Munich, Germany
3Department of Gastroenterology, Memorial Hospital, Diyarbakır, Turkey
4Department of General Surgery, University of Health Sciences, Fatih Sultan Mehmet Training and Research Hospital, İstanbul, 
Turkey
5Department of Gastroenterology, University of Medeniyet, Prof. Dr. Suleyman Yalcin Hospital, İstanbul, Turkey

Cite this article as: Koroğlu M, Ali Ayvaz M, Tunç N, et al. Risk factors affecting bone mineral density in inflammatory bowel diseases. 
J Enterocolitis. 2022;1(3):61-67.

Corresponding author: Mehmet Koroğlu, e-mail: mehmedkoroglu@hotmail.com 
Received: November 30, 2022 Accepted: December 19, 2022
DOI:10.5152/Jenterocolitis.2022.221729

Abstract

Objective: Bone mineral density is usually decreased in inflammatory bowel diseases. Patients with inflammatory bowel diseases seem to have a multifactorial 
pathogenesis of their osteoporosis. The aim of our study is to determine the risk factors affecting bone mineral density in inflammatory bowel diseases. The aim 
of our study is to determine the risk factors affecting bone mineral density in inflammatory bowel diseases.
Methods: This is a cross-sectional, multicenter study involving 121 ulcerative colitis, 129 Crohn’s disease patients, and 65 healthy controls.
Results: The difference between Crohn’s disease and healthy controls in terms of osteopenia, osteoporosis, low bone mineral density, and T- and Z-scores were 
strongly significant (P < .01). Also the difference between T- and Z-scores in terms of osteopenia and low bone mineral density was strongly significant between 
ulcerative colitis and healthy controls (P < .01), in terms of osteoporosis, it was significant between ulcerative colitis and healthy controls (P < .05). In logistic 
forward stepwise analysis, disease activity and >5 g cumulative corticosteroid dose use were determined as risk factors for osteopenia, osteoporosis, and low 
bone mineral density in Crohn’s disease. Disease activity and use of >5 g corticosteroid for osteopenia, body mass index and >5 g corticosteroid use for osteo-
porosis, and >5 g corticosteroid use for low bone mineral density were determined as risk factors in ulcerative colitis.
Conclusion: Bone mineral density in inflammatory bowel diseases is significantly lower than that in healthy individuals. Low bone mineral density is mostly 
found in Crohn’s disease. Factors affecting bone mineral density are multifactorial in inflammatory bowel diseases, and it is widely accepted that bone mineral 
density is reduced. It is important to perform dual-energy x-ray absorptiometry regularly for patients with risk factors.
Keywords: Bone mineral density, Crohn’s disease, ulcerative colitis

INTRODUCTION
Inflammatory bowel diseases (IBD) are divided into Crohn's disease (CD) and ulcerative colitis (UC). Bone mineral density (BMD) is usually 
decreased in IBD.1 The factors leading to osteoporosis (OP) in IBD are multifactorial and can be divided into 2 groups as non-modifiable (e.g., 
genetic factors, age, female gender, menopause) and modifiable (e.g., sedentary lifestyle, alcohol, smoking, corticosteroids (Cs), hypogonadism, 
calcium and vitamin D deficiency, malnutrition, low body mass index (BMI)).2-4 There are opinions that interleukin (IL)-6 may cause loss of BMD 
by affecting osteoblast differentiation whereas NOD2 mutations do not pose a risk for loss of BMD.5,6 However, patients with newly diagnosed 
CD who have not received prior Cs have low BMD.6 Combination therapy with an immunomodulator + anti-TNF alpha (tumor necrosis factor) 
increases BMD in IBD patients. This is the rationale for early aggressive anti-inflammatory therapy of IBD patients with a complicated disease 
course and disease activity.7 Age-related bone loss may be slowed down by vitamin D and calcium supplementation.8 In IBD patients, negative 
systemic calcium balance is considered as one of the important factors in association with vitamin D deficiency.9

METHODS
Patients and Study Design
This is a cross-sectional, multicenter study involving 121 UC, 129 CD patients, and 65 healthy controls (HC) including patients from 3 hospitals. It 
was conducted between January 2018 and July 2021. The diagnosis of UC and CD was made according to clinical, radiographic, endoscopic, and 
histopathological features. Demographic and clinical features of all patients, including age, gender, age at diagnosis, duration and localization of 
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disease, menopausal status, smoking, and used drugs were recorded. All 
data were analyzed anonymously. The BMDs of the lumbar spine (L2-
L4), left femoral neck, and total femur were measured by dual-energy 
x-ray absorptiometry (DXA; Prodigy, GE Medical systems Lunar, 
Wis, USA) reported as BMD T- and Z- scores. Low BMD was defined 
according to World Health Organization criteria. T-scores greater than 
1 standard deviation (SD) were categorized as normal, while T-scores 
between 1.0 and 2.5 SD and less than 2.5 SD were classified as diagnos-
tic for osteopenia (OPe) and OP, respectively.10

Patients with diabetes mellitus, cancer, pregnancy, diseases that alter 
bone mass (such as thyroid disease, chronic kidney failure, chronic 
obstructive pulmonary disease, chronic liver disease, and systemic 
lupus erythematosus) and postmenopausal women under hormonal 
replacement therapy were excluded. The same exclusion criteria were 
used in the control group, with no difference in age and gender accord-
ing to UC and CD. Healthy controls consisted of healthy adults. The 
control group included humans without the use of drugs affecting bone 
turnover and who had no metabolic bone disease or bowel resection 
previously.

Statistical Analysis
The statistical analysis was carried out using Statistical Package for the 
Social Sciences version 26.0. (IBM SPSS Corp.; Armonk, NY, USA). 
The Shapiro–Wilk test was used as a homogeneity test. Mann–Whitney 
U test of significance when appropriate for quantitative data as sig-
nificance test, chi-square test for qualitative data, and logistic stepwise 
forward regression analysis were used to identify risk factors. Unless 
otherwise stated, results are given as mean ± SD. To compare the dis-
tribution of normal BMD, OPe, and OP between the 2 patient groups, 
2 × 3 contingency tables were used for the chi-square test. P < .05 was 
accepted as significant and P < .01 was accepted as strongly significant.

RESULTS
A total of 315 subjects, 129 with CD (71 male), 121 with UC (65 male), 
and 65 HC (33 male) were admitted to the study. The mean ages of CD, 
UC, and HC were 39.9 ± 13.5, 41.14 ± 12.6, and 42.38 ± 12.7, respec-
tively. There was no difference between the groups regarding age and 
gender (P > .05) (Table 1).

While the difference in BMD between CD and UC was significant (P 
< .05), the difference was strongly significant in relation to T- and Z- 
scores (P < .01). The difference between CD and HC in terms of OPe, 
OP, low BMD, T- and Z- scores was strongly significant (P < .01), 

while the difference between T- and Z- scores in terms of OPe and low 
BMD was strongly significant between UC and HC (P < .01) and in 
terms of OP was significant between UC and HC (P < .05) (Table 2).

In CD, disease duration affected OPe, OP, and low BMD (P = .032, 
P = .018, P = .013, respectively). Azathioprine affected OP (P = .049). 
Disease activity was significant with OPe (P = .001) and strongly sig-
nificant with OP and low BMD (P < .001). The relationship between 
Cs>5 g and OPe, OP, and low BMD was strongly significant (P < .001) 
(Table 3).

In UC elderly patients, late onset of disease and low BMI affected OP 
(P = .036, P = .023, P = .003 respectively). Both disease activity and 
Cs>5 g were strongly significant (P < .001) with OPe, OP, and low 
BMD (Table 4).

In CD, logistic forward stepwise analysis revealed that disease activ-
ity and >5 g Cs usage were risk factors for OPe, OP, and low BMD. 
The results of the risk analysis for disease activity regarding OPe, 
OP, and low BMD in CD were as follows: odds ratio (OR): 7.295 
(95% CI: 1.473-36.138), P = .015; OR: 9.369 (95% CI: 1.678-52.307), 
P = .011; and OR: 7.47 (95% CI: 1.601-34.859), P = .11, respectively. 
When risk analysis was performed in CD patients taking Cs, we had 
the following results regarding OPe, OP, and low BMD: OR: 11.624 
(95% CI: 2,439-55.391), P = .002; OR: 7.32 (95% CI:1.273-42.09), 
P = .026; OR: 10.091 (CI 95%: 2.199-46.302), P = .003 respectively 
(Table 5).

MAIN POINTS

• Bone mineral density (BMD) in inflammatory bowel disease (IBD) 
patients is significantly lower than that in healthy individuals. Low 
BMD is mainly seen in Crohn’s disease (CD).

• Factors affecting BMD are multifactorial in IBD, and it is widely 
accepted that BMD is reduced.

• Factors affecting BMD in CD are azathioprine, disease duration, dis-
ease activity, and use of corticosteroids (Cs). Disease activity and Cs 
use are risk factors for BMD reduction.

• Factors affecting BMD in ulcerative colitis (UC) are age, late-onset 
disease, body mass index (BMI), disease activity, and Cs use. Risk fac-
tors are low BMI, disease activity, and use of Cs.

• It is important to perform dual-energy x-ray absorptiometry regularly 
for patients with risk factors.

Table 1. Baseline Demographic and Clinical Features of Patients with CD and 
UC and HC.

Variable CD UC HC P
Number of patients 129 121 65
Age (years) 39.9 ± 13.45 41.14 ± 12.56 42.38 ± 12.70 >.05a

Age at diagnosis (years) 34.58 ± 12.89 36.74 ± 12.07
Gender
 Male (%) 71 (55%) 65 (53.7%) 33 (50.8%) >.05b

Menopause 16 (12.4%9) 12 (9.9%) 4 (6.2%) >.05a

Smokers (%) 48 (37.2%) 25 (25.6%) 10 (15.4%)
Disease duration (years) 5.41 ± 5.74 4.40 ± 4.35
Remission period 2.47 ± 3.91 2.93 ± 3.60
BMI (kg/m2) 23.74 ± 5.07 25 85 ± 4.84 26.41 ± 5.59
Disease activity (%) 44 (34.1%) 30 (24.8%)
Cs used (>5 g) 42 (36.5%) 27 (23.9%)
AZA (≤6 months) 69 (53.5%) 22 (18.2%)
TNF-α (≤6 months) 14 (10.9%) 6 (5.0%)
Disease localization (%)
CD
 Ileal (L1) 43 (33.3%)
 Colonic (L2) 20 (15.5%)
 Ileocolonic (L3) 66 (51.2%)
UC
 Ulcerative proctitis 
(E1)

15 (12.4%)

 Left-sided UC (E2) 61 (50.4)
 Extensive UC (E3) 45 (37.2%)
Operation (bowel 
resection)

25 (19.4%) 2 (1.7%)

AZA, azathioprine; CD, Crohn's disease; Cs, corticosteroids; HC, healthy controls; TNF-α, 
tumor necrosis factor-α; UC, ulcerative colitis.
*P < .05, aANOVA test, bChi-square test.
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In UC, disease activity and use of >5 g Cs were defined as risk factors 
for OPe whereas BMI and >5 g Cs usage were defined as risk factors 
for OP, and for low BMD, >5 g Cs usage was defined as a risk factor 
in the logistic forward stepwise analysis. The correlation with BMD in 
UC was again inverse, with active disease being significantly associ-
ated with OPe, OP, and low BMD. A correlation was found with OPe 
in risk analysis in UC (OR: 3.462 (95% CI: 1.018-11.777), P = .047). 
The risk analysis for UC patients taking Cs regarding OPe, OP, and 
low BMD was as follows: OR: 4.268 (95% CI: 1.284-14.19), P = .018; 
OR: 11.327 (95% CI: 1.771-72.46), P = .01; OR: 5.239 (95% CI: 1.67-
16.43), P = .005, respectively (Table 6).

DISCUSSION
The mechanism of bone loss is not definitely answered yet. Bone loss 
initially was being attributed to the use of drugs such as Cs. However, 
low BMD is observed in studies conducted with IBD patients without 
any treatment, implying that this inflammatory mechanism contrib-
utes to the process.11 Disease duration and activity are associated with 
lower BMD values.12 Some drugs used to treat IBD cause changes in 
BMD. It is well known that Cs use is a risk factor for OP, whereas 

AZA and anti-TNF-alpha therapy are known to contribute to increasing 
bone mass.4,13 A decrease in BMD is related to a raised risk of frac-
ture. Patients with IBD have a 40% higher risk of fractures than the 
normal population, resulting in increased morbidity and reduced qual-
ity of life.13 Bone fractures were not noted in our study, so we were 
unable to provide a reliable explanation and interpretation. Inadequate 
diagnosis and treatment of bone disease in IBD contribute to morbid-
ity. Publications on this topic show that more than 80% of fractures in 
patients with IBD did not receive prior appropriate treatment for the 
diagnosis of OPe or OP.14 The aim of our study is to determine the risk 
factors affecting BMD in IBD.

Some studies have shown a higher prevalence of low BMD in patients 
with CD than in patients with UC,4 while this difference is not clear in 
other studies. Two-thirds of patients with IBD have lower BMD than 
healthy individuals.15 In a study by Lima et al.16 195 subjects (60 CD, 
68 UC, and 67 HC) were investigated. The majority of patients with 
UC (97.1%) and CD (73.3%) were in clinical remission; 28 (41.2%) of 
UC and 32 (53.3%) of CD patients had abnormal BMDs in the study. 
Osteoporosis was found in 2 (2.9%) patients in UC and in 7 (11.7%) 

Table 2. Baseline BMD of Patients with CD and UC and HC

Variable CD UC P CD HC P UC HC P
Number of patients 129 121 129 65 121 65
Lumbar T-score −1.55 ± 1.22 −1.09 ± 1.12 <.001a* −1.55 ± 1.22 −0.35 ± 1.18 <.001a** −1.09 ± 1.12 −0.35 ± 1.18 <.001a**
Lumbar Z-score −1.21 ± 1.13 −0.82 ± 1.03 <.001a* −1.21 ± 1.13 0.14 ± 1.05 <.001a** −0.82 ± 1.03 0.14 ± 1.05 <.001a**
Femur T-score −1.38 ± 1.03 −0.85 ± 1.10 <.001a* −1.38 ± 1.03 −0.46 ± 1.00 <.001a** −0.85 ± 1.10 −0.46 ± 1.00 <.001a**
Femur Z-score −1.03 ± 0.91 −0.56 ± 0.94 <.001a* −1.03 ± 0.91 0.19 ± 0.93 <.001a** −0.56 ± 0.94 0.19 ± 0.93 <.001a**
BMD
Normal (%) 33 (25.6%) 51 (42.1%) 33 (25.6%) 49 (75.4%) 51 (42.1%) 49 (75.4%)
OPe (%) 63 (48.8%) 54 (44.6%) .042 b* 63 (48.8%) 14 (21.5%) <.001b** 54 (44.6%) 14 (21.5%) <.001b**
OP (%) 33 (25.6%) 16 (13.2%) .002 b** 33 (25.6%) 2 (3.1%) <.001b** 16 (13.2%) 2 (3.1%) .004 b**
Low BMD (%) 96 (74.4%) 70 (57.8%) .006b** 96 (74.4%) 16 (24.6%) <.001b** 70 (57.8%) 16 (24.6%) <.001b**
BMD, bone mineral density, CD: Crohn's disease; HC, healthy controls; OPe, osteopenia; OP, osteoporosis; UC, ulcerative colitis.
**P < .01; *P < .05; aMann–Whitney U test; bChi-square test; P, significant.

Table 3. Differences in Variable Between Patients with Normal, OPe, OP, and Low BMD in CD with DXA

Variable Normal OPe P Normal OP P Normal Low BMD P
Age (years) 40 ± 13.6 38.95 ± 12.3 ns 40 ± 13.6 41.97 ± 15.80 ns 40 ± 13.6 39.99 ± 

13.64
ns

Age at diagnosis (years) 36.6 ± 13.81 33.29 ± 11.31 ns 36.6 ± 13.81 34.97 ± 14.78 ns 36.6 ± 13.81 33.8 ± 12.55 ns
BMI (kg/m2) 24.5 ± 3.94 23.58 ± 5.58 ns 24.5 ± 3.94 23.26 ± 5.12 ns 24.5 ± 3.94 23.47 ± 5.4 ns
Disease duration (years) 3.33 ± 3.25 5.67 ± 5.66 .032a* 3.33 ± 3.25 7.00 ± 7.21 .018a* 3.33 ± 3.25 6.13 ± 6.23 .013 a*
Remission period (years) 2.18 ± 2.31 2.83 ± 4.87 ns 2.18 ± 2.31 2.06 ± 3.03 ns 2.18 ± 2.31 2.56 ± 4.32 ns
Gender: Male (%) 19 (26.8%) 29 (40.8%) ns 19 (26.8%) 23 (32.4%) ns 19 (26.8%) 52 (73.2%) ns
Menopause (%) 4 (12.1%) 9 (14.3%) ns 4 (12.1%) 3 (9.1%) ns 4 (12.1%) 12 (23.4%) ns
Smokers (%) 14 (10.9%) 22 (17.1%) ns 14 (10.9%) 12 (9.3%) ns 14 (10.9%) 34 (26.4%) ns
Disease activity (%) 2 (1.6%) 23 (17.8%) .001b** 2 (1.6%) 19 (14.7%) <.001b** 2 (1.6%) 42 (32.5%) <.001b**
Cs used (>5 g) 2 (1.6%) 23 (17.8%) <.001b** 2 (1.6%) 17 (13.2%) <.001b** 2 (1.6%) 40 (31%) <.001b**
AZA (>6 monthly) 13 (10.1%) 35 (27.1%) ns 13 (10.1%) 21 (16.3%) .049b* 13 (10.1%) 56 (43.4%) .060b

TNF-α (≤6 monthly) 3 (2.3%) 6 (4.7%) ns 3 (2.3%) 5 (5.9%) ns 3 (2.3%) 11 (10.6%) ns
Disease localization ns ns ns
 Ileal (L1) 10 (7.8%) 21 (16.3%) 10 (7.8%) 12 (9.3%) 10 (7.8%) 33 (25.6%)
 Colonic (L2) 4 (3.1%) 9 (7%) 4 (3.1%) 7 (5.4%) 4 (3.1%) 16 (12.4%)
 Ileocolonic (L3) 19 (14.7%) 33 (25.6%) 19 (14.7%) 14 (10.9%) 19 (14.7%) 47 (36.5%)
Operation(Bowel Resection) 6 (4.7%) 13 (10.1%) ns 6 (4.7%) 6 (4.7%)  ns 6 (4.7%) 19 (14.8%) ns 
AZA, azathioprine; BMD, bone mineral density; BMI, body mass index; CD, Crohn’s disease; Cs, corticosteroids; DXA, dual-energy x-ray absorptiometry; OP, osteoporosis; OPe, osteo-
penia; TNF-α, tumor necrosis factor-α; UC, ulcerative colitis.
*P < .05; **P < .01; aMann–Whitney U test; bChi-square test; cFisher Freeman Halton exact test.
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CD patients. Low BMD was found in 3 (4.5%) subjects in the control 
group.

In contrast, two-thirds of the IBD patients in our study group had low 
BMD, 96 (74.4%) subjects in CD and 70 (57.8%) subjects in UC. In 
Crohn’s Disease, OPe, OP, low BMD, T-and Z-Scores were signifi-
cantly lower in comparison to both UC and HC-group. Further, these 
values in UC were significantly lower compared with HC. The lower 
BMD in CD suggests that disease-related factors are more dominant. In 
our study, our OPe, OP, and low BMD rates were higher compared to 
Lima et al’s study. We think that the number of disease-active patients 

(44 (34.1%) in CD, 30 (24.8%) in UC) is higher and the age difference 
between the series is influential.

A recent study by Dar et al5 stated that IBD patients with lower BMI 
and use of Cs had lower BMD values, while smoking and male gen-
der were determined as risk factors of borderline importance. In our 
study, IBD patients with OP had low BMI and Cs use as risk factors. 
Interestingly, smoking and male gender were not linked with low BMD 
in our study cohort. An American cohort did not find any statistically 
significant difference in BMD between non-smokers and smokers.17 
This result was consistent with our findings.

Table 4. Differences in Variables Between Patients with Normal, OPe), OP, and Low BMD in UC with DXA

Variable Normal OPe P Normal OP P Normal Low BMD P
Age (years) 38.94 ± 10.85 41.78 ± 13.64 ns 38.94 ± 10.85 46 ± 12.99 .036a* 38.94 ± 10.85 42.74 ± 13.52 .090a

Age at Diagnosis 
(years)

34.71 ± 10.72 37.38 ± 13.27 ns 34.71 ± 10.72 41.88 ± 
10.95

.023a* 34.71 ± 10.72 38.42 ± 12.84 ns

BMI (kg/m2) 25.96 ± 4.23 26.81 ± 4.94 ns 25.96 ± 4.23 22.23 ± 4.97 0.003a* 25.96 ± 4.23 25.77 ± 5.28 ns
Disease duration 
(years)

4.24 ± 4.54 4.63 ± 4.24 ns 4.24 ± 4.54 4.13 ± 4.33 ns 4.24 ± 4.54 4.51 ± 4.24 ns

Remission period 
(years)

3.49 ± 4.36 2.78 ± 3.16 ns 3.49 ± 4.36 1.69 ± 1.54 ns 3.49 ± 4.36 2.53 ± 2.90 ns

Gender: Male (%) 30 (24.8%) 25 (20.7%) ns 30 (24.8%) 10 (8.3%) ns 30 (24.8%) 35 (29.0%) ns
Menopause (%) 4 (3.3%) 6 (5.0%) ns 4 (3.3%) 2 (2.7%) ns 4 (3.3%) 8 (7.7%) ns
Smokers (%) 10 (8.3%) 12 (9.9%) ns 10 (8.3%) 3 (2.5%) ns 10 (8.3%) 15 (12.4%) ns
Disease activity 
(%)

7 (5.8%) 16 (13.2%) .049b* 7 (5.8%) 7 (5.8%) 0.029c* 7 (5.8%) 23 (19.0%) .016b*

Cs used (>5 gr) 4 (3.3%) 17 (14.0%) .005b** 4 (3.3%) 6 (5.0%) 0.011c* 4 (3.3%) 23 (19.0%) .002b**
AZA (≤6 monthly) 6 (5.0%) 12 (9.9%) ns 6 (5.0%) 4 (3.3%) ns 6 (5.0%) 16 (13.2%) ns
TNF-α (≤6 
monthly)

3 (2.5%) 3 (2.5%) ns 3 (2.5%) 0 (0%) ns 3 (2.5%) 3 (2.5%) ns

Disease localization .074 ns .082
 Ulcerative Proctitis 
(E1)

9 (7.4%) 5 (4.1%) 9 (7.4%) 1 (0.8%) 9 (7.4%) 6 (4.9%)

 Left-Sided UC 
(E2)

20 (16.5% 33 (27.3%) 20 (16.5% 8 (6.6%) 20 (16.5% 41 (33.9)

 Extensive UC (E3) 22 (18.2%) 16 (13.2%) 22 (18.2%) 7 (5.8%) 22 (18.2%) 18 (19.0%)
Operation (bowel 
resection)

0 (%0) 1 (0.8%)  ns 0 (%0) 1 (0.8%)  ns 0 (%0) 2 (1.6%)  ns

AZA, azathioprine; BMD, bone mineral density; BMI, body mass index; CD, Crohn’s disease; Cs, corticosteroids; DXA, dual-energy x-ray absorptiometry; OP, osteoporosis; OPe, osteo-
penia; TNF-α, tumor necrosis factor-α; UC, ulcerative colitis.
*P <.05; **P < .01; aMann–Whitney U test; bChi-square test; cFisher Freeman Halton exact test.

Table 5. Forward Stepwise Regression Analysis in Variables Between Patients with OPe, OP, and Low BMD in CD with DXA

B S.E Wald df P OR
95% CI 
Lower

95% CI 
Upper

Osteopenia Step 1a >5 g Cs used (1) 2.453 0.797 9.482 1 .002 11.624 2.439 55.391
Disease activity 
entered

Disease activity (1) 1.987 0.816 5.924 1 .015 7.295 1.473 36.138

Constant 1.91 0.519 13.546 1 <.001 6.756
Osteoporosis Step 1a >5 g Cs used (1) 1.991 0.892 4.975 1 .026 7.32 1.273 42.09

Disease activity 
entered

Disease activity (1) 2.237 0.877 6.503 1 .011 9.369 1.678 52.307

Constant 1.041 0.491 4.488 1 .034 2.832
Low BMD Step 1a >5 g Cs used (1) 2.312 0.777 8.843 1 0.003 10.091 2.199 46.302

Disease activity 
entered

Disease activity (1) 2.011 0.786 6.546 1 .011 7.47 1.601 34.859

Constant 2.249 0.492 20.928 1 <.001 9.477
B, beta; S.E., standard estimate; P, significance.
BMD, bone mineral density; BMI, body mass index; CD, Crohn's disease; Cs, corticosteroids; DXA, dual x-ray absorptiometry; OP, osteoporosis; OPe, osteopenia; OR, odds ratio.
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Inflammatory bowel disease-related bone loss appears to be related to 
disease activity.18 In IBD, high levels of inflammatory cytokines (IL-1,  
IL-6, IL-11, IL-17, transforming growth factor (TGF)-α, TNF-α, epi-
dermal growth factor, and prostaglandin E2) are determined in the 
intestinal mucosa and peripheral blood.19,20 The main cytokine seems 
to be IL-6, which correlates negatively with BMD.19 Receptor activator 
of NF-κB ligand (RANKL) is also induced in these patients. Plasma 
osteoprotegerin levels were found to be 1.9 times higher in UC and 2.4 
times higher in CD, possibly representing a counterattempt to increase 
RANKL.20 Reffitt et al21 studied 137 subjects with IBD. Scores showed 
correlation between remission time and Z-score in both UC and CD. In 
active disease, femoral neck and lumbar spine Z-score were lower than 
those being in remission.

In our study, CD patients had a negative correlation between disease 
activity and BMD. We found a significant relationship between active 
disease and OPe, OP, and low BMD, which could be confirmed by a 
significant increase in the risk analysis for OPe, OP, and low BMD.

The correlation with BMD in UC was again inverse, with active dis-
ease being significantly associated with OPe, OP, and low BMD. The 
risk analysis in UC patients only delivered a significant relationship to 
OPe. The risk analysis in CD patients taking Cs demonstrated a 7.2, 
9.3, and 7.4 times increase in OPe, OP, and low BMD, respectively. 
The risk analysis in UC patients with Cs usage showed a 3.4 increase 
in OPe.

Corticosteroid therapy is supposed as a risk factor for bone loss.12 
Use of Cs leads to an imbalance between osteoblasts and osteo-
clasts on behalf of a shift of the osteoclasts. Corticosteroids increase 
osteoclast differentiation and activation leading to a decline in bone 
formation by inducing apoptosis of osteoblasts.22,23 Corticosteroids 
reduce BMD by several mechanisms, including stimulating osteoblast 
apoptosis, diminishing intestinal absorption of calcium, and increas-
ing renal calcium excretion.24 Long-term Cs use reduces BMD and 
has been involved with reduced bone density in patients with IBD, 
although some studies did not find such a connection.25 In a study of 
166 patients with IBD, Abraham et al26 showed that Cs use more than 
doubled the risk of low BMD (OR = 2.4 (1.5-3.6), P = .001). However, 
other studies did not reveal a clear association between low BMD and 
Cs use. In this sense, Andreassen et al27 found no context between 
BMD and Cs in a study comprising 113 CD patients. In a study by 
Jahnsen et al.,28 IBD patients were followed up with DXA for 2 years. 
No context was found between Cs use and BMD. There was no differ-
ence between the DXA measured at the end of 2 years and the initial 

DXA. Miznerova et al29 examined 76 IBD patients and did not found 
any correlation between Cs use and BMD, too. However, in another 
study, Silvennoinen et al30 examined risk factors and the prevalence 
of low BMD in patients with IBD. They showed that patients with 
a lifetime Cs >10 g had a significantly lower BMD compared to the 
Cs-free or <5 g Cs groups. In addition, there was no decrease in BMD 
in patients who did not receive Cs. The authors found a negative asso-
ciation between Cs and BMD.

According to the findings of our study, the relation between CS use 
>5 g and OPe, OP, and low BMD in CD and UC was strongly signifi-
cant compared to patients who did not receive Cs or received CS <5 g. 
The risk analysis in CD patients taking Cs demonstrated an 11.6, 7.3, 
10 times increase of OPe, OP, and low BMD, respectively. The risk 
analysis in UC patients with Cs usage showed a 4.2, 11.3, and 5.2 times 
increase in OPe, OP, and low BMD, respectively.

In a study by Walldorf et al.31 DXA of 173 patients with IBD was evalu-
ated. In the forward stepwise regression analysis (weight, BMI, gender, 
nicotine abuse, disease pattern and duration, treatment with Cs, AZA, 
anti-TNF-α treatment), gender, disease duration, and Cs treatment 
were influential on the presence of OP. It was predictive in 80.7% of 
OP cases. In male patients, the OR for OP was 3.9 (P = .025). The OR 
increased by 1.1 (P = .012) in disease duration and 1.02 (P = .003) in 
CS treatment. Wada et al32 evaluated 388 subjects with IBD by DXA. 
Multivariate regression analysis was performed. Risk factors for UC 
were low BMI, Cs dose, and disease localization. Risk factors for CD 
were male gender and low BMI.

In our study, disease duration and AZA use are additional factors 
affecting BMD in CD. There was a negative context between disease 
duration and BMD in CD. The longer the disease duration, the more 
the decrease in BMD. This suggested a greater effect of the disease 
on BMD rather than AZA. Increasing age, late onset of disease, and 
low BMI negatively affected BMD, whereas low BMI was a risk 
factor for OP in UC, furthermore. This emphasized the importance 
of BMI.

The hypothesis that disease activity is an independent risk factor for 
BMD is strengthened by the finding that patients using Cs and AZA 
are important predictors of BMD. A reversal relationship of AZA with 
BMD has not been demonstrated. In accordance, it was hypothesized 
that AZA is reversely associated with BMD because of its application 
in IBD patients with high inflammatory activity who require additional 
immune-suppressive medication.11 Little is known about the effects of 

Table 6. Forward Stepwise Regression Analysis in Variables Between Patients with OPe, OP, and low BMD in UC with DXA

B S.E Wald df P OR
95% CI 
Lower

95% CI 
Upper

OPe Step 1a >5 g Cs used (1) 1.451 0.613 5.605 1 .018 4.268 1.284 14.19
Disease activity 
entered

Disease activity (1) 1.242 0.625 3.953 1 .047 3.462 1.018 11.777

Constant 1.03 0.375 7.556 1 .006 2.802
OP Step 1a BMI −0.282 0.095 8.83 1 .003 0.754 0.626 0.908

>5 g Cs used entered >5 g Cs used (1) 2.427 0.947 6.571 1 .01 11.327 1.771 72.46
Constant 6.383 2.348 7.391 1 .007 591.541

Low BMD Step 1a >5 g Cs used (1) 1.656 0.583 8.065 1 .005 5.239 1.67 16.43
>5 g Cs used entered Constant 0.921 0.292 9.98 1 .002 2.512

BMD, bone mineral density; BMI, body mass index; Cs, corticosteroids; DXA, dual x-ray absorptiometry; OP, osteoporosis; OPe, osteopenia; OR, odds ratio; UC, ulcerative colitis.
B, beta; S.E., standard estimate, P, significant.
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AZA on BMD, although 1 study reported a correlation between AZA 
and BMD. This could be because of the underlying drug’s property to 
suppress disease activity and maintain remission induction rather than 
its direct effect on BMD.21

In our study, there was a reversal correlation between AZA and BMD. 
This may be because the number of active patients is high and the remis-
sion period is not taken into account. In addition, the duration of use 
of AZA was not taken into account. Since long-term use of AZA will 
prolong the remission period, it seems more likely to increase BMD.

The strongest feature of our study is that it was a multicenter study 
with the patients being chosen randomly and sequentially. One of the 
limitations of our study was the small number of patients, second that 
the vitamin D level was not included in the study, and third that eventu-
ally fractures were not considered. Prospective, long-term controlled, 
double-blind studies with more patients are needed to obtain more reli-
able results.

In conclusion, BMD reduction is evident in IBD. This is multifactorial 
and well known. Decrease in BMD is most common in CD. Factors 
leading to BMD reduction in CD are AZA, disease duration, disease 
activity, and Cs use, whereas increasing age, late-onset, low BMI, dis-
ease activity, and Cs use affect BMD in patients with UC. In cases of 
patients with risk factors and reduced BMD, the beginning of appropri-
ate treatment could reduce morbidity and mortality. For this reason, 
DXA should be performed in patients with risk factors and it is vital to 
initiate appropriate treatment for patients with low BMD. In general, 
we recommend to conduct DXA in IBD patients with increasing age, 
low BMI, long disease duration, late-onset disease, disease activity, 
and Cs use.

Ethics Committee Approval: This study was approved by the Ethics 
Committee of the University of Fatih Sultan Mehmet Training and Research 
Hospital. (Date: November 18, 2021, Decision No: E-170 73117-050.06.99).

Informed Consent: This study was designed retrospective cross-sectional.

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept – M.K., Ü.A.; Design – M.K., Ü.A.; 
Supervision – Ü.A., N.E.B.; Resources – M.K., M.A.A.; Materials – M.K., 
C.U., N.T.; Data Collection and/or Processing – M.K., Ü.A., M.A.A., N.T.; 
Analysis and/or Interpretation – C.U., M.K.; Literature Search – M.A.A., İ.T., 
N.E.B.; Writing Manuscript – M.K., M.A.A.; Critical Review – M.K., M.A.A., 
İ.T., N.E.B.

Declaration of Interests: The authors have no conflicts of interest to declare.

Funding: The authors declared that this study has received no financial 
support.

REFERENCES
1. Hidalgo DF, Boonpheng B, Phemister J, Hidalgo J, Young M. Inflamma-

tory bowel disease and risk of osteoporotic fractures: a meta-analysis. 
Cureus. 2019;11(9):e5810. [CrossRef]

2. Ratajczak AE, Rychter AM, Zawada A, Dobrowolska A, Krela-
Kaźmierczak I. Nutrients in the prevention of osteoporosis in patients 
with inflammatory bowel diseases. Nutrients. 2020;12(6). [CrossRef]

3. Nawrat-Szołtysik A, Miodońska Z, Zarzeczny R, et al. Osteoporosis in 
polish older women: risk factors and osteoporotic fractures: a cross-
sectional study. Int J Environ Res Public Health. 2020;17(10). [CrossRef]

4. Bernstein CN, Leslie WD. The pathophysiology of bone disease in gas-
trointestinal disease. Eur J Gastroenterol Hepatol. 2003;15(8):857-864. 
[CrossRef]

5. Even Dar R, Mazor Y, Karban A, Ish-Shalom S, Segal E. Risk factors for 
low bone density in inflammatory bowel disease: use of glucocorticoids, 
low body mass index, and smoking. Dig Dis. 2019;37(4):284-290. 
[CrossRef]

6. Kaneshiro S, Ebina K, Shi K, et al. IL-6 negatively regulates osteoblast 
differentiation through the SHP2/MEK2 and SHP2/Akt2 pathways in 
vitro. J Bone Miner Metab. 2014;32(4):378-392. [CrossRef]

7. Krajcovicova A, Hlavaty T, Killinger Z, et al. Combination therapy with 
an immunomodulator and anti-TNFalpha agent improves bone mineral 
density in IBD patients. J Crohns Colitis. 2014;8(12):1693-1701. 
[CrossRef]

8. Hubert PA, Lee SG, Lee SK, Chun OK. Dietary polyphenols, berries, and 
age-related bone loss: a review based on human, animal, and cell studies. 
Antioxidants (Basel). 2014;3(1):144-158. [CrossRef]

9. Ardesia M, Ferlazzo G, Fries W. Vitamin D and inflammatory bowel 
disease. BioMed Res Int. 2015;2015:470805. [CrossRef]

10. Sözen T, Özışık L, Başaran NÇ. An overview and management of osteo-
porosis. Eur J Rheumatol. 2017;4(1):46-56. [CrossRef]

11. Kobza AO, Herman D, Papaioannou A, Lau AN, Adachi JD. Understand-
ing and managing corti coste roid- induc ed osteoporosis. Open Access 
Rheumatol. 2021;13:177-190. [CrossRef]

12. Vanhelst J, Vidal F, Turck D, et al. Physical activity is associated with 
improved bone health in children with inflammatory bowel disease. Clin 
Nutr. 2020;39(6):1793-1798. [CrossRef]

13. Lamb CA, Kennedy NA, Raine T, et al. British Society of Gastroenterol-
ogy consensus guidelines on the management of inflammatory bowel 
disease in adults. Gut. 2019;68(suppl 3):s1-s106. [CrossRef]; Erratum 
in: Gut. PMID: 31562236; PMCID: PMC6872448. 2021;70(4):1. (https://
doi.org/10.1136/gutjnl-2019-318484corr1)

14. Nimmons D, Limdi JK. Elderly patients and inflammatory bowel disease. 
World J Gastrointest Pharmacol Ther. 2016;7(1):51-65. [CrossRef]

15. Soare I, Sirbu A, Martin S, et al. Assessment of bone quality with tra-
becular bone score in patients with inflammatory bowel disease. Sci Rep. 
2021;11(1):20345. [CrossRef]

16. Lima CA, Lyra AC, Mendes CMC, et al. Bone mineral density and 
inflammatory bowel disease severity. Braz J Med Biol Res. 
2017;50(12):e6374. [CrossRef]

17. Strozyk D, Gress TM, Breitling LP. Smoking and bone mineral density: 
comprehensive analyses of the third National Health and Nutrition Exam-
ination Survey (NHANES III). Arch Osteoporos. 2018;13(1):16. 
[CrossRef]

18. Sgambato D, Gimigliano F, De Musis C, et al. Bone alterations in inflam-
matory bowel diseases. World J Clin Cases. 2019;7(15):1908-1925. 
[CrossRef]

19. Kany S, Vollrath JT, Relja B. Cytokines in inflammatory disease. Int J 
Mol Sci. 2019;20(23):6008. [CrossRef]

20. Tobeiha M, Moghadasian MH, Amin N, Jafarnejad S. RANKL/RANK/
OPG pathway: a mechanism involved in exercise-induced bone remod-
eling. BioMed Res Int. 2020;2020:6910312. [CrossRef]

21. Reffitt DM, Meenan J, Sanderson JD, Jugdaohsingh R, Powell JJ, Thomp-
son RP. Bone density improves with disease remission in patients with 
inflammatory bowel disease. Eur J Gastroenterol Hepatol. 
2003;15(12):1267-1273. [CrossRef]

22. Bryant RV, Trott MJ, Bartholomeusz FD, Andrews JM. Systematic 
review: body composition in adults with inflammatory bowel disease. 
Aliment Pharmacol Ther. 2013;38(3):213-225. [CrossRef]

23. Kim JM, Lin C, Stavre Z, Greenblatt MB, Shim JH. Osteo blast -oste oclas 
t communication and bone homeostasis. Cells. 2020;9(9):116-123. 
[CrossRef]; PMID: 32927921; PMCID: PMC7564526. Gastroenterol-
ogy, 2011;140(1):116-123.

24. Seibel MJ, Cooper MS, Zhou H. Gluco corti coid- induc ed osteoporosis: 
mechanisms, management, and future perspectives. Lancet Diabetes 
Endocrinol. 2013;1(1):59-70. [CrossRef]

25. Yin Y, Lu X, Li Z, et al. Risk factors for worsening of bone loss in patients 
newly diagnosed with inflammatory bowel disease. Gastroenterol Res 
Pract. 2022;2022:1498293. [CrossRef]

26. Abraham BP, Prasad P, Malaty HM. Vitamin D deficiency and corticos-
teroid use are risk factors for low bone mineral density in inflammatory 
bowel disease patients. Dig Dis Sci. 2014;59(8):1878-1884. [CrossRef]

27. Andreassen H, Hylander E, Rix M. Gender, age, and body weight are the 
major predictive factors for bone mineral density in Crohn's disease: a 
case-control cross-sectional study of 113 patients. Am J Gastroenterol. 
1999;94(3):824-828. [CrossRef]

https://doi.org/10.7759/cureus.5810
https://doi.org/10.3390/nu12061702
https://doi.org/10.3390/ijerph17103725
https://doi.org/10.1097/00042737-200308000-00004
https://doi.org/10.1159/000496935
https://doi.org/10.1007/s00774-013-0514-1
https://doi.org/10.1016/j.crohns.2014.08.004
https://doi.org/10.3390/antiox3010144
https://doi.org/10.1155/2015/470805
https://doi.org/10.5152/eurjrheum.2016.048
https://doi.org/10.2147/OARRR.S282606
https://doi.org/10.1016/j.clnu.2019.07.018
https://doi.org/10.1136/gutjnl-2019-318484
https://doi.org/10.4292/wjgpt.v7.i1.51
https://doi.org/10.1038/s41598-021-99669-z
https://doi.org/10.1590/1414-431X20176374
https://doi.org/10.1007/s11657-018-0426-8
https://doi.org/10.12998/wjcc.v7.i15.1908
https://doi.org/10.3390/ijms20236008
https://doi.org/10.1155/2020/6910312
https://doi.org/10.1097/00042737-200312000-00003
https://doi.org/10.1111/apt.12372
https://doi.org/10.3390/cells9092073
https://doi.org/10.1016/S2213-8587(13)70045-7
https://doi.org/10.1155/2022/1498293
https://doi.org/10.1007/s10620-014-3102-x
https://doi.org/10.1111/j.1572-0241.1999.00866.x


Koroglu et al. Bone Mineral Density in Inflammatory Bowel Disease

67

28. Jahnsen J, Falch JA, Aadland E, Mowinckel P. Bone mineral density is 
reduced in patients with Crohn's disease but not in patients with ulcerative 
colitis: a population based study. Gut. 1997;40(3):313-319. [CrossRef]

29. Miznerova E, Hlavaty T, Koller T, et al. The prevalence and risk factors 
for osteoporosis in patients with inflammatory bowel disease. Bratisl Lek 
Listy. 2013;114(8):439-445. [CrossRef]

30. Silvennoinen JA, Karttunen TJ, Niemelä SE, Manelius JJ, Lehtola JK. A 
controlled study of bone mineral density in patients with inflammatory 
bowel disease. Gut. 1995;37(1):71-76. [CrossRef]

31. Walldorf J, Krummenerl A, Engler K, et al. Health care for osteoporosis 
in inflammatory bowel disease: unmet needs in care of male patients? J 
Crohns Colitis. 2013;7(11):901-907. [CrossRef]

32. Wada Y, Hisamatsu T, Naganuma M, et al. Risk factors for decreased 
bone mineral density in inflammatory bowel disease: a cross-sectional 
study. Clin Nutr. 2015;34(6):1202-1209. [CrossRef]

https://doi.org/10.1136/gut.40.3.313
https://doi.org/10.4149/bll_2013_092
https://doi.org/10.1136/gut.37.1.71
https://doi.org/10.1016/j.crohns.2012.12.008
https://doi.org/10.1016/j.clnu.2015.01.003

