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Abstract
Background. There are a variety of perspectives on the risk of osteoporotic fractures in inflammatory bowel 
disease (IBD), and few thorough assessments that are pertinent.

Objectives. We conducted a meta-analysis to assess the risk of osteoporotic fractures in IBD.

Materials and methods. A systematic literature search up to September 2022 was performed, and 
1,158,982 subjects participated in the baseline trials of the selected studies. A total of 261,829 patients had 
IBD, while 897,153 were controls. Odds ratio (OR) and mean difference (MD) with 95% confidence intervals 
(95% CIs) were calculated to measure the risk of osteoporotic fractures in IBD patients using contentious and 
dichotomous approaches with a random or fixed influence model.

Results. The presence of IBD resulted in significantly higher frequency of osteoporotic fractures (OR: 1.42, 
95% CI: 1.21–1.66, p < 0.001) compared to controls. Nevertheless, no significant differences in terms 
of osteoporotic fractures were found between ulcerative colitis (OR: 2.79, 95% CI: 0.88–8.87, p = 0.08) and 
Crohn’s disease (OR: 1.84, 95% CI: 0.81–4.18, p = 0.14) compared to controls.

Conclusions. This study found a strong correlation between the risk of osteoporotic fractures and inflam-
matory bowel disease. The small number of studies in certain comparisons requires care when analyzing 
the results.
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Introduction

The development of osteoporosis and osteoporotic frac-
tures is significantly influenced by inflammatory bowel 
disease (IBD), particularly ulcerative colitis and Crohn’s 
disease.1 The probability of developing osteoporosis var-
ies from 17% to 41%.2 Patients with IBD have higher rates 
of peripheral cortical and spinal trabecular osteoporosis. 
Young, amenorrheic women have clinical osteoporosis that 
is more severe.3 Patients are more likely to sustain osteopo-
rotic fractures due to the increased chance of developing 
osteoporosis. When compared to the general population, 
IBD patients may have a 40% higher incidence of fractures, 
which lowers their quality of life and increases their mor-
bidity.4 The mechanism by which IBD increases a patient’s 
risk of osteoporosis and osteoporotic fractures is complex. 
Numerous studies examining glucocorticoid use have not 
found a statistically significant increase in osteoporosis 
in  patients taking this medication.4 Patients with IBD 
are frequently prescribed steroids, and this can predis-
pose them to osteoporosis. Moreover, there seems to be 
a process affecting bone metabolism in IBD patients, such 
as a chronic inflammatory state that causes bone loss by ac-
tivating the tumor necrosis factor alpha (TNF-α)-mediated 
RANK/RANKL/osteoprotegerin pathway, which encour-
ages osteoclastogenesis.4 Secondary hyperparathyroidism, 
which is frequently prevalent due to the decreased absorp-
tion of vital nutrients including calcium and vitamin D, 
is another cause of osteoporosis.5 The goal of this study was 
to compile the most reliable data comparing IBD patients 
with control patients in terms of likelihood of developing 
osteoporotic fractures.

Objectives

The aim of the study was to determine the risk of osteo-
porotic fractures in patients with IBD.

Materials and methods

Information sources
The main goal of the current meta-analysis was to ap-

praise the risk of osteoporotic fractures in  IBD. Every 
selected study involved human research. Inclusion was 
unaffected by study size or language. Commentaries, re-
view papers and papers that did not that did not provide 
a measure of a relationship were excluded from the study. 
The complete course of the study is presented in Fig. 1. 
The following inclusion criteria had to be met for the pub-
lications to be selected for the meta-analysis:

1.  The study was either a controlled trial, observational, 
prospective, or retrospective study;

2.  Subjects with osteoporotic fractures make up the in
tended selected subjects for the meta-analysis;

3.  The intervention program included IBD;
4.  The study was about the risk of osteoporotic fractures 

in IBD.
Studies that had no comparison of outcomes within its 

protocol, research that did not examine IBD in subjects 
with osteoporotic fractures, and studies in subjects with-
out osteoporotic fractures or without IBD were excluded 
from the study.6

Search strategy

A protocol of search strategy followed the Population, 
Intervention, Comparison, Outcomes and Study (PICOS) 
concept, and was characterized as follows: “population” 
comprised patients with osteoporotic fractures “interven-
tion” or “exposure” concerned IBD treatment, whereas 
the “comparison” pertained IBD patients compared to con-
trols, osteoporotic fractures were the “outcomes”, and there 
were no restrictions regarding the study’s design.7

We conducted a thorough search of the OVID, Embase, 
Cochrane Library, PubMed, and Google Scholar databases 
up until September 2022, using an arrangement of key-
words and terms correlated with IBD, Crohn’s disease, 
osteoporotic fractures, and ulcerative colitis (cf. Table 1). 
To identify studies that did not show a relationship between 

Table 1. Search strategy for each database

Database Search strategy

PubMed
#1	 “inflammatory bowel disease” (MeSH terms) OR “osteoporotic fractures” (all fields)
#2	 “ulcerative colitis” (MeSH terms) OR “Crohn’s disease new” (all fields)
#3	 #1 AND #2

Embase
#1	 “inflammatory bowel disease”/exp OR “osteoporotic fractures”
#2	 “ulcerative colitis”/exp OR “Crohn’s disease”
#3	 #1 AND #2

Cochrane Library
#1	 “inflammatory bowel disease”: ti,ab,kw OR “osteoporotic fractures”: ti,ab,kw (word variations have been searched)
#2	 “ulcerative colitis”: ti,ab,kw OR “Crohn’s disease”: ti,ab,kw (word variations have been searched)
#3	 #1 AND #2

MeSH – medical subject headings; ti,ab,kw – terms in either title or abstract or keyword fields; exp – exploded indexing term.
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IBD patients and the controls regarding the risk of osteo-
porotic fractures, all retrieved papers were joined into 
an EndNote file, duplicates were eliminated, and the titles 
and abstracts were reviewed.

Selection process

The present study followed the meta-analysis of studies 
in the epidemiology statement, which was performed fol-
lowing an established protocol.

Data collection process

The criteria used to gather the data included the last 
name of the first author, country, population, the quanti-
tative and qualitative assessment technique, the informa-
tion source, the assessment of the results, and statistical 
analysis.8

Data items

When there were disparate findings from a single study 
on the risk of osteoporotic fractures in IBD, such data were 
collected independently.

Risk of bias assessment

Two authors individually evaluated the methodology 
of the designated articles to ascertain the possibility of bias 
in each study. The procedural quality was assessed using 
the “risk of bias instrument” from the Cochrane Handbook 

for Systematic Reviews of  Interventions Version 5.1.0 
(https://handbook-5-1.cochrane.org/). Each study was 
classified according to the appraisal criteria and was as-
signed with one of the 3 levels of the bias. A study was rated 
as having a low risk of bias if all the quality standards were 
met; if one or more requirements were not met or were 
not taken into account in a given study, such study was 
rated as having a moderate risk of bias. The study was 
considered to have a high risk of bias when one or more 
quality criteria were not met at all or were only partially 
met. Any discrepancies were addressed through a reas-
sessment of a given analyzed article.

Effect measures

Only studies that reported and assessed the influence 
of IBD in comparison to controls on the risk of osteo-
porotic fractures were subjected to sensitivity studies. 
A sensitivity and subclass analysis was utilized to compare 
the risk of osteoporotic fractures in IBD.

Synthesis methods

The current meta-analysis used a random-effects model 
with dichotomous and continuous techniques to calculate 
the odds ratio (OR) with a 95% confidence interval (95% 
CI). Additionally, we decided to evaluate the I2 index, with 
a range of 0–100%. Meta-analyses use either a fixed-effect 
or a random-effects statistical model. A fixed-effect meta-
analysis assumes that all studies are estimating the same 
(fixed) treatment effect, whereas a  random-effects 

Fig. 1. Flowchart of the study process
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meta-analysis allows for the differences in the treatment 
effect from study to study. The choice of method affects 
the interpretation of the summary estimates.9

Reporting bias assessment

Publication bias was measured both qualitatively and 
statistically using funnel plots and the Egger’s regression 
test that displays the logarithm of ORs or mean differences 
(MDs) compared to their standard errors (publication bias 
existed if the p-value was <0.05), if the number of selected 
studies was bigger than 4. However, if the number of se-
lected studies for the comparison was 4 or less, the Begg’s 
rank correlation test was used.10

Certainty assessment

Two-tailed tests were used to  analyze all p-values. 
The graphs and statistical analysis were created using 
Reviewer Manager v. 5.3 (The Nordic Cochrane Centre, 
The Cochrane Collaboration, Copenhagen, Denmark).

Results

From the total of 2943 related research studies, 10 ar-
ticles published between 2000 and 2022 met the  re-
quirements and were included in the meta-analysis.11–20 
Table 2 presents the findings from these studies. A total 
of 1,158,982 subjects participated in the baseline trials 
of the selected studies, of which 261,829 had IBD, while 
897,153 were controls. The number of controls ranged from 
105 to 463,576. Ten studies presented data related to IBD, 
3 studies presented data organized by ulcerative colitis, 
and 4 studies presented data organized by Crohn’s disease.

The presence of  IBD resulted in significantly higher 
number of osteoporotic fractures (OR: 1.42, 95% CI: 
1.21–1.66, p < 0.001) with high heterogeneity (I2 = 81%) 
compared to controls, as shown in Fig. 2. Nevertheless, no 

significant differences were found amongst ulcerative coli-
tis patients (OR: 2.79, 95% CI: 0.88–8.87, p = 0.08) with high 
heterogeneity (I2 = 99%), and Crohn’s disease patients (OR: 
1.84, 95% CI: 0.81–4.18, p = 0.14) with high heterogeneity 
(I2 = 97%) compared to the control group for osteoporotic 
fractures, as shown in Fig. 3 and Fig. 4.

Stratified models could not be utilized to  examine 
the influence of some factors on comparison outcomes, 
such as  gender, age and ethnicity, due to  no available 
data for these parameters. Quantitative evaluations us-
ing the Egger’s regression test for the 1st comparison and 
Begg’s rank correlation test for the 2nd and 3rd compari-
sons, as well as visual inspection of the funnel plot were 
conducted (Fig. 5–7). There was no evidence of publication 
bias (p = 0.86). However, most of the included random-
ized controlled trials were found to have subpar method-
ological quality, no bias in selective reporting and scant 
outcome data.

Discussion

A total of 1,158,982 subjects participated in the baseline 
trials of the studies selected for this meta-analysis, of which 
261,829 had IBD and 897,153 were controls.11–20 Inflamma-
tory bowel disease resulted in significantly higher number 
of osteoporotic fractures compared to controls.  Neverthe-
less, no significant differences regarding osteoporotic frac-
tures  were found between ulcerative colitis and Crohn’s 
disease patients compared to controls. Particular attention 
should be paid when evaluating the results due to the small 
number of studies included in some comparisons, e.g., ul-
cerative colitis and Crohn’s disease.

Numerous pieces of  information have been gathered 
to evaluate the connection between IBD and osteoporosis; 
the latter is characterized by decreased bone mineral den-
sity. The only related outcome that has considerable mor-
bidity, mortality and healthcare expense is the probability 
of suffering bone fractures.11 These findings demonstrate 

Table 2. Characteristics of the studies selected for the meta-analysis

Study, year, reference Country Total Inflammatory bowel disease Control

Bernstein et al. (2000)11 Canada 66,297 6027 60,270

Loftus et al. (2002)12 USA 476 238 238

van Staa et al. (2003)13 UK 463,576 231,788 231,788

Targownik et al. (2013)14 Canada 46,404 1230 45,174

Tsai et al. (2015)15 China 15,705 3141 12,564

Bartko et al. (2020)16 Austria 350,078 531 349,547

Lo et al. (2020)17 Denmark 11,080 513 10,567

Soare et al. (2021)18 Romania 162 81 81

Soare et al. (2022)19 Romania 105 52 53

Ahn et al. (2022)20 South Korea 205,099 18,228 186,871

Total 1,158,982 261,829 897,153



Fig. 6. Funnel plot showing the impact of ulcerative colitis compared 
to controls on osteoporotic fractures (Egger’s test p-value = 0.85)

SE – standard error; OR – odds ratio.

Fig. 5. Funnel plot showing the impact of inflammatory bowel 
disease compared to controls on osteoporotic fractures (Egger’s test 
p-value = 0.88)

SE – standard error; OR – odds ratio.

Fig. 4. Forest plot showing the impact of Crohn’s disease compared to controls on osteoporotic fractures

95% CI – 95% confidence interval; df – degrees of freedom.

Fig. 3. Forest plot showing the impact of ulcerative colitis compared to controls on osteoporotic fractures

95% CI – 95% confidence interval; df – degrees of freedom.

Fig. 2. Forest plot showing the impact of inflammatory bowel disease compared to controls on osteoporotic fractures

95% CI – 95% confidence interval; df – degrees of freedom.
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that the risk of osteoporotic fractures increases with age 
and that even people with IBD often do not exhibit ac-
celerated bone disease symptoms until the disease has 
significantly advanced.21 The  use of  corticosteroids 
in the data utilized for this meta-analysis was matched. 
Patients who took steroids alone were more likely to suf-
fer from fractures. The biggest impact of steroids on bone 
health is the reduction of osteoblastic activity, which de-
creases bone growth. The reduction in osteoblast produc-
tion is a result of both a decline in the generation of new 
osteoblasts and an increase in the mortality of mature 
osteoblasts. Glucocorticoids also suppress the production 
of insulin-like growth factor 1, which reduces the function 
of the remaining osteoblasts, both directly and indirectly.22 
Since most IBD patients are currently using or have pre-
viously used steroids, this could be a confounding issue. 
For this confounder, direct standardization was utilized 
as an adjustment. After accounting for the usage of this 
medicine, the decrease in bone mass and the increased 
number of bone fractures confirmed that an inflamma-
tory condition is sufficient to alter bone metabolism. Since 
early detection, risk factor modification and treatment can 
reduce the risk of bone mass loss and improve morbidity 
in this particular demographic, further research is needed 
to determine the risk of developing fractures in the pedi-
atric population.

This meta-analysis assesses the  risk of  osteoporotic 
fractures in IBD. More investigation is needed to clarify 
probable associations of the consequences under discus-
sion. Larger and more homogeneous samples are obligatory 
for this investigation.23–28 This was likewise emphasized 
in a previous work that employed a related meta-analysis 
technique and reported similar advantageous outcomes for 
IBD on osteoporotic fractures.29–32 Since our meta-analysis 
was incapable of defining whether differences in gender, 
age and ethnicity are connected to the outcomes, well con-
ducted randomized controlled trials are required to evalu-
ate these factors and the mixture of variables such as gen-
der, ethnicity, age, and other variants of subjects.

Limitations

Since several studies identified during this systemic re-
view were not encompassed in the meta-analysis, there 
might have been a selection bias. The removed publica-
tions, nevertheless, did not meet the necessary inclusion 
criteria for this systemic review. Furthermore, we were 
incapable to determine whether factors such as age, gen-
der or ethnicity affected the outcomes. The study aimed 
to compare the results regarding osteoporotic fractures 
between a control group and an IBD group. The incorpora-
tion of data from earlier studies could have added bias due 
to incomplete or inaccurate data. Potential sources of bias 
included the nutritional status of the participants as well 
as their age and gender characteristics. Regrettably, some 
unpublished papers and missing data can bias the study 
outcomes.

Conclusions

Inflammatory bowel disease resulted in significantly 
higher osteoporotic fractures compared to  controls. 
Nevertheless, no significant differences regarding osteo-
porotic fractures were found between ulcerative colitis 
patients and Crohn’s disease patients compared to con-
trols. Particular attention should be paid when evaluating 
the results due to the small number of studies included 
in some comparisons, e.g., ulcerative colitis and Crohn’s 
disease.
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