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Abstract: Background: Osteoporosis prevalence is increased in Crohn’s disease (CD). Its pathogenesis
in these patients is incompletely understood. Objectives: To identify factors associated with decreased
bone mineral density (BMD) status in CD patients on a time-line course. Methods: A retrospective
study was performed that followed CD patients who underwent at least two bone mineral density
scans (DEXAs). Follow-up began one year prior to the first DEXA test and lasted at least one year after
a second test. Possible correlations between baseline and follow-up variables and changes in BMD
status were examined. Change in BMD was defined as a transition from one bone density category to
another (normal vs. osteopenia vs. osteoporosis). Binary variables were assessed using the Cochrane–
Armitage test. Categorical variables were assessed using the chi-squared test. A multivariate analysis
was performed. Results: The study included 141 patients. At baseline, 33 patients (23.4%) had normal
BMD, 75 (53.2%) had osteopenia, and 33 (23.4%) had osteoporosis. Patients with low BMD had a
lower baseline BMI compared to those with normal BMD (p < 0.0001). After a median follow-up of
48 months (IQR 29–71), BMD status worsened in 19 (13.5%) patients, whereas in 95 (67.3%) and 27
(19.1%) patients, BMD remained unchanged or improved, respectively. On the multivariate analysis,
elevated median CRP throughout follow-up (OR = 0.8, 95% CI: 0.68–0.93) and low baseline BMI
(OR = 0.9, 95% CI: 0.83–0.98) were associated with a lack of BMD status improvement. Conclusions:
Persistently elevated CRP and low BMI are associated with a lack of improvement in BMD. These
findings underscore the importance of effective inflammation control and nutritional support to
maintain and improve bone health.

Keywords: Crohn’s disease; osteoporosis; bone mass density (BMD); body mass index (BMI);
C-reactive protein (CRP)

1. Introduction

Crohn’s disease (CD) is a chronic condition characterized by inflammation of the
digestive tract. It affects millions of individuals worldwide, with increasing prevalence
around the world among all age groups [1].

Patients with Crohn’s disease experience a reduced quality of life and potential dis-
ability not only due to a persistent gut inflammation but also due to extraintestinal man-
ifestations of the disease including reduced bone health. Osteoporosis and osteopenia
are defined as a reduced bone mineral density (BMD), assessed by a dual-energy X-ray
absorption (DEXA) scan. In adults, a T-score lower than −2.5 SD determines osteoporosis
while a T-score between −1 SD and −2.5 SD determines osteopenia [2].

Osteoporosis is often an under-recognized complication, although it is associated with
a two- and three-fold increased risk of spinal and hip fractures, respectively, compared to
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the general population [3]. Several longitudinal studies have found a T-score of <−2.5 in
5–37% of IBD patients [4].

The pathogenesis of reduced BMD in Crohn’s disease is probably multifactorial and
may be attributed to an interplay between several factors such as continuous systemic
inflammation, frequent corticosteroid (CS) use, low body mass index (BMI), smoking,
malabsorption of vitamins D and K and calcium, malnutrition, reduced physical activity,
and genetic factors [5].

While research has established a clear association between Crohn’s disease and an
increased risk of osteoporosis, data on longitudinal bone density changes in CD patients
are limited. The management of IBD has undergone a significant transformation in recent
years with the advent of biological therapies. These targeted medications have revolution-
ized treatment, offering improved clinical outcomes and quality of life for many patients.
However, despite their remarkable efficacy in addressing IBD symptoms, the impact of
biological therapies on bone health remains largely unexplored. This scarcity of information
poses a significant challenge for clinicians seeking to optimize bone health management in
IBD patients.

This study aimed to better understand the risk factors associated with decreased bone
mineral density in Crohn’s disease and track changes in bone density status in the era of
modern IBD care.

2. Materials and Methods

We conducted a descriptive observational retrospective study based on the database
at our center.

Computerized records and the manual logs of patients treated at our clinic were
reviewed, identified using the MDCLONE software (https://www.mdclone.com/, ac-
cessed on 28 July 2024). The search was conducted using the keywords: “bone density”,
“osteoporosis”, “osteopenia”, “T SCORE”.

Patients were eligible for enrollment if they had a confirmed diagnosis of Crohn’s
disease, were followed up at our institution between January 2000 and February 2024, had
at least two bone density tests during this period, and were over 18 years old at the time of
the first examination.

The primary outcome was a change in bone mineral density (BMD) status at the end
of the study period. We defined this change as “improvement”, “deterioration”, or “no
change”, when a transition was observed from normal BMD status to osteopenia or from
osteopenia to osteoporosis or vice versa, based on results of two consecutive DEXA scans.
Bone status was classified as normal, osteopenia, or osteoporosis according to the accepted
definitions in the literature [2] as mentioned above. The follow-up period was set to begin
one year before the first DEXA test and to end one year after the last one.

In addition to the primary outcome, data on additional variables were collected and
categorized into baseline variables and follow-up variables. As fractures were not reliably
recorded in the patients’ records and only few events were reported, they were not included
in this analysis.

Baseline variables included demographic variables such as gender, age, initial BMI (cal-
culated at each time point as weight (kg)/height2 (meters)), and disease-related variables
such as age at diagnosis, disease duration at the beginning of follow-up, disease behavior,
and laboratory markers at the beginning of the follow-up period including vitamin D,
calprotectin, and CRP.

C-reactive protein (CRP) was measured relative to the upper limit of normal (ULN).
Vitamin D levels were defined as serum vitamin D25-OH level, with deficiency and insuffi-
ciency determined as <20 ng/mL and <30 ng/mL, accordingly, as defined by the Endocrine
Society’s 2011 consensus guidelines [6].

Follow-up variables included clinical variables such as hospitalizations, surgical pro-
cedures, changes in BMI (calculated as BMI measured at latest time point during follow-up
minus BMI at baseline), smoking status, and laboratory markers such as median CRP, mean
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vitamin D and fecal calprotectin, immunosuppressive medication exposure, and vitamin D
supplementation.

Immunosuppressive medication exposure was deemed positive if continued for at
least 3 months. Exposure to corticosteroids (CSs) was classified into three groups: Patients
in the “no CS treatment” group were not exposed to any CS during the study period, those
in the “limited dose treatment” received either doses below 20 mg of prednisone or above
20 mg of prednisone but for less than 3 months or budesonide for more than 3 months. The
third group included patients with “prolonged CS use” defined as patients treated with
prednisone at doses above 20 mg for more than 3 months.

This study was performed in accordance with institutional Helsinki approval number
RMB-D-0411-21.

Statistical Methods

First, the correlation between baseline data and initial bone density status was exam-
ined. The association between continuous variables and BMD status was tested using the
Kruskal–Wallis test. For variables with a symmetrical distribution, a regression analysis
was conducted with bone density status as an ordinal variable to generate a p-value for the
trend. Variables with missing values in more than 20% of patients were excluded from the
statistical analysis.

The relationship between bone density status and binary variables was tested using the
Cochrane–Armitage test, and categorical variables were examined using the chi-squared
test.

Correlations between baseline variables and changes in bone density status were
analyzed, with patients divided into three groups: the “improvement” group, the “deterio-
ration” group, and the “no change” group, using similar tests as in the first analysis.

Correlations between follow-up variables and changes in bone density status (ordinal
response variable) were examined using a proportional odds ordinal model with backwards
selection (with criteria p < 0.2). Results are presented for the model with the selected
variables, anti-TNF and corticosteroid treatment.

3. Results

A total of 500 medical records were reviewed for the study, 141 patients met the inclusion
criteria, and 70 (49.6%) of them were females (Figure 1). At follow-up start (Table 1), the median
age was 34 years (IQR 24–47), with median disease duration prior to inclusion of 6 years (IQR
1–14). Median CRP at baseline was 1.4 ULN, and median vitamin D level was 54.1 nmol/L.
At baseline, the median (IQR) body mass index (BMI) was 22.4 (19.2–26.2) kg/m2, with 28
(19.9%) patients categorized as underweight (BMI > 18.5 kg/m2), 68 (48.2%) patients were
normal (BMI = 18.5–24.9 kg/m2), 34 (24.1%) patients were overweight (BMI = 25–29.9 kg/m2),
and 10 (7.1%) patients were obese (BMI ≥ 30 kg/m2).

At baseline, 33 patients (23.4%) had normal BMD, 75 (53.2%) had osteopenia, and
33 (23.4%) had osteoporosis. A significant difference in BMI was observed between these
groups, and patients with normal bone density had a higher BMI compared to patients
with osteopenia (p < 0.01) and osteoporosis (p < 0.0001), while patients with osteopenia
had a higher BMI than the osteoporosis group (p < 0.001). No other statistically significant
correlations between baseline characteristics and baseline BMD status were found (Table 2).
Extraintestinal manifestations (EIMs) were present in 40 (28.4%) patients in our cohort. We
looked for musculoskeletal and liver EIMs, as they could potentially alter BMD status. Only
1 patient in our cohort had primary sclerosing cholangitis, while 9 patients had peripheral
arthritis, 7 had axial arthropathy, and 25 had arthralgia. No correlation was found between
the presence of these EIMs and BMD status (Table 2).
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Figure 1. Patient enrollment flow.

Table 1. Baseline characteristics of the patients included in this study.

Min Max IQR Median

Age at baseline [years] 18 73 24–47 34

Age at diagnosis [years] 9 68 17–36 23

Disease duration [years] 0 35 1–14 6

BMI [kg/m2] 12.9 39.3 19.2–26.2 22.4

CRP [value/ULN] 0.1 36.3 0.5–4.3 1.3

FCP [µg/g stool] 5 7810 45–300 150

Vitamin D [nmol/L] 16.5 157 39.0–69.6 54.1

n (%)

Gender

Female 70 (49.6)

Male 71 (50.4)

Smoking status

Yes
32 (22.5)

No
110 (77.5)

Disease location * (Montréal criteria)

Ileal (L1)
60 (42.3)
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Table 1. Cont.

Min Max IQR Median

Colonic (L2)
21 (14.8)

Ileocolonic (L3)
61 (43.0)

Upper GI (L4)
10 (7.0)

Perianal (P)
48 (33.8)

Disease behavior *

Inflammatory (B1) 67 (47.2)

Fibrostenotic (B2) 39 (27.5)

Penetrating (B3) 36 (25.3)

Extraintestinal manifestations

Peripheral arthritis 9 (6.3)

Axial arthropathy 7 (4.9)

Arthralgia 25 (17.6)

Primary sclerosing cholangitis 1 (0.7)

Perianal involvement 48 (33.8)
IQR—25–75% interquartile range BMI—body mass index, CRP—C-reactive protein, FCP—fecal calprotectin,
ULN—upper limit of normal, *—at the beginning of follow-up.

Table 2. Associations between baseline characteristics and baseline BMD status.

Normal
(n = 33) Osteopenia (n = 75) Osteoporosis (n = 33) p-Value

Age at diagnosis [years]
Median (IQR) 23 (17–37) 24.5 (17.7–35) 21 (16–31) 0.40 a

Age at baseline [years]
Median (IQR) 33 (22–47) 33 (27.5–48) 27(22–46) 0.52 a

IBD duration [years]
Median (IQR) 7 (2–14) 5 (0–14) 7 (3–13) 0.54 a

BMI at baseline [kg/m2]
Median (IQR)

26 (22.8–28.7) 22.4 (20–26) 18.4 (17.3–21) <0.01 a

CRP at baseline [value/ULN]
Median (IQR) 1.2 (0.4–2.8) 2.2 (0.7–4.8) 1 (0.5–4.1) 0.24 a

Vitamin D at baseline [nmol/L]
Median (IQR) 49.3 (40.8–55) 57.4 (38.2–67.5) 60.0 (39.5–76.7) 0.19 b

Gender

Female, n (%) 14 (45.2) 32 (50.8) 14 (51.9) 0.33 b

Smoking status

Yes, n (%) 9 (27.3) 18 (23.7) 5 (15.2) 0.24 b
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Table 2. Cont.

Normal
(n = 33) Osteopenia (n = 75) Osteoporosis (n = 33) p-Value

Disease behavior

Inflammatory (B1), n (%) 15 (45.5) 38 (50.0) 14 (42.4)

0.72 aFibrostenotic (B2), n (%) 8 (24.2) 19 (25.0) 12 (36.6)

Penetrating (B3), n (%) 10 (30.3) 19 (25.0) 7 (21.2)

Peripheral arthritis, n (%) 2 (6.1) 5 (6.7) 2 (6.1) 0.80

Axial arthropathy, n (%) 1 (3) 5 (6.7) 1 (3) 0.61

Arthralgia, n (%) 6 (18.2) 17 (22.7) 2 (6.1) 0.11
a p-value for association, b p-value for trend, IBD = inflammatory bowel disease, BMI = body mass index,
CRP = C-reactive protein.

The follow-up period continued for a median of 48 (IQR 29–71) months. The bone
density status worsened in 19 patients (13.5%), remained unchanged in 95 (67.3%), and
improved in 27 patients (19.1%). During the follow-up, 81 (57.4%) patients were hospital-
ized at least once, 41 (29.1%) underwent IBD-related surgery, 75 (53.2%) were exposed to
anti-TNF agents, 74 (52.5%) to thiopurines, 24 (17.0%) to vedolizumab, and 18 (12.8%) to
ustekinumab. Low-dose exposure to corticosteroids was documented in 34 (24.1%) patients,
while 48 (34%) were given high-dose steroids.

Elevated median CRP throughout follow-up (OR 0.8, 95% CI: 0.68–0.94, p < 0.01) and
low initial BMI (OR 0.9, 95% CI: 0.83–0.98, p < 0.01) were associated with a decreased
likelihood of bone density improvement. Oppositely, weight gain was modestly associated
with an improvement in bone density (OR 1.1, 95% CI: 098–1.23, p = 0.09) (Table 3).

On the multivariable analysis of the association of baseline and follow-up variables
and change in BMD status (Table 4), only baseline BMI and higher median CRP levels
during F/U were independently associated with a change in BMD.

Table 3. Univariate analysis of variables during follow-up and the change in BMD status.

Worsened
n = 19

No Change
n = 95

Improved
n = 27 p-Value

Median CRP, median during F/U
(IQR) [value/ULN] 1.5 (0.5–3.2) 1 (0.6–2.4) 1 (0.4–1.5) 0.18

Mean calprotectin during F/U,
median (IQR) [µg/g] 243 (117–414) 176 (70–428) 150 (37–255) 0.50

∆Vitamin D, mean (IQR) [nmol/L] 10.9 (4.6–15.8) 2.9 (−4.2, 15.1) −0.4 (−19.5, 4.9) 0.01

∆BMI, median (IQR) [kg/m2] 0.6 (−1.1, 3.3) 1.5 (−0.1, 3.1) 3.4 (1, 4.3) 0.10

Smoking, n (%) 7 (36.8) 23 (24.2) 2 (7.4) 0.02

Hospitalization, n (%) 13 (68.4) 48 (61.5) 20 (83.3) 0.23

Surgery, n (%) 6 (31.6) 25 (32.1) 10 (41.7) 0.54

Vitamin D supplement, n (%) 15 (78.9) 66 (69.5) 22 (81.5) 0.38

Anti-TNF treatment, n (%) 9 (47.4) 49 (51.5) 17 (66.7) 0.29

Thiopurines treatment, n (%) 13 (68.4) 41 (43.2) 20 (74.1) 0.77

Vedolizumab treatment, n (%) 4 (21.1) 19 (20.0) 1 (3.7) 0.10

Ustekinumab treatment, n (%) 2 (10.5) 14 (14.7) 2 (7.4) 0.70
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Table 3. Cont.

Worsened
n = 19

No Change
n = 95

Improved
n = 27 p-Value

Steroid treatment *

0.24
None, n (%) 3 (15.7) 45 (47.3) 11 (40.7)

Limited dose, n (%) 6 (31.5) 23 (24.2) 5 (18.5)

Prolonged use, n (%) 10 (52.6) 27 (28.4) 11 (40.7)

F/U—follow-up, ∆Vitamin D = (follow-up Vitamin D) − (baseline Vitamin D), ∆BMI = (BMI at the end of
follow-up) − (BMI at baseline), CRP = C-reactive protein, BMI = body mass index, ULN = upper limit of normal, *
“Limited dose treatment”—either doses below 20 mg prednisone or above 20 mg prednisone but for less than
3 months or budesonide for more than 3 months. “Prolonged use”—prednisone at doses above 20 mg for more
than 3 months.

Table 4. Multivariate analysis of different variables associated with a change in bone mineral density *.

OR 95% CI p Value

Median CRP during F/U 0.80 [0.68–0.94] 0.0084

Baseline BMI 0.90 [0.83–0.98] 0.0123

∆BMI 1.10 [0.98–1.23] 0.0906

Smoking 0.50 [0.20–1.29] 0.1522

Mean vitamin D 1.02 [0.99–1.04] 0.1195

Corticosteroids exposure 0.97 [0.62–2.95] 0.9044

Anti-TNF treatment 1.35 [0.61–1.54] 0.4498
*—variables with p < 0.2 on univariate analysis were included. OR = odds ratio, CI = confidence interval,
BMI = body mass index, CRP = C-reactive protein. ∆BMI—change in BMI, variables reaching statistical signifi-
cance appear in bold.

4. Discussion

Osteoporosis and osteopenia are quite common in Crohn’s disease patients, including
in our cohort. Furthermore, in our follow-up, about one-sixth of patients experienced a
decline in bone density over the course of the study. Persistently elevated CRP levels were
associated with a lack of improvement in bone density.

The mechanisms that predispose patients with Crohn’s disease (CD) to osteoporosis
are probably multifactorial. These factors include, among others, vitamin D deficiency,
systemic inflammation, malnutrition, use of oral CSs, and decreased physical activity.
Although it is challenging to determine the relative contribution of each factor, the final
result is a high prevalence of osteoporosis in this population, ranging from 7% to 15%
in different series [7,8]. The prevalence of osteoporosis in our study was even higher, as
23% of patients suffered from osteoporosis, and an additional 52% had osteopenia at the
beginning of the follow-up period. It is possible that such a high prevalence of reduced
bone health results because of a long time-lag (median 6 years) from initial diagnosis to the
follow-up start. Another possible explanation is a selection bias of patients with at least
two DEXA scans, which reflects physicians’ decisions to monitor bone density in either
patients with reduced bone density or relatively severe long-standing CD. This bias may
be reflected in the observed high admission and surgery rates, with 57% of patients being
admitted at least once and about 34% operated on during the follow-up period. According
to a study by Tsai et al., hospitalization was among the highest risk factors associated with
osteoporosis in Asian patients with IBD [9].

Elevated serum CRP over the study period that may be a reflection of active gut
inflammation was associated with a lack of improvement in BMD (OR 0.8, CI: 0.68–0.93).
To the best of our knowledge, this is the first study to show that persistently elevated
CRP is associated with time-dependent bone density deterioration in the Crohn’s disease
population. This association indicates that active disease is likely a contributing factor to
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bone loss in patients with Crohn’s disease. Moreover, studies have shown an association
of CRP with the pathogenesis of osteoporosis in the general population, and the levels
of inflammatory factors such as hs-CRP were detected to be increased in osteoporosis
patients [10].

A significant correlation was found between baseline BMI and baseline BMD, and
patients with low bone density status had a significantly lower initial BMI compared
to those with normal bone density status (median 26 vs. 18.5 for osteoporosis and 22.4
for osteopenia). This aligns with the known association between low BMI, malnutrition,
and secondary osteoporosis [11]. BMI reflects nutritional status, and low BMI may also
suggest poorly controlled disease. Additionally, BMI has been found to be a crucial factor
in determining BMD in both IBD patients and the general population. A longitudinal study
of IBD patients demonstrated a significant negative correlation between BMI and the rate
of bone loss [12].

Though TNFα is also linked to the pathogenesis of osteoporosis, we did not find a
beneficial effect of anti-TNF agents on bone density status. A 2011 literature review showed
improved bone density in Crohn’s patients treated with infliximab (monoclonal anti-TNF-
α antibody), but these studies had small sample sizes and short follow-up periods [13].
Conversely, a recent Polish study found no association between TNF-α inhibitor treatment
and osteoporosis in IBD patients [7]. The lack of robust longitudinal data on BMD changes
in IBD patients treated with biological therapies stems from several factors. Firstly, the
relatively recent introduction of these medications has limited the duration of follow-
up studies, hindering the assessment of long-term effects on bone health. Secondly, the
heterogeneity of IBD and the variability in individual responses to treatment further
complicate the analysis of bone density trajectories. Long-term, well-controlled trials are
necessary to comprehensively assess the effects of TNF blockade on bone mineral density.

We did not find a significant relationship between corticosteroid treatment and BMD
changes, though there was a clear trend indicating a negative correlation between corticos-
teroid dose and BMD. It is difficult to distinguish disease activity from CS use in terms of
causal impact on BMD because they are so closely interrelated. The link between CSs and
bone loss is well established. However, longitudinal studies on bone loss rates in IBD show
conflicting results regarding the impact of CSs [7,12,14].

Active smoking was associated with a decrease in bone density on the univariate
analysis (Table 1). Smoking is a well-known risk factor for reduced bone density in the
general population, possibly affecting vitamin D and calcium levels [15]. In Crohn’s
patients, smoking is linked to a more severe disease course, leading to significant absorption
issues, aggressive treatment, and prolonged immobility, all contributing to bone status
deterioration [16]. Smoking was also associated with bone density status deterioration,
although this was not statistically significant, possibly due to low sample size (Table 4).

Baseline and median vitamin D levels throughout the follow-up were not associated
with changes in bone density. Interestingly, contrary to common belief, on a univariate
analysis, an increase in vitamin D was associated with a deterioration rather than an
improvement in BMD. We speculate that patients with more active and severe disease were
more likely to take vitamin D supplements. The fact that the relationship ceased to be
significant in a multi-variable model provides support for this assumption. Furthermore,
Leslie et al. reported that just 21.8% of IBD patients achieved optimal vitamin D levels
(>30 ng/mL), underscoring the necessity to adjust dosages for those currently receiving
treatment and to initiate treatment for patients with risk factors [17].

Our study has some important limitations. As it is a retrospective study, it relies on
recorded patient data, which may be incomplete or inaccurate. This has led to the exclusion
of fractures as an endpoint in this study, despite being the most clinically relevant outcome
of osteoporosis. The small sample sizes, especially in the bone density status change groups,
may impact results. Treating physicians were not blinded to patients’ DEXA scans and
disease severity, and therefore their decisions may have impacted bone health during
follow-up. Moreover, non-documented, non-uniform variations in the implementation
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of professional societies’ recommendations on IBD patients with reduced bone density
may have increased, confounding with other variables. Additionally, the requirement for
two bone density tests may have biased the selection towards patients with a more severe
disease course or increased risk for BMD deterioration, indicating the need for repeated
testing.

5. Conclusions

In conclusion, low BMI and active smoking were identified as risk factors for impaired
bone density status. A trend, though not statistically significant, was observed between BMI
improvement and bone density status improvement. Persistently elevated CRP, potentially
a marker of ongoing inflammation, was linked to bone density deterioration. While the
associations of low BMI and persistent CRP with osteoporosis have been reported in
the general population [10], studies looking into the impact of persistent inflammation
and the pathogenesis of osteoporosis in IBD are required. Moreover, prospective data
showing that good control of inflammation and nutritional status in IBD will lead to
prevention of osteoporosis and fractures are needed. Current recommendations for bone
density screening in Crohn’s patients are based on general population parameters. The
factors highlighted in this study could be relevant to both Crohn’s patients and the general
population. It should be noted that in our cohort, despite physician awareness of the
implications of decreased bone density, about one-sixth of patients experienced bone
density decline, underscoring the importance of preventive interventions such as smoking
cessation, effective inflammation control, avoidance of steroids, and improving nutritional
support, especially for patients with low BMI.

Nevertheless, further comparative research is needed to corroborate our findings.
High-quality, long-term studies are essential to enhance our understanding of the

interplay between IBD, biological therapies, and bone health. This understanding will
enable clinicians to make informed treatment choices, improve bone health management,
and ultimately enhance the well-being of patients with IBD.

Author Contributions: Conceptualization, E.K. and M.W.; methodology, M.W.; software, I.G.; valida-
tion, E.K. and M.W.; formal analysis, I.G.; investigation M.K.; resources M.W.; data curation, M.W.;
writing—original draft preparation, E.K.; writing—review and editing, M.W.; visualization, M.K.;
supervision, M.W.; project administration, M.W.; funding acquisition, M.W. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study commenced after receiving appropriate approval
from the local Helsinki Committee, approval number: RMB-D-0411-21, approval date: 5 April 2021.
Clinical data collection was conducted while maintaining full privacy and anonymity. The data were
coded and stored in a file accessible only to the researchers.

Informed Consent Statement: Patient consent was waived by the institutional review board since it
was a coded retrospective study of electronic medical records.

Data Availability Statement: The information is not publicly available as it is stored in coded form
in the hospital’s databases.

Acknowledgments: We would like to thank Ofra Griness and Ido Griness for assistance with
performing statistical analyses.

Conflicts of Interest: The authors declare no conflicts of interest.



Nutrients 2024, 16, 2827 10 of 10

References
1. Ng, S.C.; Shi, H.Y.; Hamidi, N.; Underwood, F.E.; Tang, W.; Benchimol, E.I.; Panaccione, R.; Ghosh, S.; Wu, J.C.Y.; Chan, F.K.L.; et al.

Worldwide incidence and prevalence of inflammatory bowel disease in the 21st century: A systematic review of population-based
studies. Lancet 2017, 390, 2769–2778. [CrossRef] [PubMed]

2. Compston, J.; Cooper, A.; Cooper, C.; Francis, R.; Kanis, J.; Marsh, D.; McCloskey, E.; Reid, D.; Selby, P.; Wilkins, M. Guidelines for
the diagnosis and management of osteoporosis in postmenopausal women and men from the age of 50 years in the UK. Maturitas
2009, 62, 105–108. [CrossRef] [PubMed]

3. Komaki, Y.; Komaki, F.; Micic, D.; Ido, A.; Sakuraba, A. Risk of fractures in inflammatory bowel diseases: A systematic review
and meta-analysis. J. Clin. Gastroenterol. 2019, 53, 441–448. [CrossRef]

4. Harbord, M.; Annese, V.; Vavricka, S.R.; Allez, M.; Barreiro-de Acosta, M.; Boberg, K.M. The first European evidence-based
consensus on extra-intestinal manifestations in inflammatory bowel disease. J. Crohn’s Colitis 2016, 10, 239–254. [CrossRef]

5. Reinshagen, M. Osteoporosis in inflammatory bowel disease. J. Crohn’s Colitis 2008, 2, 202–207. [CrossRef] [PubMed]
6. Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.; Weaver, C.M.

Evaluation, treatment, and prevention of vitamin D deficiency: An Endocrine Society clinical practice guideline. J. Clin. Endocrinol.
Metab. 2011, 96, 1911–1930. [CrossRef] [PubMed]
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