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Summary
Patients with inflammatory bowel disease (IBD) are prone
to reduced bone mineral density and elevated overall frac-
ture risk. Osteopenia affects up to 40% of patients with
IBD (high regional variability). Besides disease activity,
IBD specialists must consider possible side effects of
medication and the presence of associated diseases and
extraintestinal manifestations. Osteopenia and osteoporo-
sis remain frequent problems in patients with IBD and are
often underestimated because of widely differing screen-
ing and treatment practices.

Malnutrition, chronic intestinal inflammation and corticos-
teroid intake are the major pathophysiological factors con-
tributing to osteoporosis. Patients with IBD are screened
for osteoporosis using dual-energy X-ray absorptiometry
(DXA), which is recommended for all patients with a pro-
longed disease course of more than three months, with re-
peated corticosteroid administration, aged >40 years with
a high FRAX risk score or aged <40 years with multiple
risk factors. From a therapeutic perspective, besides good
disease control, vitamin D supplementation and glucocor-
ticoid sparing, several specific osteological options are
available: bisphosphonates, receptor activator of nuclear
factor kappa-B ligand (RANKL) inhibitors (denosumab),
parathyroid hormone (PTH) analogues and selective es-
trogen receptor modulators.

This review provides an overview of the pathophysiology,
diagnosis, prevention and treatment of IBD-associated
bone loss.

Introduction

Patients with inflammatory bowel disease (IBD) are prone
to reduced bone mineral density and have a >38% higher

overall risk of spine fractures than the general population
[1, 2]. Besides disease activity, IBD specialists must con-
sider possible side effects of medication and the presence
of associated diseases and extraintestinal manifestations.

Osteopenia and osteoporosis are complications of IBD that
may not receive sufficient attention from the treating
physicians. Malnutrition, chronic intestinal inflammation
and corticosteroid intake are the major pathophysiological
factors contributing to osteoporosis. The primary mecha-
nism involved is an imbalance of the receptor activator of
nuclear factor kappa-B ligand (RANKL)/osteoprotegerin
(OPG) ratio at the molecular level or bone anabolic and
catabolic activity at the cellular level.

The established standard diagnostic procedure to detect
IBD-associated bone deterioration is dual-energy X-ray
absorptiometry (DXA). From a therapeutic perspective,
besides good disease control, vitamin D supplementation
and glucocorticoid sparing, several specific osteological
options are available: bisphosphonates, RANKL inhibitors
(denosumab), parathyroid hormone (PTH) analogues and
selective estrogen receptor modulators (SERMs).

Pathophysiology of inflammatory bowel dis-
ease-associated bone deterioration

The pathophysiology of low bone mineral density in pa-
tients with IBD is multifactorial. It involves malabsorption,
corticosteroid treatment and the systemic inflammatory
process itself, all of which may adversely affect the ade-
quate formation of peak bone mass (up to the age of about
30 years), age-related loss of bone mass or both. Malnutri-
tion might occur in patients with IBD from reduced dietary
intake, malabsorption due to intestinal inflammation, short
bowel syndrome after intestinal resection or increased en-
ergy requirements due to hypercatabolism [3]. In particu-
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lar, calcium and vitamin D deficiencies are detrimental to
bone health and mineralisation, especially in combination
with physical inactivity and decreased exposure to sun-
shine in patients with active disease. In patients with IBD,
bone mineral density correlates more with disease sever-
ity than disease location and extent [4]. Chronic gut in-
flammation is an independent risk factor promoting loss of
bone mineral density [5].

From an osteoimmunological perspective, the high preva-
lence of reduced bone mineral density and osteoporosis in
patients with IBD can be explained by pro-inflammatory
and pro-apoptotic mechanisms. Much of the evidence re-
garding the effects of pro-inflammatory mechanisms on
bone loss originates from studies on rheumatoid arthritis
[6–8]. Because rheumatoid arthritis causes bone loss not
only at sites prone to inflammation, such as the joints of
the hands and fingers, but also systemically throughout the
skeleton, a comparison of rheumatoid arthritis and IBD is
helpful and valid.

At the cellular level, the key effector cells at the interface
between inflammation and bone are the osteoclasts, bone-
forming osteoblasts, regulatory osteocytes, and T cells. At
the cytokine level, secreted cytokine levels are elevated
systemically in both rheumatoid arthritis and IBD: TNF-
α, IL-1β, IL-6, IL-8, IL-12/IL-23, IL-17, IL-18, IL-32, and
interferon-gamma (IFN-γ) [9].

The release of these inflammatory cytokines, particularly
TNF-α, IL-1, IL-6 and IFN-y, modulates the receptor ac-
tivator of nuclear factor kappa-B (RANK)/RANKL/OPG
pathway, inducing bone loss [9]. The RANK and its ligand
(RANKL) and decoy receptor OPG regulate bone-resorb-
ing cells (osteoclasts) and lead to bone resorption [10].
RANK is a transmembrane protein belonging to the TNF
receptor family and is the primary activator of osteoclas-
togenesis [11]. Osteoclast maturation is necessary to initi-
ate the bone resorption process. RANKL secreted by os-
teoblasts binds to RANK on the surface of pre-osteoclasts
and mature osteoclasts, inducing their proliferation, ac-
tivity, and survival. Osteoprotegerin is produced by os-
teoblasts and competes with RANKL to bind to the RANK
receptor, thus blocking osteoclastogenesis.

In addition, increased levels of IL-2, IL-17, IFN-y and
TNF-α have been documented in Crohn’s disease. In con-
trast, ulcerative colitis is associated with cytokines of the
Th2 profile, such as IL-4, IL-5, and IL-13 [12]. IL-12, a T-
cell mediator, is also an important inflammatory cytokine
found in IBD and interacts with TNF-α to inhibit osteoclas-
togenesis [13–15].

Moreover, there is sufficient evidence that TNF-α plays
an important role in bone loss in Crohn’s disease. TNF-α
blockade improves bone formation and reduces bone re-
sorption by suppressing T cells [16, 17]. Infliximab main-
tenance therapy also leads to about a 14% increase in lum-
bar bone density [18, 19]. The Swiss IBD cohort study
(SIBDCS), launched in 2006 with the aim of enrolling and
following patients with IBD throughout Switzerland [20],
demonstrated that early administration of anti-TNF-α was
associated with a lower osteoporosis risk.

TNF-α inhibition appears to have a beneficial effect on
bone turnover, especially when administered in combina-
tion with bisphosphonates [21]. The fact that this was ob-

served in infliximab responders and non-responders and
during the maintenance phase in patients with or without
corticosteroid co-administration suggests an independent
mode of action [22, 23]. Of course, this effect might also be
secondary to reducing active inflammation and decreased
glucocorticoid exposure.

While some cytokines directly act through their receptors
(IL-1, IL-6, IL-17 and TNF-α), others act indirectly
through the OPG/RANKL/RANK pathway via T cells or
fibroblasts [24]. Importantly, the upregulated cytokines are
not only bone destructive (e.g. IL-6, TNF-α and IL-1β) but
also bone protective and anti-osteoclastogenic (e.g. IL-12/
IL-23, IL-17, IL-18, IL-4, IL-10 and IFN-y) [25]. This ob-
servation is of interest since the therapeutic effects of an-
ti-IL12/23 inhibitors were recently found to lower both
the need for glucocorticoids and direct bone-specific harm
[26]. However, reliable data for vedolizumab or ustek-
inumab are currently lacking.

Regarding the apoptotic mechanisms leading to bone loss,
the mode of action of systemic glucocorticoids (GCs) must
be elucidated. Glucocorticoids decrease the ability of os-
teoblasts to rebuild eroded bone and compensate for bone
loss by dose-dependently activating caspases and the
Wingless-related integration site (WNT) pathway in os-
teoblasts [27]. In addition, dying osteoblasts and systemic
glucocorticoids activate bone resorption via the OPG/
RANKL/RANK pathway, resulting in a double negative
bone balance [28]. In addition, apoptosis of osteocytes also
leads to a reduced load-bearing capacity of the bone, since
on one hand, microfractures are no longer recognized and
repaired, and on the other hand, adaptations no longer oc-
cur.

Corticosteroids also increase the expression of RANKL
and decrease OPG receptors in stem cells and osteoblastic
cells, thus inhibiting stem cell differentiation into os-
teoblasts, inducing osteoblast apoptosis, and favouring the
differentiation of precursors into osteoclasts [29]. This
mechanism will decrease the secretion of the osteoid ma-
trix and enhances bone reabsorption. However, the in-
crease in RANKL is only transient, and the failure of bone
formation seems to be more important than bone resorption
[30].

In summary, an imbalance of the RANKL/OPG ratio plays
an essential role in developing low bone mineral density in
patients with IBD.

Endocrine manifestations are frequent in IBD including
metabolic bone disease with bone loss, growth failure and
hypogonadism with pubertal delay in patients with child-
hood onset of disease. The pathogenesis of growth failure
is multifactorial and include disease-related inflammation,
malnutrition, glucocorticoid use, and hypogonadism [31,
32] and is related to an impairment of the GH-IGF1 axis
with relative growth hormone resistance [33]. In parallel
to growth failure, the presence of delayed puberty, weight
loss and glucocorticoid treatment impair an increase of
bone mass in adolescence. Therefore, patients with child-
hood onset of IBD may present with low peak bone mass in
early adulthood, an important predisposing factor for low
bone mass and increased fracture risk later in life.

One of the key hormones involved in bone metabolism is
vitamin D. Vitamin D levels are lower in adult and pae-
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diatric patients with IBD as compared to healthy controls
[34], which is due to impaired intestinal absorption (specif-
ically in patients with small-bowel resection), reduced di-
etary or supplemental intake, low sun exposure and vita-
min D loss in the presence of protein-losing enteropathies.
As malabsorptive conditions severely impair vitamin D
status with hypocalcaemia, impaired bone mineralisation
and increased risk of fractures, biochemical assessment
and supplementation should be routinely considered in all
patients with IBD. Furthermore, recent data suggest that
poor vitamin D status may negatively impact the clinical
course of IBD due to its immune-modulating effect [35].

Adipokines are cytokines secreted by adipose tissue and
have been implicated in the pathogenesis of IBD. Recent
research has suggested that adipokines (such as leptin,
adiponectin, apelin, and chemerin) may be involved in
the development of IBD-induced bone loss. Specifically
visceral adipose tissue exhibits pro-inflammatory, im-
munoregulatory, and endocrine activity [36, 37]. While the
exact mechanisms regarding the crosstalk between fat and
bone tissues are still unclear, dysregulation of adipokine
levels has been shown to play an important role in the reg-
ulation of osteoblastic and osteoclastic cell functions.

In summary, the chronic inflammation and malnutrition as-
sociated with IBD can disrupt the normal function of sev-
eral hormones involved in bone metabolism resulting in
decreased bone density and increased risk of fractures. In
clinical practice, preventive measures to ascertain bone ac-
crual in adolescence and prevention of accelerated bone
loss in adulthood include assessment of calcium/vitamin
D status as well as exclusion of sex hormone deficiencies,
and consider replacement therapies if needed.

Another, maybe underestimated mode of action associated
with bone deterioration in IBD patients is the iron-induced
hypophosphataemia, an emerging complication first been
reported in 1982 in a patient receiving repeated intra-
venous therapy with saccharated iron oxide [38], iron poly-
maltose [39] or ferric carboxymaltose [40]. The applica-
tion of iron isomaltose is not associated with
hypophosphataemia [41] and therefore an option in pa-
tients with low bone density or osteoporosis.

Epidemiology of bone diseases in inflammato-
ry bowel disease

A recent systematic review including 3661 IBD patients
and 12,789 healthy controls identified a prevalence of os-
teoporosis of 2–16% in the former population (7–15% for
Crohn’s disease and 2–9% for ulcerative colitis) and of
3–10% in the later. These results are consistent with ob-
servations made in a 10 years follow-up population-based
inception Danish cohort, where the prevalence of osteo-
porosis in 513 IBD patients was 14%, which was also sig-
nificantly increased compared to controls [42, 43].

Because of widely differing screening and treatment prac-
tices and a lack of awareness, osteopenia and osteoporosis
are often underestimated, particularly in patients with IBD.
In the Swiss IBD Cohort Study (SIBDCS), 19% of patients
had low bone mineral density [44]. Other studies estimate
that osteopenia and osteoporosis affect 35–40% and up to
15% of patients with IBD, respectively [45–47], with a
high regional variability.

The lack of awareness in patients with IBD might be ex-
plained by young age and the lack of a direct burden from
musculoskeletal pain.

Assessment of bone health

Bone mineral density is a surrogate for bone health and a
predictor of fracture risk. It is measured by dual-energy X-
ray absorptiometry (DXA) [48] in the femur (femoral neck
or total hip) and/or lumbar spine [49]. In postmenopausal
women and men aged ≥50 years, osteoporosis is defined
as a bone mineral density value at least 2.5 standard devi-
ations (SDs) below the peak bone mass of healthy adults
(T-score ≤−2.5), and osteopenia, a precursor of osteoporo-
sis, is defined as a bone mineral density value between 1.0
and 2.5 SDs below normal [2] (table 1). In individuals aged
<50 years, low bone mineral density (osteoporosis) is de-
fined as a bone mineral density value “below the expected
range for age” (Z-score <–2 SDs) [50].

Indications for osteoporosis screening in pa-
tients with inflammatory bowel disease

Patients aged >40 years without a previous history of pro-
longed corticosteroid therapy should be assessed using the
fracture risk assessment tool (FRAX;
https://frax.shef.ac.uk/FRAX/tool.aspx?country=15),
which assesses the 10-year probability of a major osteo-
porotic fracture (MOF). FRAX is a proven tool but does
not discriminate past versus current corticosteroid use or
stratify risk according to corticosteroid doses >7.5 mg [52].

According to current guidelines (British Society of Gas-
troenterology, European Crohn’s and Colitis Organisation
and American Gastroenterological Association), we sug-
gest screening for osteopenia or osteoporosis using DXA
in high-risk individuals and after IBD-related surgery [26,
50, 53]. At-risk individuals are patients with IBD with a
prolonged course (>3 months) or repeated corticosteroid
courses, those aged >40 years with a high FRAX risk score
(>20% major fracture and >3% hip fracture), and those
<40 years with multiple risk factors (prolonged/high dos-
es corticosteroids, uncontrolled inflammation, weight loss,
malabsorption, little or no physical activity, alcohol ex-
cesses and smoking; figure 1 and table 2).

An antiresorptive treatment is recommended for patients
with a previous fragility fracture, and DXA measurements
may be used for treatment monitoring.

There is currently no evidence that budesonide causes re-
duced bone mineral density in patients with IBD. Studies
on microscopic colitis – where budesonide is the state-
of-the-art treatment – did not show significant differences
in the incidence of osteopenia/osteoporosis [54]. Nonethe-

Table 1 :
The World Health Organization’s definition of osteoporosis based on
DXA measurement [51].

Interpretation T-score

Normal –1.0 and higher

Osteopenia –1.0 to –2.5

Osteoporosis –2.5 and lower

Severe osteoporosis –2.5 and lower with one or more
fragility fractures
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less, these two clinical conditions differ in particular re-
garding the severity of secondary malabsorption and con-
sequential deficiencies. Therefore, it cannot be excluded
that budesonide may have more adverse effects in patients
with IBD.

Smoking is a major risk factor for patients with Crohn’s
disease. It is associated with relapses, more frequent post-
operative complications due to impaired microcirculation
and reduced bone mineral density with an increased frac-

ture risk. Therefore, patients should make every effort to
stop smoking immediately [26, 55, 56].

DXA measurement is still the standard diagnostic modality
for assessing bone mineral density/bone health. However,
since the two-dimensional nature of DXA imposes limita-
tions, other imaging modalities (currently mainly used in
research settings) should be mentioned to complete the di-
agnostic spectrum [57]:

Figure 1 : The screening and treatment algorithm for patients with IBD regarding bone health. This algorithm summarises and simplifies the
above screening recommendations and is intended as a practical aid.
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Table 2 :
Etiologic factors associated with altered bone health in inflammatory
bowel disease [48].

General
factors

Decreased vitamin D concentration

Low calcium intake

Low magnesium and potassium concentrations

Low body mass index

Decreased physical activity

Smoking

Excessive alcohol consumption

IBD-associ-
ated factors

IBD therapy: corticosteroids (damaging) and anti-TNF-
α therapy (beneficial)

IBD-specific factors: sex hormone deficiency

IBD-associated inflammatory processes: disbalance of
cytokines and other immunological networks

Gastrointestinal damage: intestinal insufficiency (short
bowel syndrome) and intestinal leakage

– Quantitative computed tomography (QCT) and high-
resolution peripheral QCT (HR-pQCT) provide three-
dimensional volumetric bone mineral density measure-
ments and can differentiate between the cortical and
trabecular bone.

– Magnetic resonance imaging can evaluate bone mi-
croarchitecture while avoiding radiation exposure com-
pared to DXA and identify common vertebral fractures.

– Trabecular bone score based on texture analysis of the
DXA lumbar spine image.

Only a few studies have examined adults with IBD using
HR-pQCT, demonstrating decreased trabecular and volu-
metric bone mineral density and possibly a decreased cor-
tical bone area [58]. In 2017, Pepe et al. evaluated the
SWISS IBD Cohort using HR-pQCT (Xtreme I; Scan-
co, Switzerland). They demonstrated a predominantly al-
tered trabecular bone microstructure compared to healthy
controls, which is associated with fractures during child-
hood/adolescence and may predispose to fragility fractures
throughout life [43]. Further prospective studies with HR-
pQCT are needed to elucidate its clinical impact and possi-
ble advantages compared to DXA.

DXA measurement and therapeutical conse-
quences

Patients on long-term corticosteroids should undergo bone
densitometry every second year. However, yearly DXA
measurements are recommended for those showing a >3%
decrease in bone mineral density annually. However, in
Switzerland, health insurance currently does not cover re-
peated DXA measurements after one year, and correspond-
ing cost reimbursement requests must be submitted.

A patient is considered high-risk, and treatment to prevent
osteoporosis should be initiated, if their bone mineral den-
sitometry indicates a T-score <−1.5, a T-Score <−1.0 and
they have at least two risk factors (age >50 years, post-
menopausal or corticosteroids >20 mg daily) or a FRAX
score with a >20% risk for an osteoporotic fracture within
10 years [59].

Additionally, patients with past fragility fractures, aged
>69 years, taking corticosteroids (>7.5 mg/day) or with a
high-risk FRAX score should be evaluated for bone pro-
tective therapy before the start of corticosteroid treatment
[60]. Newer guidelines from the American College of

Rheumatology strongly recommend an initial clinical frac-
ture risk assessment for all adults initiating or continuing
corticosteroid therapy ≥2.5 mg/day for >3 months, those
who have never had fracture risk assessment, and those
previously treated with osteoporotic therapy. For those tak-
ing glucocorticoids at >7.5 mg/day, the FRAX score
should be multiplied by 1.15 to determine the 10-year risk
of major osteoporotic fracture and by 1.2 to determine the
hip fracture risk [61].

Treatment

Adequate medical treatment can partially reverse bone de-
terioration and prevent osteoporotic fractures even in high-
risk individuals such as postmenopausal women, older
men with osteoporosis and patients taking glucocorticoids
[49,62–64]. Risk factors for increased bone loss should be
limited, and adequate dietary intake or supplementation of
calcium or vitamin D should be maintained.

More than 50% of patients with ulcerative colitis and
Crohn’s disease in Northern Europe and the United King-
dom suffer from vitamin D deficiency (25-hydroxyvitamin
D [25OHD] <50 nmol/l) [65, 66]. Therefore, we recom-
mend quantifying/measuring vitamin D levels (25OHD) in
patients with IBD at least once per year. However, patients
should be informed that the health insurance company only
reimburses vitamin D supplementation for a severe defi-
ciency (25OHD <25 nmol/l).

High-risk patients with IBD and osteopenia (not meeting
the criteria for pharmacological treatment) and all patients
starting corticosteroid therapy should be adequately sup-
plemented with vitamin D (800–1000 IU/day) and calcium
(500–1000 mg/day, dietary or supplement). We suggest de-
termining the patient’s daily calcium intake to assess their
supplementation needs (https://www.rheumaliga.ch/calci-
umrechner). Patients should be prevented from ingesting
>1400 mg of calcium daily since this may increase their
all-cause mortality [67]. British guidelines recommend that
those with vitamin D deficiency receive an initial treatment
of 50,000 IU weekly for six weeks [26].

In addition to vitamin D and/or calcium supplementation,
individuals with osteoporosis or increased fracture risk
should receive a specific osteological treatment with an-
tiresorptives (bisphosphonates, denosumab or selective es-
trogen receptor modulators [SERMs]), an osteoanabolic
agent (teriparatide) or a dual effect agent (romosozumab;
table 3).

The treatment duration of antiresorptive drugs depends on
their mode of action and long-term efficacy and safety.
Data on reducing fracture risk in patients with IBD are
primarily available for bisphosphonates (alendronate, rise-
dronate and zoledronate). Intravenous zoledronate may be
preferred due to the potential gastrointestinal side effects
of oral bisphosphonates. For women of childbearing age,
bisphosphonates should only be prescribed if they are tak-
ing effective contraception. Because of an elevated risk,
osteonecrosis of the jaw or atypical femoral fractures
should be ruled out before starting bisphosphonate therapy.

Unlike bisphosphonates, which are deposited on the miner-
alised bone surface and taken up by the mature osteoclasts,
denosumab, a RANKL inhibitor, inhibits the proliferation
and differentiation of osteoclast precursor cells and impairs
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the action of mature osteoclasts. Notably, the effectiveness
of denosumab is limited to the duration of treatment, un-
like bisphosphonates, which are known for their residual
anti-resorptive efficacy after treatment is discontinued. Se-
quential bisphosphonate treatment is mandatory after dis-
continuing denosumab to prevent accelerated bone loss
and vertebral fractures [68, 69]. Romoszumab can increase
bone density via another mode of action. By inhibiting
sclerostin, romosozumab strongly stimulates bone forma-
tion and, to a lesser extent, inhibits bone resorption. Like
with denosumab, sequential therapy with an antiresorptive
agent is mandatory after discontinuing romosozumab.

Antiresorptive, second-line therapy with teriparatide is
suggested in cases of severe osteoporosis (bone mineral
density at the spine <–3.5 SDs) or treatment failure (inci-
dent vertebral fractures during bisphosphonate treatment).
Teriparatide (a PTH analogue) stimulates osteoblastic bone
formation, resulting in bone accrual, specifically in the
trabecular bone. After treatment with teriparatide (usually
for 24 months), sequential antiresorptive therapy is neces-
sary to support the secondary mineralisation of the newly
formed bone and maintain the bone mineral content
[70,71].

Since most studies on treating and preventing osteoporosis
have been conducted in postmenopausal women, evidence
for treating young patients with IBD is limited. In these pa-
tients, the primary focus should be on controlling the risk
factors.

Of note are new guidelines by the American College of
Rheumatology on preventing and treating glucocorticoid-
induced osteoporosis. They suggest treating adults aged
≥40 years receiving high-dose glucocorticoids (initial dose
≥30 mg/day for 30 days or cumulative dose ≥5 gm in one
year) with oral/intravenous bisphosphonate, PTH analogue
or RANKL inhibitor [61].

Sequential treatments are recommended when initial osteo-
porotic therapy and glucocorticoids are discontinued and
at low (10-year risk of MOF <10%, hip ≤1%) or moderate
(10-year risk of MOF 10–20%, hip 1–3%) FRAX risk.

No subsequent osteoprotective therapy is needed if the ini-
tial osteoporotic therapy consists of oral/intravenous bis-
phosphonate or SERM. In cases initially treated with PTH
or romosozumab, subsequent treatment with oral/intra-
venous bisphosphonate or denosumab followed by bis-
phosphonate is mandatory. Additionally, in cases given
denosumab therapy, an oral/intravenous bisphosphonate
treatment is indicated for 1–2 years until the rebound after
denosumab is finished (table 4) [61].

When initial osteoporotic therapy and glucocorticoids are
discontinued, and the patient remains at high risk, the con-
tinuation of current therapy or a switch to intravenous bis-
phosphonate, denosumab, PTH, SERM or romosozumab is
indicated [61].
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Table 4 :
The sequential treatments recommended when initial osteoporotic and glucocorticoid therapies are discontinued and patients are at low or moderate risk.

Initial osteoporotic therapy Subsequent osteoporotic therapy options

Oral/intravenous bisphosphonate No subsequent osteoporotic therapy is needed

SERM No subsequent osteoporotic therapy is needed

PTH analogue Oral or intravenous bisphosphonate or denosumab followed by bisphosphonate

Denosumab Oral or intravenous bisphosphonate

Romosozumab Oral or intravenous bisphosphonate or denosumab followed by bisphosphonate

PTH = parathyroid hormone, SERM = selective estrogen receptor modulator
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