1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

"% NIH Public Access

O
H%

Author Manuscript

Published in final edited form as:
Am J Med. 2009 July ; 122(7): 599-604. doi:10.1016/j.amjmed.2009.01.022.

Osteoporosis in Inflammatory Bowel Disease

Tauseef Ali, MD&P, David Lam, MD@, Michael S. Bronze, MD&, and Mary Beth Humphrey, MD,
PhD&.C

aDepartment of Medicine, University of Oklahoma Health Sciences Center, Oklahoma City.

bSection of Digestive Diseases and Nutrition, University of Oklahoma Health Sciences Center,
Oklahoma City.

¢Section of Rheumatology, Immunology and Allergy, University of Oklahoma Health Sciences
Center, Oklahoma City.

Abstract

Osteoporosis commonly afflicts patients with inflammatory bowel disease, and many factors link
the 2 states together. A literature review was conducted about the pathophysiology of osteoporosis
in relation to inflammatory bowel disease. Screening guidelines for osteoporosis in general as well
as those directed at patients with inflammatory bowel disease are reviewed, as are currently available
treatment options. The purpose of this article is to increase physician awareness about osteopenia
and osteoporosis occurring in patients with inflammatory bowel disease and to provide basic,
clinically relevant information about the pathophysiology and guidelines to help them treat these
patients in a cost-effective manner.
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Approximately 1.4 million people in the United States and 2.2 million people in Europe suffer
from inflammatory bowel disease.! Patients with inflammatory bowel disease are at higher
risk of developing osteoporosis and osteopenia than the general population, with relative risk
of fracture 40% higher in patients with inflammatory bowel disease.2 The prevalence of
osteopenia and osteoporosis in patients with inflammatory bowel disease varies significantly
depending on the study populations, location, and design, but ranges from 22%-77% and
17%-41%, respectively.34 Because of the high prevalence, it is imperative that physicians
recognize patients at risk for osteoporosis, screen appropriate patients, and prevent or treat
accordingly.

PATHOPHYSIOLOGY OF OSTEOPOROSIS IN INFLAMMATORY BOWEL
DISEASE

Bone is a living tissue that undergoes constant remodeling by bone-forming cells (osteoblasts)
and bone-resorbing cells (osteoclasts). Imbalances in bone formation and resorption lead to
osteoporosis. Several gastrointestinal dis orders have been associated with osteoporosis and
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osteopenia, including inflammatory bowel disease, celiac disease, and chronic liver disease.
56 The etiology of osteoporosis in inflammatory bowel disease is multifactorial, with risk
factors including age, corticosteroid use, malnutrition, vitamin D and calcium malabsorption
and deficiency, immobilization, and the underlying inflammatory state (Table 1).5

ROLE OF CORTICOSTEROIDS

Because glucocorticoids are a treatment mainstay for chronic inflammatory diseases, it is
important to recognize the effects they have on bone remodeling. They have been shown to
impair osteoblast function, induce osteoblast apoptosis, reduce intestinal calcium absorption,
and increase renal excretion of calcium.>7 Patients on glucocorticoids are at increased risk for
fracture, with the greatest bone loss occurring in the initial months of treatment.® Interestingly,
studies show a decrease in fracture risk back toward baseline after stopping glucocorticoid
therapy.? It is, however, difficult to distinguish how much impact glucocorticoid use has on
bone compared with disease activity, as increased disease activity and higher degrees of
inflammation are indications for steroid use. While prednisone, prednisolone, and
methylprednisolone are systemically acting steroids and one of the major contributing factors
in osteoporosis in inflammatory bowel disease, budesonide, a locally acting corticosteroid with
low systemic bioavailability, has been increasingly used in the treatment of inflammatory
bowel disease because of its lack of systemic effects, including prevention of bone loss.

ROLE OF INFLAMMATION

There is a developing wealth of information about the role of inflammation in Crohn's disease
and ulcerative colitis and the development of osteoporosis. In inflammatory bowel disease, the
immune response, mediated by T lymphocytes and other inflammatory cells like macrophages,
leads to production of various proinflammatory cytokines such as interleukin (IL)-2 and tumor
necrosis factor (TNF). Within mononuclear cells, the key nuclear transcription factor is nuclear
factor-kappa B (NFxB), which regulates the transcription of IL-1, IL-6, IL-8, and other peptides
central to the inflammatory response.1% Additionally NFxB regulates expression of other
proinflammatory genes such as TNF-, adhesion molecules, and chemokines.11

Levels of many proinflammatory osteoclast activators including TNF-«, interleukins 1o and
14 (IL-1q, IL-1p), IL-6, IL-11, IL-17, transforming growth factor alpha, epidermal growth
factor, and prostaglandin E, are increased in patients with inflammatory bowel disease.>:6:12
Evidence supports IL-6 to be a pathogenic factor in osteoporosis that results from the loss of
either male or female sex steroids, and studies have implicated IL-6 in the pathophysiology of
several other diseases, such as rheumatoid arthritis.13 Genetic variations in the IL-6 and IL-1
receptor antagonist genes are correlated with the clinical course of inflammatory bowel disease
and extent of bone loss.1*

A new TNF family pathway involved in bone metabolism, known as the RANK-RANKL-OPG
pathway, has been recently described.®> RANKL (receptor activator of NF-«B ligand) is
expressed on the surface of osteoblasts, synovial stromal cells, and activated T cells. RANKL
binds to either osteoclast precursors expressing the RANKL receptor, RANK (receptor
activator of NF-«B) or a soluble decoy receptor osteoprotegerin (OPG), which is produced by
osteoblasts. If RANKL and RANK interact, osteoclasts differentiate and mature, resulting in
increased bone loss. OPG blocks this interaction, thereby inhibiting osteoclast production.
Compounds such as parathyroid hormone, 1a,25-(OH),D3, prostaglandin E,, and
dexamethasone stimulate RANKL expression and inhibit OPG production, thereby causing
increased osteoclastogenesis, whereas 174-estradiol increases OPG and decreases RANKL,
reducing osteoclastogenesis.1> With this information, the RANK-RANKL-OPG system might
be the final common pathway accounting for the activity of many of the compounds known to
act on bone homeostasis.
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Recent studies have suggested that alterations in RANKL: OPG ratios might be responsible
for bone loss in patients with inflammatory bowel disease. Plasma levels of OPG and RANKL
are correlated with bone mineral density and current inflammatory bowel disease therapy.16
In one study, OPG plasma levels were found to be elevated 2.4-fold in Crohn's disease and
1.9-fold in ulcerative colitis.}” The increased OPG levels may represent a continuing homeo-
static response, attempting to reverse RANKL or TNF-a-driven osteoclastogenesis, thus
attempting to maintain normal bone mass. Osteoclastogenic factors released from the inflamed
mucosa, including IL-1, IL-6, and TNF-a may drive osteoclastogenesis indirectly by enhancing
RANKL expression on stromal osteoblastic cells. However, IL-15 and TNF-a concomitantly
increase OPG expression by stromal osteoblasts.18 Thus, cytokines known to perpetuate colitis
simultaneously alter the RANKL:OPG ratio.

Therapy with anti-TNF-a drugs such as infliximab improves bone mineral density and alters
serum markers of bone remodeling.12-21 Osteocalcin, a marker of bone formation, increases,
while beta-cross-links, a bone resorption marker, decreases after infliximab treatment.19
Furthermore, OPG decreases after therapy, indicative of its counter-regulatory role relative to
inflammatory cytokines.19 Longitudinal studies of OPG/RANKL and bone mineral density are
required to validate this and to assess the relative contribution of inflammation to bone loss in
human disease.

CLINICAL SIGNIFICANCE

e Patients with inflammatory bowel disease are at high risk of developing
osteoporosis and osteopenia.

e Risk factors in this population include disease activity, corticosteroid use,
malnutrition, and deficiencies in vita-min D or calcium.

e Based on screening guidelines, patients at risk should have a screening bone
mineral density.

e Both pharmacologic and nonpharmacologic therapy should be used for treatment.

GENETIC FACTORS

The recent discoveries of signal transduction pathways and transcription factors critical for
osteoblast differentiation and function have opened up new approaches to the understanding
of the pathogenesis of osteoporosis.22 Identification of the critical role for the Wnt (wingless
genes) signaling pathway in regulating osteoblast function is of particular interest, because it
has been shown to play an important role in determining bone mass and strength.23 The precise
mechanisms whereby Whnt signaling alters osteoblast function are not fully understood, but
there is evidence that the canonical S-catenin pathway is involved and that there is an interaction
with bone morphogenetic protein 2.24 The inhibition of skeletal growth by glucocorticoids
might be mediated by effects on Wnt signaling.2°

The identification of vitamin D receptors in peripheral blood mononuclear cells sparked the
early interest in vitamin D as an immune system regulator.2% Vitamin D deficiency has been
linked to several different diseases, including the immune system-mediated osteoporosis such
as inflammatory bowel disease. The potential role of vitamin D deficiency in patients with
inflammatory bowel disease and osteoporosis is further discussed in the section on nutritional
factors.
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NUTRITIONAL FACTORS

Inflammatory bowel disease-related nutritional deficiencies have been implicated as other
pathogenic mechanisms resulting in low bone mineral density. Calcium is required for normal
growth and development of the skeleton. Adequate calcium intake is critical to achieving
optimal peak bone mass and modifies the rate of bone loss associated with aging. Calcium
deficiency (as a result of either low intake or poor intestinal absorption) has been reported in
Crohn's disease.2’ Vitamin D deficiency has been reported more frequently in patients with
ulcerative colitis and Crohn's disease compared with either control subjects or a healthy
population reference range.28 The lower vitamin D status in patients with Crohn's disease
compared with controls is accompanied by elevated levels of markers of bone turnover.2
Several reasons have been suggested for the lower vitamin D status of patients with
inflammatory bowel disease, including a reduced efficiency of intestinal absorption of vitamin
D as a consequence of ileopathy, a disrupted enterohepatic circulation of vitamin D, renal
insufficiency, reduced dietary intake, and reduced exposure to sunshine.30

Vitamin K deficiency also might be involved in inflammatory bowel disease-associated
osteopenia. Patients with longstanding Crohn's disease, in remission and receiving no or very
low doses of steroids, have low serum vitamin K concentrations and increased concentrations
of uncarboxylated osteocalcin,3! a biochemical index of vitamin K status, which also predicts
hip fracture risk.32 The reasons for the lower vitamin K status in patients with inflammatory
bowel disease are unclear. Some patients may malabsorb this fat-soluble vitamin because of
ileopathy. However, there also is the intriguing possibility that differences in vitamin K status
in patients with ulcerative colitis (as well as patients with predominantly colonic Crohn's
disease) may arise from altered bacterial flora that produce less vitamin K.28 It also is possible
that antibiotics often used to treat patients with inflammatory bowel disease could kill vitamin
K-producing flora.28 Clearly, the underlying reasons for low vitamin K status in patients with
inflammatory bowel disease require further investigation.

SCREENING GUIDELINES

The World Health Organization (WHO) defines osteoporosis as bone mineral density at the
hip or spine < 2.5 standard deviations below the mean for young healthy sex- and race-matched
adults. Although bone mineral density assessment is the most common means of diagnosing
osteoporosis, the WHO has developed a web-based interactive tool, FRAX™ (Fracture Risk
Assessment Model), that includes 10 risk factors.33 This tool helps physicians calculate the
10-year probability of having major osteoporatic fractures, even in the absence of knowing the
patient's actual bone mineral density. While bone mineral density is a major risk factor for
fracture, this tool highlights the importance of other risk factors.

The American Gastroenterological Association (AGA) has published guidelines that
recommend DXA (dual energy X-ray absorptiometry) screening in inflammatory bowel
disease patients with one or more risk factors: history of vertebral fractures, postmenopausal,
male >50 years of age, chronic corticosteroid therapy, or hypogonadism.® If the initial DXA
is normal, the AGA recommends repeat testing in 2-3 years. If the patient has osteoporosis, or
has a history of a low trauma fracture, evaluation for secondary causes should be completed.
Suggested studies include a complete blood count, serum concentrations of alkaline
phosphatase level, calcium, creatinine, and 25-OH vitamin D, serum protein electrophoresis,
serum calcium, and a testosterone level in males.

Utilization of these guidelines increases the number of screened patients and should lead to
earlier diagnosis and treatment. Kornbluth et al showed that in 100 consecutive patients that
met the AGA criteria for initial DXA, osteoporosis was found in 12%, and osteopenia in another
44%.34 Pharmacologic therapy was initiated in 89% of these patients, with 69 patients receiving
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calcium and vitamin D, and 20 patients receiving bisphosphonates. Although this is a small
and limited study, it shows how following guidelines led to interventions that might ultimately
reduce fracture risk.

TREATMENT OPTIONS

Nonpharmacologic Therapies

Several nonpharmacologic therapies are recommended for all patients at risk for developing
osteoporosis, including those suffering from inflammatory bowel disease (Table 2).6:35:36
These include regular weight-bearing exercise (resulting in improved bone mineral density and
decreased risk of fall from increased agility, strength, and balance), avoidance of tobacco use
and limiting alcohol intake (both risk factors on the WHO's Fracture Risk Assessment Tool),
33 and fall prevention. It is important that both patients and physicians recognize the risk factors
for falls, as many of these can be easily corrected.

Pharmacologic Therapies

Calcium and Vitamin D—The AGA and British Society of Gastroenterology (BSG)
recommend that patients at risk for or with osteoporosis receive calcium and vitamin D
supplementation. The recommendation for younger men and premenopausal women is daily
intake of elemental calcium of 1000 mg, either from diet or supplementation. Men and women
over 50 years of age require 1500 mg of calcium. Vitamin D intake of 400-800 1U/day should
be adequate for relatively healthy individuals, but patients with intestinal malabsorption,
chronic renal insufficiency, or housebound patients may need an increased amount.
Supplementation levels of 25-hydroxyvitamin D to >30 ng/mL or 75 nmol/L are preferred for
patients with vitamin D deficiency.33

Bisphosphonates—Bisphosphonates have been FDA (Food and Drug Administration)
approved for the prevention and treatment of osteoporosis in patients with known osteoporosis,
atraumatic fractures, and patients who cannot withdraw from corticosteroids after 3 months of
use. If patients are on corticosteroids for >3 months or deemed high risk based on other risk
factors, the BSG recommends DXA first, and then consider bisphosphonate therapy if the T-
score is <1.5.36 The BSG also recommends bisphosphonate therapy at the onset of steroid
therapy if the patient is >65 years old. A double-blind trial of 61 inflammatory bowel disease
patients randomized to either 12 months of risedronate 5 mg daily or placebo (all received
calcium carbonate 600 mg daily) showed a 2.0% and 1.9% improvement in bone mineral
density at the spine and hip, respectively.3” In a prospective, open-label, 2-year extension study
of arandomized, double-blind, 1 year clinical trial, 81 osteoporotic women with inflammatory
bowel disease were treated with risedronate or placebo.38 Significant differences in lumbar
spine, trochanter, and femoral neck bone mineral density were found between these 2 groups
at 1, 2, and 3 years. Importantly, the cumulative risk of vertebral and nonvertebral fractures
was significantly lower in the risedronate group than in the placebo group. These data suggest
that bisphosphonates are safe and effective in patients with inflammatory bowel disease.

Calcitonin—Salmon calcitonin (given intranasally, intramuscularly, or subcutaneously) is
FDA approved for the treatment of osteoporosis in women who are at least 5 years
postmenopausal. The Prevent Recurrence of Osteoporotic Fractures study demonstrated a 33%
reduction in the risk of new vertebral fractures in postmenopausal women with osteoporosis
given salmon calcitonin intranasally at 200 1U/day as compared with placebo.3° However,
calcitonin is considered a second-line agent by the AGA and BSG because of cost and concerns
for tachyphylaxis. It can rarely cause anaphylaxis, but more commonly, some patients
experience rhinitis and epistaxis with the intranasal formulation.
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Hormone Therapy—Estrogen therapy is FDA approved for the prevention of osteoporosis
in postmenopausal women or hypogonadal premenopausal women, but the risks and benefits
must be weighed before initiating therapy. The Women's Health Initiative found that 5 years
of hormone therapy reduced the risk of hip and vertebral fractures by 34%, while reducing the
risk of other osteoporotic fractures by 23%.40 However, the Women's Health Initiative also
showed increased risk of coronary artery disease, stroke, breast cancer, pulmonary embolism,
and deep vein thrombosis with estrogen and progestin therapy.*0 In light of this, it is
recommended that estrogen replacement therapy be used at the lowest effective dose and for
the shortest duration possible.

The selective estrogen receptor modulator, raloxifene, also has been approved for both
prevention and treatment of osteoporosis in postmenopausal women. In a study of raloxifene
versus placebo, the mean difference of bone mineral density was 2.4 + 0.4% at the lumbar
spine, 2.4 £ 0.4% for the total hip, and 2.0 + 0.4% for the total body at 24 months of therapy.
41 Another study showed a 30%-50% risk reduction in vertebral fractures over 36 months.*2
However, side effects include increased risk of deep vein thrombosis, hot flashes, and leg
cramps. The AGA recommends that a bone disease specialist participate in the decision to
utilize a selective estrogen receptor modulator in patients with gastrointestinal disease, and the
BSG recommends their use in postmenopausal women who have either intolerance of or failure
with bisphosphonates.

Parathyroid Hormone—Parathyroid hormone (1-34), or teriparatide, is approved for the
treatment of osteoporosis in postmenopausal women at high risk of fracture and in men with
primary or hypogonadal osteoporosis. It is administered as a subcutaneous injection for a
maximum of 2 years. In a large, multicenter, placebo-controlled trial, recombinant parathyroid
hormone produced a marked increase in bone mineral density, and decreased the risk of new
vertebral fractures by 65% and nonvertebral fractures by 53%.43 It is common to follow the 2-
year treatment period with another anti-resorptive agent, usually a bisphosphonate, to either
maintain or further increase bone mineral density. While teriparatide is well tolerated in most
patients, patients with a history of Paget's disease of the bone, prior skeletal radiation, prior
skeletal malignancy (including bone metastases), or those with hypercalcemia should not be
given teriparatide due to an increased risk of osteosarcoma (Black Box warning).

Corticosteroids and Immunomodulating Agents—While systemically acting steroids
are a major contributing factor in osteoporosis in inflammatory bowel disease, a locally acting
corticosteroid, budesonide, has been increasingly utilized in the treatment of both Crohn's
disease and ulcerative colitis because of its lack of systemic effects. A recent case-control study
looked at budesonide and different formulations of other orally administered steroids, including
prednisone/prednisolone, methylprednisolone, and hydrocortisone.*4 Oral prednisone/
prednisolone was associated with a dose-dependent increase in fracture risk starting from a
dose of around 6.7 mg/day. Oral budesonide and hydrocortisone were not associated with an
increase in overall fracture risk. Another multi-center randomized trial of 272 patients found
that treatment with budesonide compared with prednisolone resulted in better preserved bone
mass.*® Corticosteroid-naive patients treated with prednisolone lost more bone than those
treated with budesonide, particularly during the first 6 months of treatment. In this study's
patient group, a significant difference in change of bone mineral density between the treatment
arms was evident from 6 months, when the percentage change from baseline was —0.90% in
the budesonide-treated patients versus —3.35% in prednisolone-treated patients (P =.002).
These studies help illustrate how both decreasing systemic corticosteroids and reducing
inflammation can have a positive impact on bone mineral density.

Both the AGA and BSG recommend keeping corticosteroid dosing to a minimum and advocate
the early use of immunomodulators to help with this goal. In a study of 137 patients with
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inflammatory bowel disease, those in disease remission had higher age-matched bone mineral
density scores (Z-scores) than those with active disease, and this had a correlation with length
of remission.*6 In fact, after 3 years of disease remission, bone mineral density approached
normal when compared with age-matched control patients. Additionally, patients treated with
azathioprine had significantly increased Z-scores, which correlated to the drug's ability to
induce disease remission rather than a direct effect of the drug. The cumulative steroid dose
was slightly higher in the group with active disease compared with the remission group.46

Does anti-TNF-ao therapy positively affect bone mineral density and reduce fracture risk? There
are a few studies examining this, but they are limited by small sample size or nonclinical
endpoints.29:2147 One retrospective study did show a greater increase in bone mineral density
with the monoclonal anti-TNF-« antibody, infliximab concomitantly administered with
bisphosphonates as compared with bisphosphonates alone; while infliximab alone failed to
increase the bone mineral density.#8 The authors speculated that a study with greater power
might detect a significant increase in bone mineral density with anti-TNF-a alone. The
mechanisms by which anti-TNF-a therapy could reduce bone loss in inflammatory bowel
disease have not been investigated in humans. Anti-TNF-a treatment may provide direct
protection against osteoclast-mediated bone destruction by depleting TNF-a, a potent
osteoclast activator. Alternatively, it might have a more indirect role by dialing down the
inflammatory disease, reducing other osteoclast activators like IL-6 and IL-1, and improving
the nutritional status of patient. We speculate that both indirect and direct mechanisms might
play a role in preservation or increases in bone mineral density in treated patients. While the
body of information is supportive of anti-TNF-a therapy, further studies with clinically relevant
endpoints, including fracture reduction, are needed to elucidate its role in the management of
osteoporosis in inflammatory bowel disease.

CONCLUSION

Osteoporosis imparts a significant burden on today's health care system, accounting for high
costs, increased hospitalizations, disability, and time lost from work. Considerable information
is known about osteoporosis and inflammatory bowel disease, but further work is needed. As
more is understood about the pathophysiology linking these diseases, more treatment
modalities will become available. For physicians, it is important to recognize the risk factors
that are associated with inflammatory bowel disease and osteoporosis and screen the
appropriate population of patients, which will hopefully lead to earlier recognition of disease
and earlier, more appropriate preventive and treatment strategies.
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Table 1

Risk Factors for Osteoporosis in Inflammatory Bowel Disease

Increasing age

Use of corticosteroids

Malnutrition

Low BMI

Malabsorption of vitamin D, calcium, and vitamin K
Immobilization

Previous fragility fracture

Hypogonadism

Smoking

Chronic inflammatory state including imbalance of the RANK-

RANKL OPG system

Abbreviations: BMI = body mass index; RANK = receptor activator of NF-xB; RANKL = receptor activator of NF-«B ligand; OPG = osteoprotegerin.
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Table 2

Treatment Options for Osteoporosis in Inflammatory Bowel Disease

Nonpharmacologic therapy
Regular weight-bearing exercise
Avoiding or quitting tobacco
Limited use of alcohol
Emphasis on better nutrition, particularly on vitamin D and calcium
Employment of fall prevention strategies
Pharmacologic therapy
Calcium and vitamin D supplementation
Bisphosphonates
Calcitonin
Cautious use of hormone replacement therapy for both women and men
Recombinant parathyroid hormone (teriparatide)

Minimizing corticosteroid use with the early use of immunomodulating agents
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