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Abstract

The authors revise the latest evidence in the litera-
ture regarding managing of osteoporosis in ulcerative
colitis (UC), paying particular attention to the latest
tendency of the research concerning the manage-
ment of bone damage in the patient affected by UC. It
is wise to assess vitamin D status in ulcerative colitis
patients to recognize who is predisposed to low levels
of vitamin D, whose deficiency has to be treated with
oral or parenteral vitamin D supplementation. An ad-
equate dietary calcium intake or supplementation and
physical activity, if possible, should be guaranteed.
Osteoporotic risk factors, such as smoking and exces-
sive alcohol intake, must be avoided. Steroid has to be
prescribed at the lowest possible dosage and for the
shortest possible time. Moreover, conditions favoring
falling have to been minimized, like carpets, low illumi-
nation, sedatives assumption, vitamin D deficiency. It
is advisable to assess the fracture risk in all UC patient
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by the fracture assessment risk tool (FRAX® tool), that
calculates the ten years risk of fracture for the popula-
tion aged from 40 to 90 years in many countries of the
world. A high risk value could indicate the necessity of
treatment, whereas a low risk value suggests a follow-
up only. An intermediate risk supports the decision to
prescribe bone mineral density (BMD) assessment and
a subsequent patient revaluation for treatment. Dual
energy X-ray absorptiometry bone densitometry can
be used not only for BMD measurement, but also to
collect data about bone quality by the means of tra-
becular bone score and hip structural analysis assess-
ment. These two indices could represent a method of
interesting perspectives in evaluating bone status in
patients affected by diseases like UC, which may pres-
ent an impairment of bone quality as well as of bone
quantity. In literature there is no strong evidence for
instituting pharmacological therapy of bone impairment
in UC patients for clinical indications other than those
that are also applied to the patients with osteoporosis.
Therefore, a reasonable advice is to consider phar-
macological treatment for osteoporosis in those UC
patients who already present fragility fractures, which
bring a high risk of subsequent fractures. Therapy has
also to be considered in patients with a high risk of
fracture even if it did not yet happen, and particularly
when they had long periods of corticosteroid therapy
or cumulative high dosages. In patients without fragil-
ity fractures or steroid treatment, a medical decision
about treatment could be guided by the FRAX tool to
determine the intervention threshold. Among drugs for
osteoporosis treatment, the bisphosphonates are the
most studied ones, with the best and longest evidence
of efficacy and safety. Despite this, several questions
are still open, such as the duration of treatment, the
necessity to discontinue it, the indication of therapy in
young patients, particularly in those without previous
fractures. Further, it has to be mentioned that a long-
term bisphosphonates use in primary osteoporosis
has been associated with an increased incidence of
dramatic side-effects, even if uncommon, like osteo-
necrosis of the jaw and atypical sub-trochanteric and
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diaphyseal femoral fractures. UC is a long-lasting dis-
ease and the majority of patients is relatively young.
In this scenario primary prevention of fragility fracture
is the best cost-effective strategy. Vitamin D supple-
mentation, adequate calcium intake, suitable physical
activity (when possible), removing of risk factors for
osteoporosis like smoking, and avoiding falling are the
best medical acts.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Diagnosis and treatment of osteoporosis in
ulcerative colitis are discussed according to the latest
evidence. Innovative applications of new programs de-
rived from bone densitometry to evaluate bone quality
and to predict fracture risk in patients affected by ulcer-
ative colitis are described. Charts for ten years fracture
risk may be utilized to refer patients to bone densitom-
etry and/or to prescribe drugs against osteoporosis.
Trabecular bone score and hip structural analysis may
be considered to assess bone quality, that could be
impaired by malabsorption and chronic inflammatory
status. Advices for prevention and treatment of bone
damage are given, also considering cost-effectiveness.
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INTRODUCTION

Osteoporosis is a well known extraintestinal manifesta-
tion of the inflammatory bowel diseases (IBD), more
common in Crohn’s disease (CD) than in ulcerative
colitis (UC). Nowadays its management has been rec-

ognized as a relevant aspect in patients’ follow up. As
IBD is a chronic condition lasting the whole life of the
patient, the effects of the disease and of its treatment,
together with the ageing of the population, determine
an increase in the prevalence and in the incidence of
osteoporosis. The present article revises the latest evi-
dences (2009-2014) in the literature regarding this theme,
paying particular attention to the latest tendency of the
research concerning the management of bone damage in
the patient affected by UC. The authors have consulted
PubMed, Embase, Cochrane Library, National Institute
for Health and clinical excellence. In addition, the offi-
cial positions of the gastroenterological societies and the
leading guidelines for the management of osteoporosis
have been examined.
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ULCERATIVE COLITIS

UC is a chronic inflammatory disease of colon and rec-
tum. The disease reaches from the anal verge to a vari-
able proximal extension of the colon. The main peak
incidence is between the second and the fourth decade,
but the disease may also start later. Both men and wom-
en are affected with a similar frequency.

Aetiology is unknown. Regarding pathogenesis, the
inflammation is probably caused by a pathologic immune
response to an unknown environmental stimulus in the
lumen of the colon in genetic susceptible people. A de-
fective colonic epithelium may allow commensal bactetia
to be sampled by dendritic cells of the mucosa and act
as antigenic stimulus to induce an immune response,
sustained by T-cells, leading to inflammation'".

Symptoms atre rectal blood and mucus, tenesmus,
urgency and diarrhoea, depending on the extent and the
severity of the disease. Usually UC is classified in mild,
moderate and severe, depending on the clinical manifes-
tations according to the Montreal criteria” (Table 1).

About one third of patients presents immune medi-
ated inflammatory extra intestinal manifestations, which
may affect liver and biliary system, joints and bone, skin,

eyes.

The usual course of UC presents periods of acute
inflammation and phases of remission of symptoms. In
rare cases there is only one flare of disease, which can
be very severe (“fulminant” colitis). The recurrences are
variable in extent and severity and unpredictable in tim-
ing. Aim of the therapy is to induce the remission and to
maintain it as long as possible.

Systemic and/or topical therapy is focused against
pathologic immune response. Mainsteps of the pharma-
cological treatment are 5-aminosalicylic acid, glucocorti-
coids, azathioprine and its derivative 6-mercaptopurine,
cyclospotine and biological agents such as infliximab and
adalimumab.

Bone implication of UC is represented by osteoporosis,
even if it is less frequent than in CD.

OSTEOPOROSIS

Osteoporosis is defined as a systemic disease character-
ized by low bone mass and micro-architectural detetio-

ration of the bone tissue, with a consequent increase
in bone fragility”. The compromised bone strength
leads to an increased risk of fracture, as bone strength
reflects the integration of bone mineral density (BMD)
and bone quality”, The disease typically occurs in post-
menopausal women and in the elderly people (primary
osteoporosis) of in patients with diseases affecting bone
mineral metabolism, like IBD (secondary osteopotosis).
Also glucocorticoid treatment is a well-known factor
leading to osteoporosis.

Common sites of osteoporotic fractures are the spine,
the hip, the distal forearm and the proximal homerus.
Osteoporotic fractures also occur at many other sites in-
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Table 1 Montreal classification of extent and severity of ulcerative colitis

Extent Anatomy Severity Definition

S0: Clinical
remission

S1: Mild

E1: Ulcerative proctitis Limited to the rectum Asymptomatic

E2: Left sided (distal) Limited to a proportion of the colorectum
ulcerative colitis distal to the splenic flexure

E3: Extensive (pancolitis) ~ Extends proximally to the splenic flexure
ulcerative colitis

S2: Moderate
S3: Severe

< 4 stools/d (with or without blood), absence of systemic illness,
and normal inflammatory markers
> 4 stools/d but minimal signs of systemic toxicity
= 6 bloody stools/day, pulse = 90 beats/min, temperature =
37.5 'C, haemoglobin < 1.05 g/L, and erythrocyte sedimentation
rate = 30 mm in the first hour

Adapted from: Ford et al.

Table 2 Effect on vertebral fracture rates (from randomized

controlled trials)

Osteopenia Osteoporosis Established
Raloxifene . [] [ ]
Alendronate NA ] ]
Risedronate NA . ]
Ibandronate NA ] ]
Zoledronate NA ] ]
Teriparatide NA NA n
Strontium ranelate . ]
Denosumab NA [] []

m Denotes a preplanned analysis in the entire study population; eDenotes a
post hoc analysis. NA: No evidence available. Adapted from: Body et al™.

cluding pelvis, ribs and distal femur and tibia.

Osteoporotic fractures are associated with high rates
of disability and mortality. Approximately 50% of frac-
ture-related deaths in women are due to hip fractures,
28% to clinical vertebral fractures and 22% to other frac-
tures”. In individuals who experience hip fractures, 20%
die within the next year and 20% will require permanent
nursing home care'™”. Vertebral fragility fractures are
the most frequent fractures in osteoporotic patients, and
even if this kind of injuries has less severe complications
than hip fractures, they are associated with substantial
disability due to impairment in spine dynamics and static
biomechanics. Furthermore, the number and the severity
of vertebral fractures are related to an exponential in-
crease of subsequent fractures'™,

The gold standard method for the diagnosis of osteo-
porosis is the dual energy X-ray absorptiometry (DXA)
which is a radiological tool based on the principle of pho-
ton absorptiometry developed in the sixties” that allows
to quantify the BMD",

Bone densitometry scans for diagnostic classification
and prediction of fracture risk are performed according
to the international guidelines" on lumbar spine and
proximal femur, which are the most important sites of
fragility fractures. Absolute values of BMD are expressed
as T-score and Z-score. T-score is calculated as standard
deviation from the normal reference population, and
Z-score is calculated as standard deviation from the sex
and age matched population. Osteopenia is defined as a
T-score between -1 and -2.5. Osteoporosis is defined as a

JRaishideng®
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T-score < -2.5"). Low BMD is directly correlated with an
increase in fracture risk™.

The goal of the pharmacological therapy of osteo-
penia and osteoporosis is to increase bone strength, in
order to decrease the risk of fracture mainly by in-
creasing BMD. This can be achieved by decreasing bone
resorption and/or increasing bone formation.

A lot of effective medications are approved for the
prevention and the treatment of osteoporosis. Drugs can
be divided into two categories: anti-resorptive (or anti-cat-
abolic) and anabolic agents. Anti-resorptive agents, which
include oestrogens, selective oestrogen receptor modula-
tors (raloxifene), calcitonin, bisphosphonates (alendronate,
risedronate, ibandronate, zoledronate) and denosumab,
reduce osteoclast activity, preserving bone mineral density.
The currently used anabolic agent is teriparatide (PTH
1-34) which stimulates osteoblast activity. Strontium rane-
late is another agent that reduces fracture risk. It improves
bone strength mainly through effects on bone formation
and bone propertiesp], even if it also has an anti-resorptive
action.

The anti-fracture efficacy of the most frequent used
drugs for osteoporosis is illustrated in Tables 2 and 3.

The effectiveness of drugs in primary and secondary
prevention of fragility fracture is quite different. Regarding
vertebral fractures, all the considered drugs are effective in
preventing secondary osteoporotic fractures, whereas not
all these drugs are also effective in primary prevention. No
effectiveness is found in reduction of vertebral fracture
rate in osteopenic patients. There are very few evidences
regarding the prevention of hip and non-vertebral frac-
tures: only few drugs seem to be useful, and among them
only some of the bisphosphonates and denosumab™"?.

In addition, to enhance the effectiveness of the phar-
macological treatment, calcium and vitamin D supplements
may be prescribed. In fact, vitamin D deficient patients do
not show the same increase in bone mass and reduction in
fracture rate as observed in vitamin D repleted patients[l3].

Moreover, in order to improve bone mass, some chang-
es in lifestyle are suggested, such as increasing physical
activity, stop smoking, avoiding excessive alcoholic intake,
maintaining an adequate body weight. Furthermore, in or-
der to reduce fracture risk also the prevention of falling is
important; so it is advisable to avoid inappropriate hous-
ing conditions (eg., carpets, low illumination), and the use
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Table 3 Effect on nonvertebral/hip fracture rates (from randomized controlled trials)

Nonvertebral

Hip

Osteoporosis (without prevalent
vertebral fractures)

Established osteoporosis (with
prevalent vertebral fractures) prevalent vertebral fractures) prevalent vertebral fractures)

Osteoporosis (without Established osteoporosis (with

Raloxifene NA .
Alendronate [] []
Risedronate NA []
Ibandronate NA .
Zoledronate [] NA
Teriparatide NA [
Strontium Ranelate . []
Denosumab [] NA

NA NA
NA
NA

NA NA

[] NA

NA NA

A
NA

m Denotes a preplanned analysis in the entire study population; A Denotes a preplanned analysis on a subset of the study population; ® Denotes a post hoc

analysis. NA: No evidence available. Adapted from: Body et al"*.

of hypnotic and sedative drugs“zj.

Patients should also be aware of the importance of
the adherence to the treatment. In fact, it has been ob-
served that only a low percentage (about 30%) of patients
still follows therapy after one year"

ULCERATIVE COLITIS AND
OSTEOPOROSIS

In literature it has been estimated that osteopenia in UC
is found in about 35% of the patients, and osteoporosis
in about 15%, based on DXA scans"”. However, studies
about the prevalence of osteopenic/osteoporotic frac-
tures in patients with UC are scarce, with a small sample
size and with a follow up that is not sufficiently pro-
longed to allow fracture detection"”. Another bias is that
investigated IBD patients’ groups are not homogeneous
regarding age, gender, severity and activity of disease, and
type of treatment (steroids, supplementation of calcium
and vitamin D). A recent retrospective ten years data-
base analysis on UC male patients found a prevalence of
fragility fractures of 7.9% in osteoporotic patients, 4.4%
in osteopenic patients and 1.1% in patients with normal
BMD"". Low bone mass in UC is also related to the
severity of the disease, in so far mild and moderate UC
seem not to represent a risk factor for osteoporosis“gj.
Obviously, severe UC presents a higher level of inflam-
mation and therefore the need of steroid administration,
which are per se risk factors for bone loss and fracture.

Many factors have been suggested to be implicated in
the pathogenesis of osteoporosis in UC. They are mainly
classified in two groups: nutritional factors and inflam-
matory mechanisms.

In UC patients poor nutrition and malabsorption, par-
ticularly of calcium, vitamin D and K, can be caused by
anorexia, insufficient diet, diarrthoea. On the other hand,
IBD associated inflammatory cytokines [interleukin 1 (IL1)
and 6 (IL06), tumour necrosis factor alfa (INF-a)] have
been shown to affect bone metabolism directly™. These

cytokines are known to increase synthesis of receptot-
activated nuclear factor K B ligand (RANKL), which is
produced by osteoblasts and which activates proliferation
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and differentiation of osteoclasts, thereby inducing bone
resorptionm]. In fact, the biological drugs inhibiting TNF
alfa have been shown to increase BMD!"". Moreover, re-
cent studies in animals have indicated that these cytokines
also negatively act on intestinal and renal absorption of
minerals and vitamins™. Of course, the usual risk factors
for osteoporosis may also be present in UC patients, such
as low body mass index, older age, immobilization, smok-
ing, prolonged use of corticosteroids, low peak of bone
mass particularly in the case of paediatric onset of the
disease.

Anyway, the two most important factors for develop-
ing OP in UC seem to be systemic inflammatory activity
and the prolonged use of glucocorticoid. Corticosteroid
treatment in UC patients is related to the inflammatory
status, being cumulative doses of steroid directly related
both to the severity of UC and the tisk of low BMD'"",

Glucocorticoids act negatively on bone mineral me-
tabolism inducing an impairment of bone cells coupling
and activity, stimulating osteoclasts formation and activ-
ity, promoting osteoblasts apoptosis, inhibiting osteo-
blasts proliferation and synthesis of type I collagen and
osteocalcin. In addition, they reduce intestinal absorp-
tion of calcium and increase urinary calcium excretion,
leading to an increase in PTH secretion. Moreover, they
reduce sex hormones production by inhibiting hypotha-
lamic-pituitary-gonadal axis®!

It has to be kept in mind that all these actions of glu-
cocorticoid finally lead to a significant increase in bone
loss and in vertebral and non-vertebral fracture risk. This
effect is already observed in the first three-six months of
steroid treatment, and it is already present with daily dos-

o . : 22
es of 5 or more milligrams of prednisone equivalent™,

SOMETHING NEW IN THE MANAGEMENT
OF OSTEOPOROSIS IN ULCERATIVE
COLITIS

The most cited scientific gastroenterological societies such
as American Gastroenterological Association™, Ameri-
can College of GastroenterologylZ4J, British Society of
GastroenterologylZSJ, have dealt in their guidelines with
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the management of osteoporosis in IBD patients. They
give general recommendations regarding prevention
and removing of fracture risk, indication of DXA test
and prescription of specific pharmacological treatment
of osteoporosis. These suggestions do not substantially
differ from guidelines for prevention, diagnosis and
treatment of primary and secondary osteoporosis in the
general populationp(”m

In recent years, besides DXA test, another tool for
assessing fracture risk has been proposed by the Health
Organization Collaborating Centre for Metabolic Bone
Diseases, University of Sheffield (United Kingdom), and
introduced in clinical practice.

Prediction of fracture risk

Fracture risk assessment tool (FRAX® tool - http:/ /www.
shef.ac.uk/FRAX/ [32]) is based on the collection of the
main anagraphic, anthropometric and anamnestic data
regarding fracture risk factors, with or without BMD.
This collection allows to compile a chart, available both
for men and women aged 40 years or more, that predicts
the 10-year probability of a hip fracture or of a major
osteoporotic fracture, such as clinical spine, hip, forearm
and humerus fractures. At the moment these charts are
prepared for 59 countries worldwide.

Frax score is calculated by online compiling twelve
fields of an algorithm: age; gender; height and weight;
history of minimal trauma fractures; history of parental
hip fractures; corticosteroid exposure (defined as oral
glucocorticoids for more than 3 mo at a dose of pred-
nisolone equivalent of 5 mg daily or more); concomitant
rheumatoid arthritis; secondary strongly associated causes
of osteoporosis, such as type [ (insulin dependent) dia-
betes, osteogenesis imperfecta in adults, untreated long-
standing hyperthyroidism, hypogonadism or premature
menopause (< 45 years), chronic malnutrition, malab-
sorption and chronic liver disease; more than three units
of daily alcohol intake; smoking. Lastly, if available, BMD
may be inserted, expressed as absolute value (g/ cm’) or
T-score.

Entering these variables one can obtain a number,
that quantifies the probability of having a major or a hip
fracture in the subsequent ten years. This parameter helps
the clinician in the decision whether to prescribe or not
a pharmacological treatment for osteoporosis, accord-
ing to a threshold of intervention. This threshold is not
uniquely established and has not the same cut-off for all
countries, depending on the clinical contest and health
economic factors. The fracture risk varies markedly be-
tween the different countries, whereas the T-score varies
only by a small amount. In addition, the clinical interpre-
tation of a given T-score for fracture risk in women of
every country depends on the age and on the presence
of clinical risk factors. Intervention thresholds are also
partly determined by the willingness to pay for health
care in osteoporosis and by the access to DXA, which
vary from country to country"”.

The use of FRAX tool in assessing fracture risk in
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UC patients was examined only in two retrospective
studies" . Results are controversial, but encourage to
explore the utility of this clinical tool in the management
of IBD. The first'"” shows that the clinical FRAX score
alone can accurately predict the risk of a osteoporotic
fracture, reducing the need for DXA scans and for un-
necessary pharmacological treatment for osteoporosis.
As indicated in a position paper of the National Oste-
oporosis Guideline Group (NOGG)™ if the patient re-
sults at low risk, no DXA scan is required. If the FRAX
scote, based only on clinical risk factors, is intermediate,
patients should undergo DXA scanning and once the
BMD is known, the FRAX score has to be recalculated
to determine the need for specific anti-osteoporosis
treatment.

The Authors of the first cited study“sl confirmed an
increased prevalence of osteoporosis in their UC popu-
lation and found that by using the FRAX score over
5 years they could have avoided 36% of DXA scans.
They also found that patients who carry a high clinical
risk of fracture are frequently not considered for treat-
ment when this decision is based on T-score alone. Fur-
thermore, considering NOGG guidelines[35], 8% of the
patients examined in the study were over-treated with
bisphosphonates. As illustrated by the Authors there
are, however, some limitations in using FRAX tool in
IBD patients. First, the FRAX algorithms are based on
general population cohort studies undertaken in over
40 years old people, and have not been validated in IBD
populations, where younger, under 40 years old people
are frequently represented. In this condition FRAX tool
calculates the risk for patients under the age of 40 using
the data of individuals aged 40 years or more. It is likely,
therefore, that the fracture risk in IBD subjects could be
overestimated. It will be useful to collect specific data
for patients under 40, particularly in IBD populations,
but probably it will take several decades to complete a
prospective cohort observation in young patients for the
collection of an adequate number of fractures. Second,
body mass index, a component of the FRAX score, in
the general population does not fluctuate at the same
rate as in IBD, where periods of active disease may cause
substantial weight loss. Third, although the FRAX score
includes corticosteroids use as a dichotomous risk factor
(ves/no), it does not take into account the cumulative
dose of steroids.

The other cited retrospective study™ in IBD patients,
raising from a population database of the province of
Manitoba (Canada), examined the risk of major osteopo-
rotic fractures (MOF) and of hip fractures after control-
ling for FRAX, independently from FRAX probability.
The Authors did not find an increase in the risk of MOF
in IBD patients after having controlled the FRAX proba-
bility, estimated both with and without BMD. The results
for patients with CD and UC considered separately were
similar. They found, conversely, an increase in the risk of
developing a hip fracture, even after having controlled
the FRAX probability, estimated both with and without
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BMD. Due to the small number of events (hip fracture)
it was not possible to compare UC and CD. The addition
of the femoral neck BMD to calculate the risk did not
significantly increase the estimated risk for hip fractures
associated with IBD, suggesting, therefore, that IBD
exerts a BMD independent effect on hip fracture risk. It
may be useful that further studies confirm these results,
differentiating UC from CD. It would be also desirable
that IBD would be added as anamnestic dichotomous
factor in FRAX risk calculation.

Assessment of bone structure

DXA represents the gold standard method for the diag-
nosis of osteoporosis“o]. However, while BMD is clearly
one of the major determinants of bone strengthm, the
assessment of fracture risk by BMD could lack sensitiv-
ity. In fact, many fragility fractures occur in osteopenic
individuals (T-score between -2.5 and -1.0), not only in
subjects with osteoporosis (T-score < -2.5)P". Other fac-
tors in addition to BMD account for bone strength and
fracture risk, like bone geometry and bone microarchi-
tecture, that concur to determine bone qualitym].

The best method for the direct assessment of bone
micro-architecture is histomorphometry of the transiliac
crest bone biopsy, but it is an invasive procedure and,
moreovet, it does not necessarily reflect microstructure
at sites where the fragility fractures occur, like spine and
femur. A number of techniques have been developed to
assess bone geometry, as quantitative computed tomog-
raphy (QCT)™* high resolution peripheral quantita-
tive computed tomography (HRpQCT)W and magnetic
resonance imaging' . However, these techniques present
more invasivity, higher costs, long time for their execu-
tion (long lasting scans). Alternatively, adaptation of
X-ray based images, like plain radiographs, using gray-
level textural features, have been tested, utilizing fractal
dimension™*' and Fourier analysis™*. An ideal solu-
tion, in terms of practicability, costs and risks, could be
the adaptation of DXA-based images. DXA can be used
to identify existing vertebral fractures™ ™ to evaluate hip
geometry and to estimate femoral strengthm’sﬂ. More-
over, a new DXA-based technique that considers bone
mineral distribution in the proximal femur, instead of
only bone mineral density, may be well-suited to enhance
standard densitometric evaluation as a predictor of hip
fracture risk™. The latest development is the trabecular
bone score (IBS), a new gray-level textural measure that
can be extracted from the 2-dimensional lumbar spine
DXA image to estimate trabecular microstructure. TBS
may provide skeletal informations that are not captured
by the standard BMD measurement. Based on experi-
mental variograms of the projected DXA image, TBS
has the potential to discern differences in 3-dimensional
(3D) micro-architecture between 2-D DXA measure-
ments that are similar to each other™™. An elevated TBS
value correlates with better skeletal texture (a reflection
of better microarchitecture); a low TBS value correlates
with weaker skeletal texture (a reflection of degraded
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microarchitecture). The relationship between TBS texture
parameters and 3D micro-architecture parameters has
been documented by several ex vivo studies that have re-
ported significant correlations between TBS and various
micro-structural parameters of bone assessed by micro-
computed tomography[57’59’6m.

TBS is an imaging technique adapted directly from
the DXA image of the lumbar spine. Thus, it is poten-
tially readily and widely available. In recent years, a large
number of studies have demonstrated that TBS is signifi-
cantly associated with direct measurements of bone mi-
croarchitecture, and may be a useful adjunct to BMD for
detection and prediction of fragility fractures in primary
osteoporosis[ss]. Thus, it promises potential utility also in
secondary causes of osteoporosis[m]. In some conditions,
like glucocorticoid-induced osteoporosis and in diabetes
mellitus, the TBS appears to out-perform DXA. It also
appears useful in numerous other diseases associated
with diminished bone health, such as primary hyperpara-
thyroidism, androgen-deficiency, hormone-receptor posi-
tive breast cancer treatment, chronic kidney disease, and
autoimmune diseases like theumatoid arthritis®’. Further
research is required to establish clearly the role of TBS
in these and other disorders that adversely affect bone
health, like CD and UC.

In adjunction to BMD measurement, TBS can be a
useful tool also for monitoring treatment efficacy over
time.

Assessment of hip geometry

Hip geometry, like BMD, has been shown to relate inde-
pendently to hip fracture risk. Loading forces on bone
are distributed over the bone material in cross sections.
The concentrations of loading forces, defined stresses,
are a function of bending moments and cross sectional
geometry. Based on the principle described by Martin
and Burr® a specific program for bone densitom-
etry has been developed, named hip structural analysis
(HSA), that derives the cross sectional geometry from
images acquired from a bone mineral scanner by the
means of DXA. The main structural parameters are the
surface area of the bone in the cross section (CSA) and
the section modulus (Z), which are inversely related to
maximum stresses due to axial and bending loads, respec-
tively™*, CSA is an index of bone resistance to axially
directed loads. Z is computed from the cross sectional
moment of inertia (CSMI) that weights the area in the
cross section by the square of its distance from the cen-
troid. CSMI reflects the flexural strength and is an index
of structural rigidity. The maximum distance between the
center of mass and outer cortex over the average cortical
thickness provides a stability index of the cortex under
compressive loads, bending included, the so called buck-
ling ratio.

A few works have been published about HSA in pri-
mary and secondary osteoporosis[62’64’66’68] and to estimate
bone quality variations after pharmacological treatment
for osteoporosis[(m. A combination of BMD assessment
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and geometric structural measurements may represent an
additional and helpful mean in estimating bone strength
and fracture risk. After therapy, particularly with new
bone formation agents, changes in axial and bending
strength and, for some drugs, in cortical thickness, are
expected.

No data about these topics are available in UC pa-
tients and their investigation could be of considerable
interest.

Treatment of osteoporosis in ulcerative colitis

Calcium and vitamin D represent a well-known non-
pharmacological treatment for osteoporosis, which is
usually employed in conjunction with drugs for primary
and secondary fragility fracture prevention. Measurement
of serum 25-OH-cholecalciferol is the standard method
to assess vitamin D status. A recent point of view of
the Institute of Medicine of the United States National
Academies””, considers at least 50 nmol/L (20 ng/ml.)
the sufficient level for the general healthy population
and suggests a daily global intake of vitamin D of about
700-800 IU for the general population. However, this po-
sition is not overall accepted and other recommendations
suggest higher doses of vitamin D intake for healthy
adults”",

Vitamin D insufficiency is a condition associated with
rickets and osteomalacia, reduced muscle strength, re-
duced appendicular muscle mass, increase in muscle pain,
increase in body sway and consequent risk of falls, and
reduced response to osteoporosis treatment. For insuf-
ficiency [30-50 nmol/L (12-20 ng/mL)] or deficiency [<
30 nmol/L (12 ng/ml)] a greater amount of vitamin D
supplementation is required, identified by IOM up to a
maximum daily dose of 4.000 IU. In this case, a periodic
check of the vitamin D status is necessary (every 1-3
mo), considering the extreme individual variability in the
response, due to various clinical conditions such as mal-
absorption.

In UC vitamin D insufficiency and deficiency are
common, ranging from 45% to 60% of patients[72’73].
Therefore, it appears advisable to routinely check 250H-
vitamin D in UC patients in order to identify and treat
adequately the vitamin D pathological status. Vitamin D
in association with calcium has been used in the treat-
ment of osteoporosis in UC, without significant BMD
improvement.

In the last decade vitamin D has gained a new surge
of scientific interest for its extra-skeletal effects beyond
its action on bone metabolism. The vitamin D receptor
(VDR) has been isolated in tissues other than intestinal
epithelium, distal renal tubules and osteocytes: adrenals,
parathyroids, pituitary gland, mammary gland, ovary,
testis, skin, heart, thymus, lymphocytes and promielo-
cytes, hepatocytes, biliary epithelial cells and colon. Also
lalfa-hydroxylase, the vitamin D activating enzyme, is
expressed in colonic cells™™ A local production of
1,25(0OH)2-vitamin D has been found in skin, lymph
nodes, pancreas, brain, adrenal medulla, monocytes
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and macrophages, and colon™. A recent meta-analysis
showed that higher blood 250H vitamin D levels were
associated with a reduced risk of colorectal cancer:
pooled adjusted OR was 0.94 per 10 nmol/L increase in
250H-vitamin D concentration””. All these experimen-
tal data indicate that vitamin D plays a role in the func-
tion of the cited tissues and organs. It is notable that in
colonic biopsies’ specimens of patients with UC both
VDR expression and VDR protein are reduced respect
to normal. Therefore it is hypothesised that vitamin D
supplementation may be useful in UC patients not only
for osteoporosis treatment purpose, but also for its ex-
traskeletal actions.

Moreover, in UC patients various other actions of
vitamin D might be useful, considering its involvement
in inflammation and immune modulation: reduction of
inflammatory cytokines'™", protective immune modu-
lating properties[sn’sﬂ
epithelial barrier of the colon

Few original clinical trials regarding medical treat-
ments for low bone mass in UC have been published in
literature since the eighties. A recent systematic review

, maintenance of integrity of the
[82]

and meta—analysis[sﬂ has listed only nine works concern-
ing anti-osteoporotic drugs in UC patients. However,
populations considered in these studies are mainly not
homogenous, including both CD and UC, male and fe-
male, pre- and post-menopausal women, active and non-
active disease, different steroid exposure. Within the ana-
lyzed anti-osteoporotic treatments, there are variable con-
comitant medications, with different dosages of calcium
and vitamin D supplementation. Seven of the cited nine
studies have used anti-osteoporotic drugs and two non-
pharmacological treatments (calcium and vitamin D sup-
plementation). Among the seven using drugs, six utilized
anti-resorptive agents (bisphosphonates and calcitonin)
and one an agent stimulating bone formation (fluoride).
Also the duration of the studies is quite different, ranging
from few weeks to few years; this is important because
the effect of osteoporosis treatment on bone mass and
fracture risk is assessable in a reliable way only on a long
period, lasting several years. Moreover, not all these stud-
ies are of outstanding quality.

For all these reasons it is difficult to draw firm con-
clusions, and consequently, definitive recommendations.

To our knowledge in the last five years only three
clinical trials dealt with anti-osteoporotic drugs in ucH™,
These Authors have utilized bisphosphonates (alendro-
nate, risedronate) and calcitonin. Kitazaki and Kriel used
bisphosphonates to prevent glucocorticoid associated
osteoporosis in active UC disease. Alendronate improved
spine BMD after one year of treatment in a steroid
treated UC population very heterogeneous for age (17-70
years, mean age 41 years)*". Kriel administered rise-
dronate for a very short period (two months)™. Pappa
prescribed calcitonin to study its short term efficacy on
spine BMD in UC children and adolescents, without see-
ing significant clinical advance™.

Amino-bisphosphonates, like alendronate and risedro-
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nate, inhibit the enzyme farnesylpyrophosphate-synthase
implicated in the biosynthesis of cholesterol. This action
significantly reduces the prenylation of GTPase proteins,
thus disrupting function of osteoclasts, leading to their
apoptosis[gﬂ. Experimental data in cell culture have
shown that the described bisphosphonate action oc-
curs also in vatious cancer cell lines™. GTPase proteins
have been found to be involved in cancer of colon and
rectum™”", Being very pootly absorbed (less than 1%),
oral bisphosphonates reach the colon and come in con-
tact with the intestinal epithelium. Thus, they could lead
colon cancer cells to apoptosis with the same mecha-
nism™. Moreover, there are experimental evidences that
bisphosphonates could hinder the growth of colon and
rectum cancer inhibiting macrophagesm’gzl and stimulat-
ing a subset of T-cells” involved in cancer developing.
This potential therapeutic effect could be relevant in UC,
where the risk of developing a colorectal cancer is noto-
riously increased.

FINAL CONSIDERATIONS ABOUT
MANAGING OSTEOPOROSIS IN
ULCERATIVE COLITIS

Osteoporosis in UC patients is a high prevalent and a high
incident pathology, and fracture prevention is a mandatory

question. On the other hand, there are scarce evidences
about this issue, and therefore it appears not reasonable
to give specific, population-based-approach recommenda-
tions about primary and secondary prevention of fragility
fractures in UC patients. So it may be more advisable to
suggest an individual-high-risk-approach, inspired by the
consolidated guidelines for the diagnosis and treatment of
post-menopausal osteoporosis.

First step

It is wise to assess vitamin D status in UC patients to
recognize who is predisposed to low levels of vitamin
D. Serum levels of 250H-vitamin D could be measured
in all patients and particularly in those who present well-
known risk factors for deficiency: severe disease, elderly
patients, reduced sun light exposure. Deficiency has to
be treated, preferably with an oral daily cholecalciferol
or calcifediol supplementation. Intermittent large doses,
orally or parenterally, should be reserved in the case of
reduced adherence to therapy. An adequate dietary cal-
cium intake or supplementation and physical activity, if
possible, should be guaranteed.

Osteoporotic risk factors such as smoking and ex-
cessive alcohol intake must be avoided. Steroid has to
be prescribed at the lowest possible dosage and for the
shortest possible time. Moreover, conditions favouring
falling have to been minimized, like carpets, low illumi-
nation, sedatives assumption, vitamin D deficiency.

Secondly

It is advisable to predict the ten years fracture risk in all
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UC patient by the FRAX® tool, that calculates the risk
for many countries of the world for the population aged
from 40 to 90 years.

The use of FRAX in clinical practice demands a
consideration about the fracture probability at which it
is useful to intervene, both for treatment (intervention
threshold) and for BMD testing (assessment threshold).

Assessing fracture probability could be useful to help
physicians in deciding whether to treat or not for osteo-
porosis in order to prevent fragility fractures. A high risk
value could indicate the necessity of treatment, whereas a
low risk value suggests a follow-up only. An intermediate
risk supports the decision to prescribe BMD assessment
and a subsequent patient revaluation for treatment. The
thresholds are variable, since they depend critically on lo-
cal factors varying from country to country, like fracture
incidence, willingness and capability to pay for access to
BMD measurement and for health care in osteoporosis.
Different scenarios are represented for example by The
National Osteoporosis Foundation recommendation for
the United States (www.nof.org) and by The National Os-
teoporosis Guideline Group INOGG) for the UK (www.
shefac.uk/NOGG/)™,

Thirdly

Bone densitometry could be used not only for BMD
measurement, but also to collect data about bone quality
by the means of TBS and HSA assessment. These two
indices could represent a method of interesting perspec-
tives in evaluating bone status in patients affected by
diseases like UC, in which there may be an impairment
of bone quality as well as of bone quantity. Bone quan-
tity accounts for most, but not for all, of the fragility
fractures. No data are published about TBS and HSA in
UC population, and this could be an interesting field for
research.

Fourthly

In literature there is no strong evidence for instituting a
pharmacological therapy in UC patients for clinical indi-
cations other than those that are applied to the patients
with established osteoporosis.

Therefore, a reasonable advice is to prescribe phar-
macological treatment for OP in those UC patients who
present fragility fractures, that bring a high risk for sub-
sequent fractures. Therapy has also to be considered in
presence of a high risk of fracture, particularly when cor-
ticosteroid therapy is prolonged and with high cumulative
doses. In patients without fragility fractures or steroid
treatment, fracture risk assessment could support the
medical decision about treatment, and in this case FRAX
could be of relevant help.

Among drugs for osteoporosis the bisphosphonates
are the most studied, with the best and longest evidence
of efficacy and safety. Despite this, several questions are
still open, such as the lasting of treatment, the neces-
sity to discontinue it, the indication of therapy in young
patients, particularly in those without previous fracture.
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Further, a long-term bisphosphonates use in primary

osteoporosis has been associated with an increased inci-

dence of dramatic, even if uncommon, side effects, like

osteonecrosis of the jaw and atypical sub-trochanteric

and diaphyseal femoral fractures.

UC is a long-lasting disease and the majority of

patients are relatively young. In this condition primary

prevention of fragility fracture is the best cost-effective

strategy. Vitamin D supplementation, adequate calcium

intake, suitable physical activity (when possible), remov-

ing usual risk factors for osteoporosis (like smoking),

and avoiding falling, are the best and the cheapest medi-

cal acts.

REFERENCES

1

2

10

11

12

JBaishideng®

Ford AC, Moayyedi P, Hanauer SB. Ulcerative colitis. BM]
2013; 346: £432 [PMID: 23386404 DOI: 10.1136/ bmj.f432]
Silverberg MS, Satsangi ], Ahmad T, Arnott ID, Bernstein
CN, Brant SR, Caprilli R, Colombel JF, Gasche C, Geboes K,
Jewell DP, Karban A, Loftus EV, Penia AS, Riddell RH, Sachar
DB, Schreiber S, Steinhart AH, Targan SR, Vermeire S, War-
ren BF. Toward an integrated clinical, molecular and serolog-
ical classification of inflammatory bowel disease: report of a
Working Party of the 2005 Montreal World Congress of Gas-
troenterology. Can | Gastroenterol 2005; 19 Suppl A: 5A-36A
[PMID: 16151544]

Kanis JA, McCloskey EV, Johansson H, Cooper C, Rizzoli R,
Reginster JY. European guidance for the diagnosis and man-
agement of osteoporosis in postmenopausal women. Osteopo-
ros Int 2013; 24: 23-57 [PMID: 23079689 DOI: 10.1007/s00198-
012-2074-y]

NIH Consensus Development Panel on Osteoporosis Pre-
vention, Diagnosis, and Therapy. Osteoporosis prevention,
diagnosis, and therapy. JAMA 2001; 285: 785-795 [PMID:
11176917 DOI: 10.1001/jama.285.6.785]

Cooper C. The crippling consequences of fractures and
their impact on quality of life. Am | Med 1997; 103: 125-175S;
discussion 175-19S [PMID: 9302893 DOI: 10.1016/S0002-
9343(97)90022-X]

Cauley JA, Thompson DE, Ensrud KC, Scott JC, Black D. Risk
of mortality following clinical fractures. Osteoporos Int 2000;
11: 556-561 [PMID: 11069188 DOI: 10.1007/s001980070075]
Gallagher JC, Genant HK, Crans GG, Vargas SJ, Krege JH.
Teriparatide reduces the fracture risk associated with increas-
ing number and severity of osteoporotic fractures. | Clin
Endocrinol Metab 2005; 90: 1583-1587 [PMID: 15613428 DOI:
10.1210/jc.2004-0826]

Lindsay R, Silverman SL, Cooper C, Hanley DA, Barton
I, Broy SB, Licata A, Benhamou L, Geusens P, Flowers K,
Stracke H, Seeman E. Risk of new vertebral fracture in the
year following a fracture. JAMA 2001; 285: 320-323 [PMID:
11176842 DOI: 10.1001/jama.285.3.320]

Cameron JR, Sorenson J. Measurement of bone mineral in
vivo: an improved method. Science 1963; 142: 230-232 [PMID:
14057368 DOI: 10.1126/ science.142.3589.230]

Assessment of fracture risk and its application to screening
for postmenopausal osteoporosis. Report of a WHO Study
Group. World Health Organ Tech Rep Ser 1994; 843: 1-129
[PMID: 7941614]

The International Society for Clinical Densitometry. Official
ISCD Positions-Adult [Internet]. Available from: URL: http://
www.iscd.org/ official-positions/ 5th-iscd-position-develop-
ment-conference-adult/

Body JJ, Bergmann P, Boonen S, Boutsen Y, Devogelaer JP,
Goemaere S, Kaufman JM, Rozenberg S, Reginster JY. Evi-
dence-based guidelines for the pharmacological treatment

WJG | www.wjgnet.com

Piodi LP et a/. Managing osteoporosis in ulcerative colitis

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

14095

of postmenopausal osteoporosis: a consensus document by
the Belgian Bone Club. Osteoporos Int 2010; 21: 1657-1680
[PMID: 20480148 DOI: 10.1007/s00198-010-1223-4]

Adami S, Giannini S, Bianchi G, Sinigaglia L, Di Munno O,
Fiore CE, Minisola S, Rossini M. Vitamin D status and respon-
se to treatment in post-menopausal osteoporosis. Osteoporos Int
2009; 20: 239-244 [PMID: 18551242 DOI: 10.1007/s00198-008-
0650-y]

Baio G, Barbagallo M, D’Avola G, Di Luccio A, Di Tanna
GL, Falaschi P, Iolascon G, Malavolta N, Robbiati F, Ulivieri
FM. Improving adherence in osteoporosis: a new manage-
ment algorithm for the patient with osteoporosis. Expert
Opin Pharmacother 2011; 12: 257-268 [PMID: 21226636 DOI:
10.1517/14656566.2011.537259]

Goodhand JR, Kamperidis N, Nguyen H, Wahed M, Ramp-
ton DS. Application of the WHO fracture risk assessment
tool (FRAX) to predict need for DEXA scanning and treat-
ment in patients with inflammatory bowel disease at risk of
osteoporosis. Aliment Pharmacol Ther 2011; 33: 551-558 [PMID:
21198706 DOI: 10.1111/j.1365-2036.2010.04554.x]

Targownik LE, Bernstein CN, Leslie WD. Inflammatory bowel
disease and the risk of osteoporosis and fracture. Maturitas 2013;
76: 315-319 [PMID: 24139749 DOI: 10.1016/j.maturitas.2013.09.009]
Khan N, Abbas AM, Almukhtar RM, Khan A. Prevalence and
predictors of low bone mineral density in males with ulcer-
ative colitis. | Clin Endocrinol Metab 2013; 98: 2368-2375 [PMID:
23596137 DOI: 10.1210/jc.2013-1332]

Ulivieri FM, Piodi LP, Taioli E, Lisciandrano D, Ranzi T, Vezzoli
M, Cermesoni L, Bianchi P. Bone mineral density and body com-
position in ulcerative colitis: a six-year follow-up. Osteoporos Int
2001; 12: 343-348 [PMID: 11444080 DOI: 10.1007/s001980170100]
Targownik LE, Bernstein CN, Leslie WD. Risk factors and
management of osteoporosis in inflammatory bowel disease.
Curr Opin Gastroenterol 2014; 30: 168-174 [PMID: 24419292
DOI: 10.1097/MOG.0000000000000037]

Ghishan FK, Kiela PR. Advances in the understanding of
mineral and bone metabolism in inflammatory bowel diseas-
es. Am | Physiol Gastrointest Liver Physiol 2011; 300: G191-G201
[PMID: 21088237 DOI: 10.1152/ ajpgi.00496.2010]

van Staa TP. The pathogenesis, epidemiology and management
of glucocorticoid-induced osteoporosis. Calcif Tissue Int 2006;
79:129-137 [PMID: 16969593 DOI: 10.1007/500223-006-0019-1]
van Staa TP, Leufkens HG, Cooper C. The epidemiology of
corticosteroid-induced osteoporosis: a meta-analysis. Osteo-
poros Int 2002; 13: 777-787 [PMID: 12378366 DOI: 10.1007/
5001980200108]

Bernstein CN, Leslie WD, Leboff MS. AGA technical review
on osteoporosis in gastrointestinal diseases. Gastroenterol-
ogy 2003; 124: 795-841 [PMID: 12612917 DOI: 10.1053/
gast.2003.50106]

Kornbluth A, Sachar DB. Ulcerative colitis practice guidelines
in adults: American College Of Gastroenterology, Practice
Parameters Committee. Am | Gastroenterol 2010; 105: 501-523;
quiz 524 [PMID: 20068560 DOI: 10.1038/ ajg.2009.727]

Lewis N, Scott B. British Society of Gastroenterology - Guide-
lines for Osteoporosis in Inflammatory Bowel Disease and
Coeliac Disease [Internet]. 2007 [cited 2014 Feb 7]. 1-16. Avail-
able from: URL: http:/ /www.bsg.org.uk/clinical-guidelines/
ibd/ guidelines-for-osteoporosis-in-inflammatory-bowel-
disease-and-coeliac-disease.html

International Society for Clinical Densitometry (ISCD). Official
ISCD Positions-Adult [Internet]. 2013 [cited 2014 Mar 8]. Avail-
able from: URL: http:/ /www.iscd.org/ official-positions /2013-
iscd-official-positions-adult/

National Osteoporosis Foundation (NOF). 2013 Clinician’s
Guide to the Prevention and Treatment of Osteoporosis [Inter-
net]. 2013 [cited 2014 Feb 21]; 1-53. Available from: URL: http://
nof.org/files /nof/ public/ content/ resource/913/files / 870.pdf
United States Food and Drug Administration. Osteoporosis
[Internet]. [cited 2014 Mar 8]. Available from: URL: http://

October 21, 2014 | Volume 20 | Issue 39 |



29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

JRaishideng®

Piodi LP et a/. Managing osteoporosis in ulcerative colitis

www.fda.gov/downloads/ForConsumers/ByAudience/
ForWomen/ FreePublications/ UCM364690.pdf

Svedbom A, Hernlund E, Ivergérd M, Compston ], Cooper C,
Stenmark J, McCloskey EV, Jonsson B, Kanis JA. Osteoporo-
sis in the European Union: a compendium of country-specific
reports. Arch Osteoporos 2013; 8: 137 [PMID: 24113838 DOI:
10.1007/s11657-013-0137-0]

National Institute of Health. NIH Osteoporosis and Related
Bone Diseases National Resource Center [Internet]. [cited 2014
Mar 8]. Available from: URL: http:/ /www.niams.nih.gov/
Health_Info/Bone/Osteoporosis/

U.S. Preventive Services Task Force. Screening for osteo-
porosis: U.S. preventive services task force recommenda-
tion statement. Ann Intern Med 2011; 154: 356-364 [PMID:
21242341 DOI: 10.7326/0003-4819-154-5-201103010-00307]
World Health Organization Collaborating Centre for Meta-
bolic Bone Diseases, University of Sheffield U. FRAX TOOL
[Internet]. [cited 2014 Mar 7]. Available from: URL: http://
www.shef.ac.uk/FRAX/

Targownik LE, Bernstein CN, Nugent Z, Johansson H, Oden
A, McCloskey E, Kanis JA, Leslie WD. Inflammatory bowel
disease and the risk of fracture after controlling for FRAX.
J Bone Miner Res 2013; 28: 1007-1013 [PMID: 23239264 DOI:
10.1002/jbmr.1848]

Kanis JA, McCloskey EV, Johansson H, Strom O, Borgstrom
F, Oden A. Case finding for the management of osteoporo-
sis with FRAX--assessment and intervention thresholds for
the UK. Osteoporos Int 2008; 19: 1395-1408 [PMID: 18751937
DOI: 10.1007 /s00198-008-0712-1]

Compston J, Bowring C, Cooper A, Cooper C, Davies C,
Francis R, Kanis JA, Marsh D, McCloskey EV, Reid DM, Selby
P. Diagnosis and management of osteoporosis in postmeno-
pausal women and older men in the UK: National Osteoporo-
sis Guideline Group (NOGG) update 2013. Maturitas 2013; 75:
392-396 [PMID: 23810490 DOI: 10.1016/j.maturitas.2013.05.013]
Johnell O, Kanis JA, Oden A, Johansson H, De Laet C, Delmas
P, Eisman JA, Fujiwara S, Kroger H, Mellstrom D, Meunier PJ,
Melton LJ, O'Neill T, Pols H, Reeve J, Silman A, Tenenhouse
A. Predictive value of BMD for hip and other fractures. ] Bone
Miner Res 2005; 20: 1185-1194 [PMID: 15940371 DOI: 10.1359/
JBMR.050304]

Hordon LD, Raisi M, Aaron JE, Paxton SK, Beneton M, Kanis
JA. Trabecular architecture in women and men of similar
bone mass with and without vertebral fracture: I. Two-di-
mensional histology. Bone 2000; 27: 271-276 [PMID: 10913921]
Link TM, Majumdar S. Current diagnostic techniques in the
evaluation of bone architecture. Curr Osteoporos Rep 2004; 2:
47-52 [PMID: 16036082]

Genant HK, Engelke K, Prevrhal S. Advanced CT bone im-
aging in osteoporosis. Rheumatology (Oxford) 2008; 47 Suppl
4: iv9-i16 [PMID: 18556648 DOI: 10.1093 /rheumatology/
ken180]

Bredella MA, Misra M, Miller KK, Madisch I, Sarwar A,
Cheung A, Klibanski A, Gupta R. Distal radius in adolescent
girls with anorexia nervosa: trabecular structure analysis with
high-resolution flat-panel volume CT. Radiology 2008; 249:
938-946 [PMID: 19011190 DOI: 10.1148/ radiol.2492080173]
Cheung AM, Adachi JD, Hanley DA, Kendler DL, Davison
KS, Josse R, Brown JP, Ste-Marie LG, Kremer R, Erlandson
MC, Dian L, Burghardt AJ, Boyd SK. High-resolution periph-
eral quantitative computed tomography for the assessment
of bone strength and structure: a review by the Canadian
Bone Strength Working Group. Curr Osteoporos Rep 2013; 11:
136-146 [PMID: 23525967 DOI: 10.1007/s11914-013-0140-9]
Krug R, Carballido-Gamio J, Banerjee S, Burghardt AJ, Link
TM, Majumdar S. In vivo ultra-high-field magnetic reso-
nance imaging of trabecular bone microarchitecture at 7 T. |
Magn Reson Imaging 2008; 27: 854-859 [PMID: 18383263 DOI:
10.1002/jmri.21325]

Caligiuri P, Giger ML, Favus M]J, Jia H, Doi K, Dixon LB. Com-

WJG | www.wjgnet.com

45

46

47

48

49

50

51

52

53

55

56

57

58

14096

puterized radiographic analysis of osteoporosis: preliminary
evaluation. Radiology 1993; 186: 471-474 [PMID: 8421753 DOI:
10.1148/radiology.186.2.8421753]

Samarabandu J, Acharya R, Hausmann E, Allen K. Analysis of
bone X-rays using morphological fractals. IEEE Trans Med Imag-
ing 1993; 12: 466-470 [PMID: 18218438 DOI: 10.1109/42.241873]
Prouteau S, Ducher G, Nanyan P, Lemineur G, Benhamou L,
Courteix D. Fractal analysis of bone texture: a screening tool
for stress fracture risk? Eur | Clin Invest 2004; 34: 137-142
[PMID: 14764077]

Gregory JS, Stewart A, Undrill PE, Reid DM, Aspden RM.
Identification of hip fracture patients from radiographs using
Fourier analysis of the trabecular structure: a cross-sectional
study. BMC Med Imaging 2004; 4: 4 [PMID: 15469614 DOI:
10.1186/1471-2342-4-4]

Chappard D, Guggenbuhl P, Legrand E, Baslé MF, Audran
M. Texture analysis of X-ray radiographs is correlated with
bone histomorphometry. | Bone Miner Metab 2005; 23: 24-29
[PMID: 15616890 DOI: 10.1007/s00774-004-0536-9]

Vokes TJ, Giger ML, Chinander MR, Karrison TG, Favus M],
Dixon LB. Radiographic texture analysis of densitometer-
generated calcaneus images differentiates postmenopausal
women with and without fractures. Osteoporos Int 2006; 17:
1472-1482 [PMID: 16838099 DOI: 10.1007 /s00198-006-0089-y]
Bonnick SL. Bone Densitometry in Clinical Practice: Ap-
plication and Interpretation. 3rd ed. 20. 978-1603274982:
Humana Press, 2009

Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral frac-
ture assessment using a semiquantitative technique. | Bone
Miner Res 1993; 8: 1137-1148 [PMID: 8237484 DOI: 10.1002/
jbmr.5650080915]

Duboeuf F, Bauer DC, Chapurlat RD, Dinten JM, Delmas P.
Assessment of vertebral fracture using densitometric mor-
phometry. | Clin Densitom 2005; 8: 362-368 [PMID: 16055969]
Faulkner KG, Cummings SR, Black D, Palermo L, Gliier CC,
Genant HK. Simple measurement of femoral geometry pre-
dicts hip fracture: the study of osteoporotic fractures. ] Bone
Miner Res 1993; 8: 1211-1217 [PMID: 8256658 DOI: 10.1002/
jbmr.5650081008]

Beck TJ, Ruff CB, Warden KE, Scott WW, Rao GU. Predict-
ing femoral neck strength from bone mineral data. A struc-
tural approach. Invest Radiol 1990; 25: 6-18 [PMID: 2298552]
Nakamura T, Turner CH, Yoshikawa T, Slemenda CW, Peacock
M, Burr DB, Mizuno Y, Orimo H, Ouchi Y, Johnston CC. Do
variations in hip geometry explain differences in hip fracture risk
between Japanese and white Americans? | Bone Miner Res 1994; 9:
1071-1076 [PMID: 7942154 DOI: 10.1002/jbmr.5650090715]
Langton CM, Pisharody S, Keyak JH. Comparison of 3D
finite element analysis derived stiffness and BMD to deter-
mine the failure load of the excised proximal femur. Med
Eng Phys 2009; 31: 668-672 [PMID: 19230742 DOI: 10.1016/
j.medengphy.2008.12.007]

Boehm HF, Vogel T, Panteleon A, Burklein D, Bitterling H,
Reiser M. Differentiation between post-menopausal women
with and without hip fractures: enhanced evaluation of clin-
ical DXA by topological analysis of the mineral distribution
in the scan images. Osteoporos Int 2007; 18: 779-787 [PMID:
17235663 DOI: 10.1007/500198-006-0302-z]

Hans D, Barthe N, Boutroy S, Pothuaud L, Winzenrieth R,
Krieg MA. Correlations between trabecular bone score, mea-
sured using anteroposterior dual-energy X-ray absorptiometry
acquisition, and 3-dimensional parameters of bone microarchi-
tecture: an experimental study on human cadaver vertebrae. |
Clin Densitom 2011; 14: 302-312 [PMID: 21724435 DOI: 10.1016/
jjocd.2011.05.005]

Silva BC, Leslie WD, Resch H, Lamy O, Lesnyak O, Binkley
N, McCloskey EV, Kanis JA, Bilezikian JP. Trabecular bone
score: a noninvasive analytical method based upon the DXA
image. | Bone Miner Res 2014; 29: 518-530 [PMID: 24443324
DOI: 10.1002/jbmr.2176]

October 21, 2014 | Volume 20 | Issue 39 |



59

60

61

62

63

64

65

66

67

68

69

70

71

JRaishideng®

Winzenrieth R, Michelet F, Hans D. Three-dimensional (3D)
microarchitecture correlations with 2D projection image gray-
level variations assessed by trabecular bone score using high-
resolution computed tomographic acquisitions: effects of
resolution and noise. | Clin Densitom 2013; 16: 287-296 [PMID:
22749406 DOI: 10.1016/j,jocd.2012.05.001]

Roux JP, Wegrzyn J, Boutroy S, Bouxsein ML, Hans D,
Chapurlat R. The predictive value of trabecular bone score (TBS)
on whole lumbar vertebrae mechanics: an ex vivo study. Os-
teoporos Int 2013; 24: 2455-2460 [PMID: 23468074 DOI: 10.1007/
s00198-013-2316-7]

Ulivieri FM, Silva BC, Sardanelli F, Hans D, Bilezikian JP,
Caudarella R. Utility of the trabecular bone score (TBS) in
secondary osteoporosis. Endocrine 2014; Epub ahead of print
[PMID: 24853880]

Crabtree NJ, Kroger H, Martin A, Pols HA, Lorenc R, Nijs
J, Stepan JJ, Falch JA, Miazgowski T, Grazio S, Raptou P,
Adams J, Collings A, Khaw KT, Rushton N, Lunt M, Dixon
AK, Reeve J. Improving risk assessment: hip geometry,
bone mineral distribution and bone strength in hip fracture
cases and controls. The EPOS study. European Prospective
Osteoporosis Study. Osteoporos Int 2002; 13: 48-54 [PMID:
11883408 DOI: 10.1007/5198-002-8337-y]

Martin RB, Burr DB. Non-invasive measurement of long
bone cross-sectional moment of inertia by photon absorp-
tiometry. | Biomech 1984; 17: 195-201 [PMID: 6736056 DOI:
10.1016/0021-9290(84)90010-1]

Danielson ME, Beck TJ, Karlamangla AS, Greendale GA,
Atkinson EJ, Lian Y, Khaled AS, Keaveny TM, Kopperdahl D,
Ruppert K, Greenspan S, Vuga M, Cauley JA. A comparison
of DXA and CT based methods for estimating the strength of
the femoral neck in post-menopausal women. Osteoporos Int
2013; 24: 1379-1388 [PMID: 22810918 DOI: 10.1007/s00198-
012-2066-y]

Ramamurthi K, Ahmad O, Engelke K, Taylor RH, Zhu K,
Gustafsson S, Prince RL, Wilson KE. An in vivo comparison
of hip structure analysis (HSA) with measurements obtained
by QCT. Osteoporos Int 2012; 23: 543-551 [PMID: 21394495
DOI: 10.1007/500198-011-1578-1]

Kaptoge S, Dalzell N, Loveridge N, Beck T], Khaw KT, Reeve
J. Effects of gender, anthropometric variables, and aging on
the evolution of hip strength in men and women aged over
65. Bone 2003; 32: 561-570 [PMID: 12753873 DOI: 10.1016/
58756-3282(03)00055-3]

Hamilton CJ, Jamal SA, Beck TJ, Khaled AS, Adachi JD,
Brown JP, Davison KS. Evidence for impaired skeletal load
adaptation among Canadian women with type 2 diabetes
mellitus: insight into the BMD and bone fragility para-
dox. Metabolism 2013; 62: 1401-1405 [PMID: 23768546 DOI:
10.1016/j.metabol.2013.05.004]

Kocijan R, Muschitz C, Fratzl-Zelman N, Haschka J, Dimai
HP, Trubrich A, Bittighofer C, Resch H. Femoral geometric
parameters and BMD measurements by DXA in adult pa-
tients with different types of osteogenesis imperfecta. Skel-
etal Radiol 2013; 42: 187-194 [PMID: 22955449 DOI: 10.1007/
500256-012-1512-4]

Uusi-Rasi K, Semanick LM, Zanchetta JR, Bogado CE, Erik-
sen EF, Sato M, Beck TJ. Effects of teriparatide [rhPTH (1-34)]
treatment on structural geometry of the proximal femur in
elderly osteoporotic women. Bone 2005; 36: 948-958 [PMID:
15878318 DOI: 10.1016/j.bone.2005.03.003]

Committee to Review Dietary Reference Intakes for Calcium
and Vitamin D. Institute of Medicine of the USA national
academies. Dietary Reference Intakes for Calcium and Vita-
min D. The National Academies Press; 9780309163941, 2011.
Available from: URL: http://www.nap.edu/openbook.
php?record_id=13050

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM,
Hanley DA, Heaney RP, Murad MH, Weaver CM. Evalu-
ation, treatment, and prevention of vitamin D deficiency:

WJG | www.wjgnet.com

Piodi LP et a/. Managing osteoporosis in ulcerative colitis

72

73

74

75

76

77

78

79

80

81

82

83

84

85

14097

an Endocrine Society clinical practice guideline. ] Clin En-
docrinol Metab 2011; 96: 1911-1930 [PMID: 21646368 DOI:
10.1210/jc.2011-0385]

Ulitsky A, Ananthakrishnan AN, Naik A, Skaros S, Zadvor-
nova Y, Binion DG, Issa M. Vitamin D deficiency in patients
with inflammatory bowel disease: association with disease
activity and quality of life. JPEN | Parenter Enteral Nutr 2011;
35: 308-316 [PMID: 21527593 DOI: 10.1177/0148607110381267]
Kuwabara A, Tanaka K, Tsugawa N, Nakase H, Tsuji H,
Shide K, Kamao M, Chiba T, Inagaki N, Okano T, Kido S.
High prevalence of vitamin K and D deficiency and decreased
BMD in inflammatory bowel disease. Osteoporos Int 2009; 20:
935-942 [PMID: 18825300 DOI: 10.1007/s00198-008-0764-2]
Khan AA, Dragt BS, Porte R], Groothuis GM. Regulation
of VDR expression in rat and human intestine and liver--
consequences for CYP3A expression. Toxicol In Vitro 2010; 24:
822-829 [PMID: 20006981 DOI: 10.1016/j.tiv.2009.12.011]
Ceglia L. Vitamin D and skeletal muscle tissue and function.
Mol Aspects Med 2008; 29: 407-414 [PMID: 18727936 DOI:
10.1016/j.mam.2008.07.002]

Zehnder D, Bland R, Williams MC, McNinch RW, Howie
AJ, Stewart PM, Hewison M. Extrarenal expression of 25-hy-
droxyvitamin d(3)-1 alpha-hydroxylase. | Clin Endocrinol
Metab 2001; 86: 888-894 [PMID: 11158062 DOI: 10.1210/
jcem.86.2.7220]

Chung M, Lee J, Terasawa T, Lau J, Trikalinos TA. Vitamin
D with or without calcium supplementation for prevention
of cancer and fractures: an updated meta-analysis for the U.S.
Preventive Services Task Force. Ann Intern Med 2011; 155:
827-838 [PMID: 22184690 DOI: 10.7326/0003-4819-155-12-20
1112200-00005]

Yu S, Bruce D, Froicu M, Weaver V, Cantorna MT. Failure of
T cell homing, reduced CD4/CD8alphaalpha intraepithelial
lymphocytes, and inflammation in the gut of vitamin D recep-
tor KO mice. Proc Natl Acad Sci USA 2008; 105: 20834-20839
[PMID: 19095793 DOI: 10.1073/pnas.0808700106]

Mahon BD, Wittke A, Weaver V, Cantorna MT. The targets
of vitamin D depend on the differentiation and activation
status of CD4 positive T cells. ] Cell Biochem 2003; 89: 922-932
[PMID: 12874827 DOI: 10.1002/jcb.10580]

Cantorna MT, Zhu Y, Froicu M, Wittke A. Vitamin D status,
1,25-dihydroxyvitamin D3, and the immune system. Am |
Clin Nutr 2004; 80: 17175-1720S [PMID: 15585793]

Froicu M, Weaver V, Wynn TA, McDowell MA, Welsh JE,
Cantorna MT. A crucial role for the vitamin D receptor in ex-
perimental inflammatory bowel diseases. Mol Endocrinol 2003;
17: 2386-2392 [PMID: 14500760 DOI: 10.1210/ me.2003-0281]
Kong J, Zhang Z, Musch MW, Ning G, Sun ], Hart ], Bis-
sonnette M, Li YC. Novel role of the vitamin D receptor in
maintaining the integrity of the intestinal mucosal barrier.
Am ] Physiol Gastrointest Liver Physiol 2008; 294: G208-G216
[PMID: 17962355 DOI: 10.1152/ ajpgi.00398.2007]

Melek J, Sakuraba A. Efficacy and safety of medical therapy
for low bone mineral density in patients with inflammatory
bowel disease: a meta-analysis and systematic review. Clin
Gastroenterol Hepatol 2014; 12: 32-44.e5 [PMID: 23981521
DOI: 10.1016/j.cgh.2013.08.024]

Kitazaki S, Mitsuyama K, Masuda ], Harada K, Yamasaki
H, Kuwaki K, Takedatsu H, Sugiyama G, Tsuruta O, Sata
M. Clinical trial: comparison of alendronate and alfacalcidol
in glucocorticoid-associated osteoporosis in patients with
ulcerative colitis. Aliment Pharmacol Ther 2009; 29: 424-430
[PMID: 19035979 DOI: 10.1111/j.1365-2036.2008.03899.x]
Kriel MH, Tobias JH, Creed TJ, Lockett M, Linehan J, Bell
A, Przemioslo R, Smithson JE, Brooklyn TN, Fraser WD,
Probert CS. Use of risedronate to prevent bone loss fol-
lowing a single course of glucocorticoids: findings from a
proof-of-concept study in inflammatory bowel disease. Os-
teoporos Int 2010; 21: 507-513 [PMID: 19484170 DOI: 10.1007/
s00198-009-0960-8]

October 21, 2014 | Volume 20 | Issue 39 |



86

87

88

89

90

JRaishideng®

Piodi LP et a/. Managing osteoporosis in ulcerative colitis

Pappa HM, Saslowsky TM, Filip-Dhima R, DiFabio D, Has-
sani Lahsinoui H, Akkad A, Grand R], Gordon CM. Efficacy
and harms of nasal calcitonin in improving bone density in
young patients with inflammatory bowel disease: a random-
ized, placebo-controlled, double-blind trial. Am | Gastroen-
terol 2011; 106: 1527-1543 [PMID: 21519359 DOI: 10.1038/
ajg.2011.129]

Russell RG, Watts NB, Ebetino FH, Rogers M]. Mechanisms
of action of bisphosphonates: similarities and differences and
their potential influence on clinical efficacy. Osteoporos Int 2008;
19: 733-759 [PMID: 18214569 DOI: 10.1007 /s00198-007-0540-8]
Pazianas M, Russell RG. Potential therapeutic effects of oral
bisphosphonates on the intestine. Ann N 'Y Acad Sci 2011; 1240:
E19-E25 [PMID: 22360293 DOI: 10.1111/}.1749-6632.2011.06372.
X]

Guenther A, Gordon S, Tiemann M, Burger R, Bakker F,
Green JR, Baum W, Roelofs AJ, Rogers MJ, Gramatzki M.
The bisphosphonate zoledronic acid has antimyeloma activ-
ity in vivo by inhibition of protein prenylation. Int | Cancer
2010; 126: 239-246 [PMID: 19621390 DOI: 10.1002/ijc.24758]
Walker K, Olson MF. Targeting Ras and Rho GTPases as op-

WJG | www.wjgnet.com

14098

91

92

93

94

portunities for cancer therapeutics. Curr Opin Genet Dev 2005;
15: 62-68 [PMID: 15661535 DOI: 10.1016/j.gde.2004.11.001]
Ballester I, Daddaoua A, Lopez-Posadas R, Nieto A, Sudrez
MD, Zarzuelo A, Martinez-Augustin O, Sinchez de Medina
F. The bisphosphonate alendronate improves the damage
associated with trinitrobenzenesulfonic acid-induced colitis
in rats. Br | Pharmacol 2007; 151: 206-215 [PMID: 17375077
DOI: 10.1038/sj.bjp.0707227]

Sassa S, Okabe H, Nemoto N, Kikuchi H, Kudo H, Sakamoto
S. Ibadronate may prevent colorectal carcinogenesis in mice
with ulcerative colitis. Anticancer Res 2009; 29: 4615-4619
[PMID: 20032411]

Roelofs AJ, Jauhiainen M, Monkkonen H, Rogers M]J, Monk-
koénen J, Thompson K. Peripheral blood monocytes are
responsible for gammadelta T cell activation induced by
zoledronic acid through accumulation of IPP/DMAPP. Br |
Haematol 2009; 144: 245-250 [PMID: 19016713 DOI: 10.1111/
j-1365-2141.2008.07435.x]

Benzaid I, Clézardin P. Nitrogen-containing bisphospho-
nates and human yd T cells. IBMS Bonekey 2010; 7: 208-217
[DOI: 10.1138/20100450]

P- Reviewer: Bonaz BL S- Editor: Qi Y
L- Editor: A E- Editor: Liu XM

October 21, 2014 | Volume 20 | Issue 39 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

VTR o
© 2014 Baishideng Publishing Group Inc. All rights reserved.




	14087
	WJGv20i39-The Back cover

