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NS ABRAHAM, RN FEDORAK. Osteoporosis of Crohn’s disease: A
critical review. Can ] Gastroenterol 1996;10(5):317-321. Osteo-
porosis has long been a recognized complication of Crohn’s dis-
ease (CD), with a documented incidence ranging from 31% to
65%. The cause of osteoporosis in Crohn’s patients is likely multi-
factorial; corticosteroids, inflammatory cytokines, small bowel re-
section and the resultant calcium and vitamin D deficiencies,
hypogonadism, malnutrition and the cachexia of inflammation all
play a role. However, the mechanism responsible for osteoporosis
associated with CD remains unclear. Treatment of decreased bone
density in CD patients has been limited to calcium and vitamin D
replacement. The present understanding of the pathophysiology,
mechanism and treatment of osteoporosis in CD is reviewed, with
the focus on the role of steroid-induced osteoporosis and the use of
bisphosphonates.
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™ he association between Crohn’s disease (CD) and met-

A abolic bone disease has long been recognized. Early
studies documented an incidence of osteopenia or clinical
osteoporosis ranging from 31% (1) to 65% (2). The clinical
significance of osteoporosis lies in its morbidity and mortal-
ity, which are solely attributable to fractures. In CD the frac-
ture rate has been documented at 6% (3). These impressive
rates are likely to be underestimates. Most early studies relied
on a variety of radiologic methods to detect osteoporosis be-
fore the clinical onset of fragility fractures. These insensitive
methods, which included radiographical skeletal survey and
quantitative computed tomography (CT), lacked the preci-
sion of dual energy x-ray absorptiometry, which is now
widely available. This technique is not only more precise

Ostéoporose et maladie de Crohn : résumé de
synthése

RESUME : L’ostéoporose est depuis longtemps reconnue comme une
complication de la maladie de Crohn, avec une incidence documentée al-
lant de 31 % 2 65 %. La cause de 'ostéoporose chez les patients atteints de
maladie de Crohn est probablement plurifactorielle : corticostéroides, cy-
tokines inflammatoires, infection de I'intestin gréle et déficit secondaire en
calcium et vitamine D, hypogonadisme, malnutrition et cachexie de I'in-
flammation ont tous un rdle a jouer. Toutefois, le mécanisme responsable
de l'ostéoporose associé a la maladie de Crohn reste mal élucidé. Le traite-
ment de la perte de densité osseuse chez les patients atteints de maladie de
Crohn s’est limité a 'administration de calcium et de vitamine D. Cet arti-
cle passe en revue I’état actuel de nos connaissances sur la physiopatholo-
gie, le mécanisme et le traitement de l'ostéoporose dans la maladie de
Crohn et s’attarde au role des corticostéroides dans I'ostéoporose et a 'em-
ploi des biphosphonates.

than conventional methods in assessing bone mass in both
axial and appendicular views, but also uses a low radiation
dose and is clinically acceptable to both physicians and pa-
tients.

CLINICAL SIGNIFICANCE

Bone mass is the major determinant of fracture risk. It has
been suggested that, for every reduction in bone density of
1 SD, fracture risk increases by 1.5 to 3.0. The strength of this
predictive relationship is similar to that of hypertension and
stroke, or hyperlipidemia and coronary artery disease (4).

Clinically, there are accepted densitometric criteria for
the assessment of bone mass. These criteria have been devel-
oped for women, primarily through a multitude of prospec-
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tive and cross-sectional studies involving hormone replace-
ment therapy for postmenopausal women. These thresholds
are based on T scores, SD scores expressed in relation to ref-
erence mean values obtained in healthy young adults with
normal bone densities. Normal bone density is described as
T value greater than 1. T values between —1 and —2.5 suggest
osteopenia, while osteoporosis, a further clinical deteriora-
tion in bone mineral density (BMD), correlates significantly
with T values less than —2.5. Criteria for men have not been

established (4).

PATHOPHYSIOLOGY

Histologically, osteoporosis is characterized by bone loss
and disruption of bone micro-architecture. Osteoporotic
bone has a decreased bone volume and displays a lowered
mineralized matrix per unit volume. As well, it features de-
creased trabecular bridging, providing fewer struts for sup-
port than healthy bone. Although osteoporosis can affect all
bone, trabecular bone (vertebrae, femoral head and distal ra-
dius) tends to be much more affected by osteoporosis than
compact or cortical bone (shaft of long bones). The reduced
mass of trabecular bones provides an increased risk of col-
lapse or fracture, as can be seen in the predominance of com-
pression fractures of the vertebrae and fragility fractures of
the femoral head and distal radius.

Bone is a living organ that is constantly undergoing re-
newal through remodelling. Control of bone remodelling is
complex and only poorly understood. It is based on a cycle of
resorption followed by formation. This cycle is referred to as
coupling.

At the cellular level, the most important mechanism in-
volved in osteoporotic bone loss is that of increased bone
turnover, during which the number of remodelling units is
increased, resulting in an increase in the percentage of bone
surface occupied by resorptive cavities. Secondarily, a nega-
tive remodelling imbalance exists, in which the amount of
bone formed within a remodelling unit is less than that re-
sorbed. This combination leads to bone loss (4).

The rate of bone formation or bone resorption can be as-
sessed by biochemical markers. Markers of bone resorption
include urinary excretion of hydroxyproline, N-telopeptide,
serum tartrate-resistant acid phosphatase, pyridinoline and
deoxypyridinoline. Bone formation rates can be biochemi-
cally assessed using serum alkaline phosphatase, osteocalcin
and procollagen peptides.

MECHANISM OF OSTEOPOROSIS IN CD

The cause of osteoporosis experienced by Crohn’s pa-
tients is likely multifactorial, with corticosteroids (5), in-
flammatory cytokines (2), small bowel resection and the
resultant calcium and vitamin D deficiency (6), hypogona-
dism (4), malnutrition (1) and the cachexia of inflammation
all playing roles in the disease process. The mechanism re-
sponsible for osteopenia and osteoporosis in CD is unclear.
Many investigators have supported theories involving in-
creased bone turnover or negative remodelling imbalance.
Hessov et al (7), for instance, found normal bone turnover
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but speculated that the reduction in bone mass was due to a
negative remodelling imbalance. In comparison, Croucher
and associates (8) found a significant reduction in bone turn-
over and evidence of a negative remodelling balance, due
mainly to a reduction in the amount of bone formed within
each remodelling unit.

Inflammatory response: Other possible causes of osteoporo-
sis in CD patients involve abnormalities of the mononuclear
phagocytic system, causing excessive resorption by osteoclasts
or mediators from the inflamed gut and triggering osteoclast
activity. Cytokines, which are released from the inflamed gut
and regulate osteoclast function, include interleukin-1, tu-
mour necrosis factor, transforming growth factor-alpha,
interferon-gamma, interleukin-1 receptor antagonist and
interleukin-4 (9). Bjarnason et al (2) suggested that a selec-
tive increase in osteoclast markers implies an increased bone
breakdown without compensatory increase in bone forma-
tion, which may reflect lymphokine-induced activation of
osteoclasts.

Controlling the inflammatory response in CD may con-

tribute to improvements in bone metabolism. In patients
with quiescent CD, BMD is decreased in only 30%, with no
sign of increased bone resorption or decreased formation bio-
chemically detectable (10). Abitol’s group (3) found a
change in BMD that equalled —6.2+ 7%/year in cases of ac-
tive disease and +0.9+ 4%/year (P<0.002) in cases of inactive
disease. As well, patients with active IBD experienced rapid
and significant (—6%) cortical and trabecular bone loss
which stopped with suppression of the inflammatory process
through use of immunosuppressives, ileoanal anastomosis or
low dose corticosteroids. Those researchers concluded that
early control of disease activity may prevent osteopenia and
the associated late spontaneous fracture.
Corticosteroids: The role corticosteroids play in developing
the osteoporosis of CD remains a mystery. It is known that
steroids affect both bone resorption and formation. Corticos-
teroids exert a direct effect on the proliferation and differen-
tiation of osteoblast precursors and the function of mature
osteoblasts, which contain receptors for glucocorticoids.
Glucocorticoid use also reduces local production of prosta-
glandin E, and insulin-like growth factor-1, while simultane-
ously increasing skeletal sensitivity to the effects of
parathyroid hormone and 1,25-dihydroxyvitamin D. These
effects are likely exacerbated in men by a reduction in circu-
lating testosterone levels and in woman by a reduction in the
production of gonadal hormones. These effects appear to re-
sult from inhibition of gonadotrophin and adrenocortico-
tropic hormone secretion by the pituitary gland and from
direct effects on the gonads (4).

Steroid effects on bone resorption involve a complicated
interaction among increased parathyroid hormone secretion
secondary to calcium malabsorption; increased renal calci-
uria secondary to inhibition of its reabsorption in the renal
tubule; and sex hormone deficiency. Calcium malabsorption
from the gut is inhibited by a mechanism that is independent
of vitamin D. Direct stimulation of osteoclast function by
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glucocorticoids may occur but this has not been consistently
demonstrated (11).

Corticosteroid-induced rapid bone loss: The major effect of
long term corticosteroid use is inhibition of osteoblast pro-
liferation and function. Histomorphometric studies of pa-
tients with corticosteroid-induced osteoporosis have
generally shown low or normal bone turnover accom-
panied by a negative remodelling imbalance due to reduced
bone formation (12). Evidence suggests that, in the early
stages of steroid therapy a rapid loss of bone, especially can-
cellous bone, occurs; this process is not completely under-
stood. Lo Cascio et al (13) and Reid and Heap (14) suggested
that increased bone resorption occurs at that time. This rapid
period of bone loss that follows the initiation of corticoster-
oid therapy is followed by a slower, but continuing decline in
BMD (14).

Other investigators disagree with the idea of initial rapid
bone loss. In a two-year longitudinal study Ghosh et al (9)
found no correlation between rate of bone loss and predniso-
lone therapy. BMD and biochemical parameters were meas-
ured in 15 CD patients and 15 UC patients, all of whom
were newly diagnosed. Densitometry was performed initially
and after one year. Eleven of the 15 CD patients scored more
than 150 on the Crohn’s Disease Activity Index, indicating
active disease. Ten of the 15 UC patients had Truelove in-
dexes suggestive of active disease. Repeat measurements
were taken in 23 patients, 20 of whom received steroids, to
assess progressive bone loss and the effects of therapy. Mean
cumulative corticosteroid dose between initial and follow-
up BMD measurements was 2.82 g (SD 3.75 g). Mean spine
BMD was 0.88+ 0.17 in patients with CD. One year later, the
repeat measurement spine score was 1.37 (SD 0.82), a find-
ing not significantly different from initial measurements.
Those investigators concluded that their study failed to con-
firm the theory that rapid bone loss occurs following initia-
tion of prednisone therapy.

Effects of cumulative corticosteroid dose: Although there
is conflicting evidence arising from cross-sectional studies,
most investigators believe that cumulative corticosteroid
dose and its effect on ostoid formation are crucial to cortico-
steroid-induced osteoporosis. Motley and co-workers (15)
found a significant correlation between the amount of corti-
costeroid prescribed and spinal trabecular bone loss in males,
but no significant correlation with other clinical parameters.
In one study of 84 patients (49 women and 35 men) with in-
flammatory bowel disease (IBD), clinical, dietary, radiologic,
densitometric and biochemical assessments of BMD were
performed. Seventeen patients had active CD and 19 had ac-
tive UC. Thirty-two patients had never undergone corticos-
teroid therapy, but among those who had, cumulative
lifetime corticosteroid dose was 10.5+ 13.0 g (range 0.3 to
64.8). In 29 patients (34%), 12 of whom had never under-
gone corticosteroid therapy, serum osteocalcin was below
2 mg/mL. The investigators concluded that no difference ex-
isted between patients who were undergoing corticosteroid
treatment and patients who were not. However, bone density
analysis (lumbar T score) by multiple regression analysis re-
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vealed that a statistically significant correlation among cu-
mulative corticosteroid dose, sedimentation rate, age and os-
teocalcin level became apparent (1).

High doses and prolonged therapy appear to be associated

with the greatest amount of bone damage in patients with
other diseases. Researchers have reported a vertebral fracture
prevalence of 34% in asthmatics treated with a mean dose of
12 mg/day prednisone for a mean period of nine years (16).
Similar fracture incidences have been reported for patients
receiving long term corticosteroid therapy for rheumatoid
arthritis. In 1991 Michel et al (17) reported that, over a
five-year period, 34% of women receiving more than 5 mg/
day prednisone experienced a fracture. It thus seems prudent
to maintain CD patients on the minimum dose of corticos-
teroid required to control symptoms.
Malnutrition: Patients with CD often must battle persistent
malnutrition and the resultant weight loss. Malnutrition in
IBD is caused by a multitude of factors: reduced oral intake,
malabsorption, drugs, increased nutrient loss associated with
diarrhea and increased requirements of chronic IBD. Indi-
viduals with CD often experience deficiencies in a number of
key nutrients, including vitamin Bj,, magnesium, zinc and
copper. Many studies in the past 10 years have examined cal-
cium and vitamin D malabsorption and their effect on BMD.
Studies addressing the effect of fat malabsorption, enhanced
absorption of dietary oxalate, hyperoxaluria secondary to
steatorrhea and protein-losing enteropathy on osteoporotic
bone have not yet been performed. It is impossible to quantify
the role malnutrition plays in the osteoporosis of CD. Further
study is required to delineate the importance of so many nu-
tritional defects on skeletal demineralization.

THERAPY

Research into the treatment of CD-related osteoporosis
has long been neglected. Few studies have involved IBD pa-
tients; most have concentrated on those with low BMD
caused by hormonal change, chronic inflammation or long
term glucocorticoid therapy.
Calcium and vitamin D: Calcium and vitamin D are gener-
ally used in the treatment of postmenopausal women and
considered standard of care in osteoporosis patients. Because
the average daily intake of calcium often falls below the daily
recommended amount of 1.0 to 1.5 g in peri- and postmeno-
pausal women, calcium supplements are often prescribed for
these groups and give positive long term results. Supplements
reduce menopausal bone loss and may increase bone mass in
premenopausal women (18). Proponents suggest that cal-
cium supplementation reduces parathyroid hormone secre-
tion and, hence, bone turnover. Recently calcium
replacement therapy (oral calcium carbonate 500 mg bid) for
induced osteoporosis was studied. Treatment with calcitriol
and calcium supplements prevented bone loss in the spine,
but not in the radius or femoral neck (19). However, Sam-
brook et al (20) concluded that calcium supplementation for
steroid-using IBD patients with decreased bone density sig-
nificantly increased bone density after one year. Therefore,
while it is likely that calcium supplementation provides
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some benefit to patients, it cannot completely block steroid-
induced bone loss (21).

The benefits of combining calcium and vitamin D supple-
mentation for Crohn’s patients are still unclear. CD patients
have not yet been adequately studied. Compton and
Creamer (6) found that vitamin D deficiency was common
in CD patients despite adequate exposure to ultraviolet irra-
diation. As well, it has been clearly demonstrated that sea-
sonal variations exist in vitamin D exposure (4). Some
researchers recommend that any detectable vitamin D defi-
ciency should be corrected with oral or parenteral admini-
stration of vitamin D at 400 IU/day.

Other researchers do not believe that malabsorption of
vitamin D plays a major role in the etiology of Crohn’s-
-related osteoporosis. Bernstein et al (22) point out that pa-
tients with colonic disease have bone densities similar to
those of patients with small bowel involvement. They sug-
gest that, although calcium or vitamin D deficiency may ex-
ist despite normal biochemistry, bone histology is required to
exclude this possibility definitively. As the controversy re-
garding the role of vitamin D and calcium supplementation
in CD continues, the current trend in care favours supple-
mentation.

Fluoride: Fluoride use has met with limited success in treat-
ing CD-related osteoporosis. Fluoride has a potent anabolic
effect on bone and results in large, sustained increases in the
density of trabecular bone (23). Fluoride 20 mg/day also re-
duces fracture incidence in women with postmenopausal os-
teoporosis (24). However, Riggs and colleagues (23) found
that osteomalacia resulted when higher doses of fluoride were
used, and that the fracture rate was not reduced. Fluoride effi-
cacy in preventing fractures due to steroid osteoporosis has
not been unequivocally demonstrated. Furthermore, the
dangers that high cumulative fluoride doses pose to bone
quality must be considered. No studies have examined the
use of fluoride by CD patients to prevent skeletal bone dem-
ineralization.

Calcitonin: Calcitonin is a hormone that directly inhibits
osteoclast activity, thus reducing bone resorption. It is used
in many countries for the routine treatment of postmeno-
pausal osteoporosis. Studies done in the late 1980s and early
1990s showed that calcitonin was an effective prophylaxis
against steroid osteoporosis in the short term. For example,
Ringe and Welzel (25) found an increase in forearm bone
mineral content of approximately 3% in steroid-dependent
patients treated with parenteral calcitonin over six months;
patients receiving placebo suffered a 3% loss in BMD. De-
spite other promising short term studies, the side effects, cost
and lack of intranasal preparations in some locations prohibit
calcitonin’s widespread use. As well, calcitonin’s efficacy
against the osteoporosis of CD has not been proven. Thus, its
role seems limited to short term prevention of the steroid-
induced osteoporosis that often accompanies IBD.
Hormone replacement therapy: Benefits of hormone re-
placement therapy to the premenopausal osteoporotic pa-
tient have been well proven. Sex hormone replacement
removes at least one of the causes of rapid bone loss in women

318

of this age. However, studies using hormone replacement for
hypogonadal men have been slow to document the efficacy of
this treatment. Hypogonadism is a frequent side effect of ster-
oid treatment in men, and hypogonadism in other contexts is
known to accelerate bone loss. Therefore some investigators
(11) suggest providing testosterone replacement for these in-
dividuals. Grecu et al (26) reported that medroxyprogester-
one acetate increased bone density in men with steroid
osteoporosis. Their explanation was that progestogens com-
pete for occupancy of the glucocorticoid receptor; thus, such
competition was likely to take place in both bone and tissues.
The question of routine testosterone replacement in hypogo-
nad males and the efficacy of hormone replacement therapy
in premenopausal women with CD has not been validated in
large clinical trials.
Bisphosphonates — Pharmacology: The most promising
treatment for osteoporosis seems to be bisphosphonates. This
class of drugs is characterized by the presence of a P-C-P bond
which gives them a high affinity for bone mineral. The bio-
logical activity of each bisphosphonate depends on the
specific chemical structure of the side groups bound to the
carbon atom of the P-C-P moiety. Bisphosphonates are po-
tent inhibitors of osteoclast-mediated bone resorption, al-
though their mode of action is not completely understood.
There is some evidence that these compounds inhibit the ac-
tivity of mature osteoclasts, and the proliferation, differentia-
tion and access to bone of their precursors (27). Both the first
and second generation bisphosphonates, etidronate, clodran-
ate, and pamidronate, have been used successfully to treat es-
tablished osteoporosis. Third generation bisphosphonates, eg,
alendronate, are undergoing clinical trials involving osteopo-
rosis patients.
Bisphosphonates and steroid-induced osteoporosis: Rigor-
ous clinical trials have shown the effectiveness of bisphos-
phonates to treat steroid-induced osteoporosis. Results from a
one-year, randomized, placebo controlled trial of pami-
dronate 150 mg/day indicated that a 19% increase in verte-
bral mineral density, measured by quantitative CT, occurred
in the treated group. There was a 19% decline in those receiv-
ing placebo (28). One-third of these initial patients were fol-
lowed for a second year. The gains in vertebral mineral
density were maintained in the second year, whereas the pla-
cebo group showed a progressive decline in BMD (29).
Gallacher and co-workers (30) reported a 3.4% mean in-
crease in lumbar density in patients treated with 30 mg pa-
midronate once every three months for a year. All patients
participating in this study had corticosteroid-dependent
lung disease, with an average prednisone use of 14 mg (range
7.5 to 40) for an average of 14 years (range three to 30). The
increase in bone density was similar to that noted for post-
menopausal women who had received intermittent oral cy-
clical etidronate alternating with calcium for one year.
These substances have a beneficial effect on spine and femo-
ral bone density. Clodronate, given intermittently for one
year, has been reported to increase vertebral BMD by 6%. In
at least three studies, the incidence of new vertebral fractures
was reduced by more than 50%.
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Bisphosphonates and IBD: Experience with bisphosphon-
ates in patients with gut-related disease is limited. Passeri and
associates (27) postulated that bisphosphonates given inter-
mittently and/or at low dosages might reduce bone resorption
to a greater degree than formation, inducing a persistent un-
coupling and thus producing a constant positive effect on
bone mass. However, their investigation involved the use of
bisphosphonates in postmenopausal women. No study has
been undertaken to examine the use of bisphosphonates in
IBD patients. Therefore, the hypothesis of Passeri et al has
yet to be proven.
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