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ackground & Aims: Although patients with inflamma-
ory bowel disease (IBD) have reduced bone mass, there
s controversy whether there is an increased risk of
racture. This study examines the risk of fracture and its
redictors in patients with IBD. Methods: In a primary
are–based nested case-control study, 231,778 fracture
ases and 231,778 age- and sex-matched controls were
ecruited. A history of IBD was assessed from medical
ecords. Results: The prevalence of IBD was 156 and
82 per 100,000 for Crohn’s disease (CD) and ulcerative
olitis (UC), respectively. Patients with IBD had an in-
reased risk of vertebral fracture (odds ratio [OR], 1.72;
5% confidence interval [CI], 1.13–2.61) and hip frac-
ure (OR, 1.59; 95% CI, 1.14–2.23). The risk of hip
racture was greater in patients with CD (OR, 1.86; 95%
I, 1.08–3.21) compared with UC (OR, 1.40; 95% CI,
.92–2.13). Disease severity, assessed by the number
f symptoms, predicted fracture even after adjusting for
orticosteroid use (OR, 1.46; 95% CI, 1.04–2.04). Only
3% of patients with IBD who had already sustained a
racture were on any form of antifracture treatment.
onclusions: Patients with IBD have a higher risk of
racture due to both disease activity and use of oral
orticosteroids. However, few of these patients are re-
eiving optimal bone-sparing therapy, highlighting the
mportance of increasing awareness of osteoporosis in
hose managing these patients.

steoporotic fractures constitute a major health
problem and cause considerable morbidity and

ortality among the elderly. The most common sites of
steoporotic fracture are the spine, proximal femur, and
istal forearm. Several epidemiologic studies have re-
orted an increased prevalence of low bone mass in
atients with IBD,1–24 and the pathogenesis is likely to
e multifactorial, including use of oral corticosteroids,
itamin D deficiency, malabsorption, malnutrition, hy-
ogonadism, and systemic inflammation.25–27

There is limited information on the risk of fracture in
atients with inflammatory bowel disease (IBD). A num-
er of uncontrolled studies have reported that between
% and 27% of patients with IBD have sustained a
racture.1,5,8,10,13,17,24 More recently, a cohort study of
atients with IBD found a 41% increase in the risk of
racture compared with controls, with similar increases
or Crohn’s disease (CD) and ulcerative colitis (UC).4

hese results differ from a large Danish case-control
tudy that found a 2.5-fold increase in the risk of fracture
mong women with CD but not men with CD or pa-
ients with UC.22 A study of a hospital discharge registry
ound a small overall increased risk in patients with CD
ut not those with UC.23 The aim of the present study
as to evaluate the risk of fracture in patients with IBD

nd, more specifically, the relative contributions of oral
orticosteroid treatment versus disease severity to risk of
racture in a population-based study.

Patients and Methods
The data used in this nonconcurrent case-control study

ere obtained from the General Practice Research Database
GPRD), which is managed by the Medicines Control Agency
n the United Kingdom.28 This database comprises the entire
omputerized medical records of a sample of general practitioners
n the United Kingdom. General practitioners play a key role
n the U.K. health care system because they are responsible for
rimary health care and specialist referrals. All members of the
opulation are registered with a single practice, which cen-
ralizes medical information not only from the general practi-
ioners themselves but also from specialist referrals and hospi-
al attendances. The present study included 683 practices
urrently incorporated in the GPRD and thereby comprised a
% sample of the U.K. population. The data recorded in the
PRD include demographic information, prescription details,

linical events, preventive care provided, specialist referrals,
ospital admissions, and major outcomes. Clinical data are
tored and retrieved by means of Oxford Medical Information
ystems and Read codes for diseases that are cross-referenced to
he International Classification of Diseases (ICD-9). The data

Abbreviations used in this paper: BMD, bone mineral density; CI,
onfidence interval; GPRD, General Practice Research Database; OR,
dds ratio.
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quality of each entry into the GPRD is measured against
specific targets, developed by comparisons with external sta-
tistics, to ensure research standards are met. Only data from
practices that pass this quality control are compiled to form
the GPRD database. Data collection for the GPRD began in
1987 and, for this study, ended in July 1999.

Study Population

A case-control study was conducted using information
from the GPRD. Case patients were permanently registered
patients aged 18 years and older who had a fracture at any site
in their medical records. Control patients were adults without
a history of fracture in their medical records. They were
matched to case patients by age (within 1 year) and sex; if no
control patient was found, then the age criterion was ex-
panded. The index date of the case patients was the date of the
first fracture after GPRD collection started. Further details on
the study population are provided elsewhere.29

The number of patients with a history of IBD (either CD or
UC) was examined in both case patients and control patients.
Severity of IBD was assessed using 2 factors: a history of
general practitioner visits for symptoms of IBD (diarrhea,
abdominal pain, anemia, rectal bleeding, or weight loss) and
hospitalization for a gastrointestinal disorder in the 12 months
before the index date. In addition, the use of medication for the
treatment of IBD was examined. Current users of oral corti-
costeroids were defined as patients who had received at least
one prescription in the 3 months before the index date. Rectal
corticosteroid use was examined separately. Prescriptions for
aminosalicylates and other disease-modifying agents (metho-
trexate, azathioprine, and cyclosporine) were also recorded.
Furthermore, use of bone-protective agents, including bisphos-
phonates, hormone replacement therapy, and vitamin D, was
examined.

As part of this study, the general practitioners of 25 ran-
domly selected patients with CD and 25 patients with UC
were sent questionnaires to validate the diagnosis of IBD. IBD
was confirmed in 92% of cases of CD and UC. Of the 4 cases
not confirmed, one had suspected CD that was diagnosed as
irritable bowel syndrome after further investigation and an-
other had barium enema results showing that very early UC
could not be excluded. Of the 23 confirmed cases of UC, 11
had left-sided and 8 had diffuse UC (no data for 4 cases). The
location for CD was the small bowel in 11 and colitis in 12.
Another validation study, conducted independently of this
study, also reported a high level of accuracy of IBD record-
ing.30 Furthermore, the estimated prevalence of CD and UC in
the GPRD population was found to be comparable to that
reported in another U.K. study.31

Age- and sex-specific incidence rates of fracture were calcu-
lated in the total GPRD population.32 The 10-year risk of
fracture was derived for women and men with IBD by multi-
plying the incidence rates by the odds ratio (OR) for fracture
in patients with IBD. For a hypothetical cohort of 100,000
patients, the number of years of life lived at each year of age
was estimated using all-cause mortality rates for the general

population of England and Wales. The estimated years of life
were multiplied by the corresponding fracture incidence rates
to give the expected number of fractures in the hypothetical
cohort for each year of age and the 10-year risk of fracture.32

Statistical Methods

Conditional logistic regression was used to estimate
ORs for the risk of fracture in patients with IBD. The analysis
was controlled for a wide range of clinical variables and med-
ication use that are possibly associated with risk of fracture,
including history of heart failure, cerebrovascular disease, di-
abetes mellitus, rheumatoid arthritis, psychotic disorder, de-
pression, thyrotoxicosis, seizure, and chronic obstructive pul-
monary disease. Prescriptions in the 6 months before the index
date for thiazides, hormone replacement therapy, nonsteroidal
anti-inflammatory drugs, hypnotics/anxiolytics, antipsychot-
ics, antidepressants, antiepileptics, anti-Parkinson drugs, and
inhaled corticosteroids and bronchodilators were also consid-
ered potential confounding variables. Smoking history and
body mass index were also included if entered in the database.
Because smoking history and body mass index were not part of
the standard data collection, this information was missing for
about one half of the patients.

Results
There were 231,778 case patients with a history

of fracture in the study population. A total of 52.5%
were female, and 38% were older than 60 years. As
expected, control patients had a similar sex and age
distribution (Table 1). Case patients had an increased
prevalence of chronic obstructive pulmonary disease and
prior use of hypnotics and anxiolytics than control pa-
tients. In subjects in whom it was recorded, body mass
index was related to the risk of hip fracture (adjusted OR
of 1.72 [95% confidence interval (CI), 1.52–1.95] for

Table 1. Characteristics of Fracture Cases and Controls

Characteristics
Fracture cases (%)

(n � 231,778)
Controls (%)

(n � 231,778)

Age (yr)
�30 55,519 (24.0) 56,117 (24.2)
31–45 46,867 (20.2) 46,728 (20.2)
46–60 40,843 (17.6) 40,914 (17.7)
�61 88,549 (38.2) 88,019 (38.0)

Sex
Female 121,615 (52.5) 121,615 (52.5)
Male 110,163 (47.5) 110,163 (47.5)

Drug use in 6 months before
index date

Nonsteroidal anti-
inflammatory drugs

32,209 (13.9) 21,013 (9.1)

Hypnotics/anxiolytics 22,328 (9.6) 14,466 (6.2)
Medical history

Chronic obstructive
pulmonary disease

41,912 (18.1) 28,542 (12.3)

Cerebrovascular disease 10,846 (4.7) 7545 (3.3)
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patients with a body mass index �20 kg/m2 and OR of
0.48 [95% CI, 0.42–0.55] for patients with a body mass
index �30 kg/m2).

A diagnosis of IBD was recorded for 2102 patients
(725 patients with CD and 1305 patients with UC),
giving a point prevalence of 156 per 100,000 for CD and
282 per 100,000 for UC. A total of 1134 of the case
patients had a diagnosis of IBD compared with 896 of
the control patients (adjusted OR, 1.21; 95% CI, 1.10–
1.32). The increased OR for fracture was most marked at
the hip and spine. Patients with CD had a higher risk of
fracture than patients with UC at all sites (Figure 1).
Compared with control patients, the risk of hip fracture
was increased by 86% in patients with CD and by 40%
in patients with UC. The increased risk of fracture
attributable to IBD did not differ between men and
women (men: OR, 1.19; 95% CI, 1.03–1.38; women:
OR, 1.22; 95% CI, 1.08–1.36).

A history of symptoms such as diarrhea, abdominal
pain, anemia, rectal bleeding, weight loss, or hospital-
ization for a gastrointestinal disorder was associated with
a higher risk of fracture than patients with IBD without
such a history (OR, 1.42–1.70) (Figure 2). Disease se-
verity, as assessed by the number of recorded symptoms,
was related to the risk of fracture (no symptoms: OR,
1.02 [95% CI, 0.90–1.17]; 1 symptom: OR, 1.66 [95%
CI, 1.41–1.96]; �2 symptoms: OR, 1.74 [95% CI,
1.43–2.12]) (Table 2). For hip fractures, the increased
risk was greater (no symptoms: OR, 1.26 [95% CI,
0.74–2.14]; 1 symptom: OR, 1.77 [95% CI, 1.02–
3.10]; �2 symptoms: OR, 3.56 [95% CI, 1.71–7.41]).
After taking into account this measure of disease sever-
ity, there were no statistically significant differences in

risk of fracture between patients with CD and patients
with UC (�2 symptoms and CD: OR, 1.76 [95% CI,
1.27–2.44); �2 symptoms and UC: OR, 1.70 [95% CI,
1.31–2.19]).

Drug therapy for IBD was associated with an increased
risk of fracture (OR, 1.32–1.86). The risk of fracture was
greatest in patients receiving disease-modifying drugs
(Figure 1). However, as expected, the use of therapy was
associated with measures of disease severity such that use
of oral corticosteroids was 19.6% in patients with no
symptoms, 38.2% in those with 1 symptom, and 53.2%
in those with �2 symptoms. The increased risk of frac-
ture associated with corticosteroid use persisted after
adjustment for disease severity (adjusted OR for fracture
in all patients with IBD was 1.10 [95% CI, 1.00–1.20]);
for hip fracture, the OR was 1.46 (95% CI, 1.04–2.04).
The risk of fracture remained related to the number of
symptoms after additional adjustment for use of oral
corticosteroids (no symptoms, 0.98 [95% CI, 0.86–
1.12]; 1 symptom, 1.50 [95% CI, 1.28–1.77]; �2
symptoms, 1.53 [95% CI, 1.26–1.87]). For hip frac-
tures, the ORs were 1.20 (95% CI, 0.70–2.04), 1.69
(95% CI, 0.97–2.96), and 2.96 (95% CI, 1.42–6.16),
respectively.

We were unable to show a significantly increased risk
of fracture in patients who had undergone bowel surgery
(OR, 1.03; 95% CI, 0.84–1.28). Colonic surgery ac-
counted for 73.1% of all gastrointestinal surgery; how-
ever, colonic surgery was not associated with an increased
risk of fracture in patients with either CD or UC.

Table 3 summarizes the estimated 10-year risks of
fracture among men and women with IBD. The risk of

Figure 1. OR (95% CI) for fracture adjusted for comorbid diseases
and medications in patients with CD and UC by disease type. Clinically
symptomatic vertebral fractures are presented, and fractures of the
distal forearm are included in the radial fracture group.

Figure 2. OR (95% CI) for fracture at all sites in patients with a history
of IBD by type of symptom and history of hospitalization in the year
before the index date of fracture. Risk of fracture is adjusted for
comorbid disease and medications. The reference group consisted of
age- and sex-matched subjects without a history of IBD and without a
history of the above symptoms or hospitalization for a gastrointestinal
disorder.
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fracture increased by age and by the number of IBD
symptoms. At 65 years of age, the 10-year risk of hip
fracture was 7.0% in women with IBD and �2 symp-
toms. Among men, this figure was 2.8%.

Use of bone-active medication was low among the
patients with IBD. In female patients with IBD aged 65
years or older with an osteoporotic fracture (hip, verte-
bral, or radius/ulna), only 13.1% were treated with bone-
active therapy in the year following the fracture (7.3%
with bisphosphonates, 6.6% with vitamin D, and 1.5%
with hormone replacement therapy). Of the female pa-
tients with IBD aged 65 years or older who had not
sustained a fracture, 5.1% were treated with bone-active
therapy in the year following the index date (0.9% with
bisphosphonates, 2.8% with vitamin D, and 1.9% with
hormone replacement therapy).

Discussion
We have shown that the risk of fracture was

increased in patients with IBD and related to both

disease severity and use of medication. Women and men
aged 65 years with severe IBD have a 10-year probability
of hip fracture of 7% and 2.8%, respectively. Despite the
availability of effective therapies to reduce the risk of
fracture, these high-risk patients were largely untreated.

The etiology of osteoporosis and the increased risk of
fracture in patients with IBD involve several factors,
including vitamin D deficiency, systemic inflammation,
malnutrition, and use of oral corticosteroids. It is thus of
interest to establish the relative contributions of each
cause, particularly the effects of the disease-related vari-
ables and oral corticosteroid therapy. However, research
into this question is complex, given the close correlation
between disease activity and oral corticosteroid therapy.
A small cross-sectional analysis of bone mineral density
(BMD) of patients with IBD reported that use of oral
corticosteroids was the only statistically significant pre-
dictor of diminished BMD. The investigators concluded
that decreased BMD in patients with IBD is related to
use of oral corticosteroids and not to disease activity.3 In
our study, adjustment for use of oral corticosteroids
reduced the magnitude of but did not eliminate the
increased risk of fracture in patients with IBD. This
suggests that increased disease activity is itself associated
with an increased risk of fracture. This may be due to
malabsorption, particularly of vitamin D, but also due to
the associated increased levels of circulating cytokines
that act directly on bone turnover rate.33 This is sup-
ported by our data showing that the risk of fracture
increases with the number of symptoms of disease activ-
ity independently of oral corticosteroid use. However,
the deleterious effects of oral corticosteroids on bone
metabolism will be partially counterbalanced by their
ability to reduce systemic inflammation. The challenge

Table 2. Risk of Fracture in Patients With IBD for Different Types of Fracture According to Disease Severity

Fracture
type

No. of
symptomsa

No. of
cases

No. of
controls Crude OR (95% CI)

Adjusted ORb

(95% CI)

Any 0 451 474 1.07 (0.94–1.22) 1.02 (0.90–1.17)
1 396 249 1.79 (1.53–2.10) 1.66 (1.41–1.96)

�2 287 173 1.95 (1.61–2.36) 1.74 (1.43–2.12)
Hip 0 36 32 1.36 (0.84–2.20) 1.26 (0.74–2.14)

1 37 23 1.95 (1.15–3.31) 1.77 (1.02–3.10)
�2 33 11 3.63 (1.82–7.23) 3.56 (1.71–7.41)

Vertebral 0 21 20 1.25 (0.67–2.32) 1.38 (0.71–2.69)
1 34 7 6.37 (2.79–14.56) 5.24 (2.21–12.41)

�2 19 13 1.84 (0.89–3.78) 1.33 (0.60–2.96)
Radius/ulna 0 114 109 1.15 (0.88–1.50) 1.12 (0.86–1.47)

1 79 49 1.84 (1.28–2.63) 1.69 (1.17–2.44)
�2 60 34 1.95 (1.28–2.98) 1.61 (1.05–2.48)

aPrior history of diarrhea, abnormal pain, anemia, rectal bleeding, or weight loss.
bAdjusted for medications and illnesses associated with risk of fracture (as outlined in Patients and Methods) and smoking history and body
mass index when known.

Table 3. Estimated 10-Year Risk of Fracture in Patients
With IBD Stratified by the Number of Symptoms

Sex/current
age (yr)

No. of symptoms for
any fracture (%)

No. of symptoms for
fracture of the
femur/hip (%)

0 1 �2 0 1 �2

Women
50 10.5 17.5 19.0 0.5 0.7 1.2
65 15.8 26.5 28.8 2.6 3.7 7.0
80 23.2 38.8 42.3 11.8 17.0 31.6

Men
50 7.6 12.8 13.9 0.3 0.5 0.9
65 5.9 9.9 10.8 1.1 1.5 2.8
80 8.6 14.3 15.6 4.0 5.7 10.5
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for physicians is to reduce systemic inflammation while
using the lowest possible dose of oral corticosteroids.

It is well known that less than one third of all verte-
bral fractures identified on radiographs come to clinical
attention.34 By analyzing clinically diagnosed fractures
and not performing screening radiography, we will un-
derestimate the total number of radiographic fractures in
both case patients and control patients. However, this
fact alone should not affect our assessment of the risk of
fracture compared with controls. The data in patients
with IBD confirm a high level of underreporting of
radiographic vertebral fractures.35,36 Stockbrügger et al.
performed radiography on 271 patients with CD and
found vertebral fractures in 14.2% of patients, all of
whom were asymptomatic; Klaus et al. performed lum-
bar radiography on 156 patients with CD and vertebral
osteopenia or osteoporosis on dual x-ray absorptiometry
scanning and found vertebral fractures in 21.8%, with
only 2.5% reporting pain.35,36 Both of these studies
limited their assessment of recorded pain and disability
to that currently experienced by the patients. They may
therefore miss a significant number of patients with older
fractures that may have caused pain at the time of the
fracture and hence come to clinical attention but were
free of pain at the time of the study. If there is greater
underreporting of vertebral fractures in patients with
IBD compared with controls, the relative risk of fracture
may be underestimated.

Several studies have compared the risk of fracture in
patients with CD and UC. Two studies conducted by
Vestergaard et al. observed an increased risk of fracture in
CD but not in UC.22,23 These studies were not popula-
tion based (recruited from the Danish Colitis/Crohn’s
Association22 and a hospital-based registry system23) and
therefore may have represented a more select and prob-
ably severe population of patients. A cohort study of 238
patients with CD found no overall increase in the total
risk of fracture37; however, when the osteoporotic frac-
ture sites were analyzed separately, the investigators
found relative risks similar to our study (osteoporotic,
1.4; spine, 2.2) that, due to small numbers, were not
statistically significant. In agreement with our results, a
previous population-based study comparing patients
with IBD with the general population reported similar
increases in the risk of fracture between CD and UC4;
however, no adjustments were made for disease severity
or use of corticosteroids. In this study, we found an
increased risk of fracture in both diseases but greatest in
patients with CD. One explanation is that the 2 condi-
tions differ in their effects on bone metabolism, as ob-
served by an in vitro study of the sera of patients with

CD and UC on an organ culture of fetal rat bone.38 The
second and more likely explanation for lower BMD and
higher risk of fracture in CD is varying disease severity.
CD is considered a systemic disease and is often associ-
ated with a marked systemic inflammatory load, whereas
UC is limited to the colonic mucosa and has a lower
systemic inflammatory load. We found that patients
with CD used oral corticosteroids more frequently and
experienced more symptoms than patients with UC.
Furthermore, when disease activity and use of oral cor-
ticosteroids were controlled for, we found no difference
in rates of fracture between the 2 diseases.

We found that patients with IBD who have undergone
bowel surgery did not have an increased risk of fracture.
These findings are in agreement with those of Vester-
gaard et al.22,23 but contrast with the results of several
BMD studies showing that BMD was reduced in patients
with a history of bowel surgery.10,15,19 However, Pigot et
al. reported a direct correlation between the time after
surgery and BMD.13 Patients who undergo bowel sur-
gery frequently enter clinical remission from the inflam-
matory disease and therefore often no longer require
treatment with oral corticosteroids. The effects of oral
corticosteroids on BMD are at least partially reversible
after discontinuation of treatment,26 as are the effects of
inflammation. This suggests that BMD may increase and
the risk of fracture may decrease after successful bowel
surgery.

There are now numerous treatment options available
to reduce the risk of osteoporotic fracture, including
calcium and vitamin D, bisphosphonates, selective estro-
gen receptor modulators, and parathyroid hormone. Al-
though these treatments have been shown to increase
BMD and reduce the risk of fracture in postmenopausal
osteoporosis, there are no data on fracture reduction in
patients with IBD. However, the bisphosphonates alen-
dronate and ibandronate have been proven to increase
BMD in patients with CD to a similar degree as in
patients with postmenopausal osteoporosis.31,39 In addi-
tion, despite the lack of fracture data, the American
Gastroenterological Association40 recommends the use of
antiosteoporosis treatments in patients at high risk of
osteoporotic fracture. This study shows that most pa-
tients with IBD with a fracture and, hence, osteoporosis
are not receiving bone-protective treatment. We there-
fore need to develop effective strategies to identify and
treat these high-risk patients as a matter of priority.
These treatments are not without side effects and have
significant cost implications; therefore, when assessing
the needs of individual patients for the strategies, it is
useful to have an idea of their absolute risk of fracture
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over the next 5–10 years to target therapy more accu-
rately. We have shown that by using a combination of
age, sex, and number of symptoms, the risk of hip
fracture over the ensuing 10 years can be graded from
0.3% to 31.6%, with figures for any fracture ranging
from 5.9% to 42.3%. Although these figures are only
estimates, they can provide useful additional information
to other clinical and densitometric risk factors currently
used.

This study has several strengths and limitations. This
is the first population-based study of patients with IBD
to examine the risk of fracture and to examine the main
risk factors. We had relatively crude information on the
disease activity of IBD, such as recorded abdominal pain,
diarrhea, or rectal blood loss. Thus, it is likely that we
underestimated the relationship of disease activity to the
risk of fracture due to the use of nonspecific data. Because
there were no data on some of the possible etiologic
factors, such as malabsorption or vitamin D levels, and
no data on physical activity, the evaluation of the various
contributing factors was restricted. Another potential
limitation concerned the ascertainment of IBD and frac-
tures. However, we have shown point prevalences of CD
and UC similar to other population-based studies in
England.31 Furthermore, previous studies of the GPRD
have reported a high level of validity with respect to
ascertainment of fracture (�90% of fractures were con-
firmed).29,39

In conclusion, patients with IBD have a significantly
increased risk of fracture related to the severity of their
disease. This increased risk is due to a combination of
disease activity and use of oral corticosteroids. As a
preventive measure, we suggest that all patients with
IBD receive counseling on lifestyle measures to reduce
bone loss and avoid consequent fracture. Further inves-
tigations such as bone densitometry might be conve-
niently targeted to older patients as well as younger
patients with more severe disease.
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