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Abstract
To assess the prevalence ofand risk factors
for low bone mineral density in inflamma-
tory bowel disease (IBD), 152 IBD patients
and 73 healthy controls were studied. Sixty
seven patients had ulcerative colitis, 78 had
Crohn's disease (52 of them (66.7%) had
ileal disease), and seven had indeterminate
colitis. Bone mineral density values
(g/cm2) measured by dual energy x ray

absorbtiometry at the spine (L2-L4), the
femoral neck, Ward's triangle, and the
trochanter were 1*177, 0-948, 0.850, and
0.838 in the patients and 1-228 (p=0.034),
1.001 (p=0.009), 0.889 (NS), and 0.888
(p=0.012) in the control group, respec-

tively. The type or extent of the disease or

previous small bowel resection did not
have any significant effect on the bone
mineral density values. There was a weak,
but statistically significant negative corre-

lation between bone mineral density
and the total lifetime corticosteroid dose
(in the lumbar spine r=-0-164, p=0.04,
the femoral neck r=-0.185, p=0.02,
Ward's triangle r=-0-167, p=0.04, and
the trochanter r=-0-237, p= 0.003). The
patients whose lifetime corticosteroid
dose (prednisone/ prednisolone) was more

than 10 g had especially low bone mineral
density (p<0.05 compared with the groups
with no or less than 5 g of corticosteroid).
The patients who had never taken peroral
corticosteroids did not have decreased
bone mineral density. In conclusion,
IBD patients have significantly lower bone
mineral density values than healthy
controls, but the difference is not so great
as has been reported previously. Low bone
mineral density values in these patients
are related to high lifetime corticosteroid
doses.
(Gut 1995; 37: 71-76)
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In patients with inflammatory bowel disease
(IBD), disease activity, corticosteroid treat-
ment, and nutritional status may all have
harmful effects on the bone. A decreased bone
mineral content and decreased bone mineral
density and even severe clinical osteoporosis
resulting in stress fractures have been seen in
patients with small or large intestinal IBD, or

both.1-3 Increased rates of both spinal and
cortical bone loss have also been reported in
patients with IBD.4 5 In a follow up study of

children with IBD, osteoporosis was one of the
most common complications.6 The possible
pathogenic factors in this patient group include
corticosteroid treatment,7 calcium malabsorp-
tion, sex hormone deficiency, and vitamin D
deficiency.8-10 However, the precise patho-
genic mechanisms are still unclear.4
The prevalence of low bone mineral density

obviously depends on patient selection. In
some studies, as many as 23-31/% of the IBD
patients had bone mineral density values more
than two standard deviations (SD) below the
previously published normal values,l 2 but
these studies included a great number of
patients with intestinal resections. In a Danish
study, 45% of patients with Crohn's disease
were without clinical symptoms during a
median follow up time of 5.5 years and 45% of
the patients had not been treated surgically
after a follow up of 10 years.11 It is therefore
important to include even the mild cases of
IBD in investigations of bone mineral density
in these patients. In this study, we investigated
the prevalence and severity of osteoporosis in
IBD patients with a controlled prospective
design by measuring the bone mineral density
of 152 IBD patients selected randomly from
the patient register and 73 healthy controls. A
special effort was made to achieve an accurate
diagnosis of IBD and to study corticosteroid
use.

Methods

Patients and controls
The patients were selected from the IBD
register of the gastroenterology unit at the
Department of Internal Medicine, University
Hospital of Oulu, Oulu, Finland. All the IBD
patients treated in this hospital since 1986
have been entered in the register. The
patients, whose diagnosis was made later than
1990 or who had IBD limited to the rectum
only were excluded. Patients within the age
range of 19-60 years were included in the
study population. At the end of the year 1992,
the register contained 248 ulcerative colitis
patients and 90 patients with Crohn's disease
who fulfilled the study criteria. Ninety of 248
ulcerative colitis patients were randomly
selected using random numbers and version
2.1 of the statistical software program
Medstat. These 90 ulcerative colitis patients
together with all the 90 Crohn's disease
patients fulfilling the study criteria were
invited to participate. Two pregnant women
were excluded because of the radiation dose
needed for densitometry. Eighty one patients
with an earlier diagnosis of Crohn's disease
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TABLE I Baseline characteristics of the patients and the controls

Ulcerative Crohn 's Indeterminate
Controls colitis disease colitis

Number 73* 67 78 7
Age (y) 40-8 (9.3) 42-0 (9.6) 38-6 (8.7) 35-6 (9.7)
Height (cm) 169.0 (8-1) 168-1 (9.8) 170-1 (10-2) 174.7 (5.9)
Weight (kg) 72.8 (12-6) 69-0 (13-4) 70.0 (13-8) 74-1 (11.9)
Body mass index (kg/m2) 25-5 (3.8) 24-3 (3.8) 24-1 (4.0) 24.3 (3.9)
Men/women 35/38 35/32 41/37 4/3
Calcium supplementation (n) (0/a) 10 (13-7) 11 (16-4) 17 (21-8) 0 (0)
Vitamin D supplementation (n) (%) 12 (16-4) 15 (22 4) 23 (29.5) 2 (28 6)
Postmenopausal women (n) (/) 7 (9.6) 9 (13-4) 5 (6.4) 0 (0)
Age atmenarche (y) 12-8 (1-3)t 13-8 (1.6)t 13-1 (1-7) 14-0 (0.0)

*The values given are either the number of subjects with the characteristic or the mean (SD or
the percentage of the group). tp<0-05 between the groups. No other statistical differences
between the groups was found. (Statistical significance between multiple groups was determined
by an analysis of variance followed by the Student-Newman-Kuels test and x2 statistics for the
comparison of incidences. A p value less than 0.05 was considered significant.)

and 74 patients with an earlier diagnosis of
ulcerative colitis agreed to participate (86% of
the initially randomised group).

All the available histological specimens were
re-evaluated by one pathologist (TK). The his-
tological diagnosis was made in each case
according to the criteria described by Chong et
al. 12 The extent ofIBD was evaluated from the
histological specimens. On the basis of endo-
scopies, histological findings, possible opera-
tive findings, and other patient data, two
gastroenterologists re-evaluated the diagnoses
according to the criteria previously described
by Pera et al. 13 After a re-classification of some
patients, the final diagnoses were ulcerative
colitis in 67 patients, Crohn's disease in 78,
and indeterminate colitis in seven patients.
Three patients did not fulfil the criteria for
IBD (one radiation colitis, one solitary rectal
ulcer, one histologically 'normal' colon) and
were therefore excluded. Seventy three healthy
controls with the same age and sex distribution
as the patient group were selected from the
staff of the Finnish State Railways in Oulu.
Their medical records in the occupational
health service were studied. Both the patients
and the controls represented several different
occupational groups from manual workers to
office personnel.

Patient data concerning subjective symp-
toms and the menstrual history in women were
collected in personal interviews. The data
concerning treatment and the course of IBD
were collected from the patient documents.
Previous corticosteroid treatment and the
possible history of fractures were checked from
the hospital records and in the patient inter-
views. The corticosteroid dose was expressed
in grams of prednisone/prednisolone. To

TABLE II Bone mineral densities (BMD, g/cm2) and Z scores (based on the age and sex
adjusted control values previously published by Kroger et alt4 15) of the patient and control
groups

Patients (n=152) Controls (n =73) CL for difference* Significancet

BMD
lumbar spine 1-177 (0-173) 1-228 (0-156) 0.004 to 0-098 p=0-034
Femoral neck 0-948 (0-143) 1.001 (0-139) 0-014 to 0.093 p=0.009
Ward's triangle 0-850 (0-160) 0-889 (0-162) -0-006 to 0-084 NS
Trochanter 0-838 (0-142) 0-888 (0-126) 0-011 to 0-088 p=0.012

Z score
Lumbar spine -0-028 (1-332) 0.400 (1-182) 0-067 to 0-788 p=0-020
Femoral neck -0-364 (1-195) 0-122 (1-097) 0-159 to 0-813 p=0004
Ward's triangle -0-128 (1.188) 0-194 (1-103) -0.003 to 0-649 p=005
Trochanter -0-185 (1-196) 0-291 (1-003) 0-157 to 0-796 p=0004

*95% confidence limits for the mean difference. tStudent's unpaired t test (NS=p>005). Data
presented as mean (SD).

minimise seasonal variation, all the interviews
and bone mineral density measurements were
performed in April and May 1993.

Bone mineral density
The bone mineral density measurements were
made by one trained person using dual energy x
ray absorptiometry (Lunar DPX, the Lunar
software version 3.1, Lunar Radiation
Corporation, Madison, WI). The measurement
sites were the lumbar vertebrae L2-L4 in the
spine, the femoral neck, Ward's triangle, and
the trochanter in the left proximal femur. The
precision of the method (coefficient of varia-
tion) was determined by examining 19 persons
twice with an interval of a couple of minutes
between the measurements. For bone mineral
density in the spine, the femoral neck, Ward's
triangle, and the trochanter the coefficient of
variation was 1.38%, 1.61%, 3.60%, and
1.59%, respectively. The bone mineral density
values of the patients were compared both with
the bone mineral density values of the control
subjects and with previously published Finnish
normal values. 14 15 For each person, the values
of bone mineral density were also expressed as
a fraction of the SD of the mean of the previ-
ously published normal value for the patient's
sex and decade of age (Z score).

Statistics
The results are presented as mean (SD).
Student's unpaired t test was used when
appropriate. When the variances were unequal
or the distribution was not normal, the Mann-
Whimey U test was used. An analysis of
variance followed by the Student-Newman-
Keuls test was used to assess the differences
between multiple groups. A comparison of
incidences was performed using x2 statistics or
Fisher's exact test. Pearson's correlation coeffi-
cients were calculated for the continuous vari-
ables. Two tailed values for significance were
used in all the statistical tests and significance
was defined as p<005. The analyses were
made with the Statistical Package for Social
Sciences (SPSS).
The study was approved by the ethics com-

mittee of the University Hospital of Oulu. An
informed consent was obtained from all the
patients and controls before the examination.

Results
Table I gives the basic characteristics of the
population studied. At the time of the study,
the patients had had symptoms ofIBD for 13X1
(6.2) (mean (SD)) (range 5-32) years and the
time since the diagnosis of IBD was 11.5 (60)
(3-32) years. Forty two of 67 (62-7%) patients
with ulcerative colitis and 45 of 78 (57.7%)
with Crohn's disease received sulphasalazine
or 5-aminosalicylic acid treatment at the time
of the study. Four of the ulcerative colitis
patients and seven patients with Crohn's
disease had had immunosuppressive treatment
(mainly atzathioprine). Extraintestinal mani-
festations of IBD had been diagnosed in 37 of

72



A controlled study of bone mineral density in patients with inflammatory bowel disease

20

15

cl

0

C)

)10

CD
U)

C.)

a-

<-3 -2 -1 0 1 2 >3
Z score (femoral neck)

Figure 1: Z scores of the bone mineral densities of thefemoral neck (based on the age and
sex adjusted control values previously published by KrUger et al'4 15) in 152 patients with
inflammatory bowel disease and 73 healthy controls.

152 (24.3%) patients. Operations had been
performed on 152 patients: 12 (7.9%) patients
had had colectomy (seven with ulcerative coli-
tis, four with Crohn's disease, and one with
indeterminate colitis), four (2.6%) had had
colonic resection (one with ulcerative colitis
and three with Crohn's disease), seven (4.6%)
had had ileocaecal resection, and 10 (6.6%)
had had some other small bowel resection. All
the patients with small bowel resection had
Crohn's disease.
Table II shows the bone mineral density

values and Z scores of the control and patient
groups. Figure 1 shows the Z score distribution
in the femoral neck. Body mass index had a
significant correlation with bone mineral den-
sity at all sites in both the patients and the con-
trols. Seventy five (49.3%) of the patients and
23 (31.5%) of the controls had a 'normal' body
mass index of 19-24 kg/M2. In the femoral
neck the bone mineral density of these subjects
was 0902 (0.132) g/cm2 in the patient group
and 0.948 (0121) g/cm2 in the controls (NS).

TABLE Ii Bone mineral density (BMD, g/cm2) andZ scores (based on the age and sex
adjusted control values previously published by Kroger et all 4 15) in the different types of
inflammatory bowel disease

Ulcerative colitis Crohn's disease Indeterminate colitis
(n= 67) (n= 78) (n= 7)

BMD
Lumbar spine 1-178 (0-194) 1-164 (0-146) 1-312 (0.203)
Femoral neck 0-941 (0-152) 0.944 (0-132) 1-057 (0-166)*
Ward's triangle 0-838 (0-172) 0-850 (0-146) 0-967 (0-166)
Trochanter 0-839 (0-148) 0-831 (0-135) 0-918 (0-174)

Z score
Lumbar spine 0-363 (1-461) -0-180 (1-146) 1-061 (1-596)*
Femoral neck -0-380 (1-298) -0-425 (1-092) 0.474 (1-104)
Ward's triangle -0-126 (1-296) -0-190 (1-109) 0-533 (0.833)
Trochanter -0-176 (1-278) -0-248 (1-121) 0-421 (1-196)

*p<0.05 compared with patients with Crohn's disease (analysis of variance followed by the
Student-Newman-Keuls test). Data presented as mean (SD).

Fourteen (9.2%) of 152 patients had been
under 18 years of age when their IBD had been
discovered. The bone mineral density or the Z
score values of these patients were not statisti-
cally different from those who had been diag-
nosed at adult age.

In women, there were no differences in the
number of pregnancies or the use of oestrogen
treatment between the patients and the con-
trols. Five of 72 women (6-9%) in the patient
group and seven of 38 (18-4%) in the control
group had been using oestrogen treatment (for
purposes other than contraception). Their age
and sex adjusted bone mineral density values
were not significantly different from the others.
Twelve (16-7%) of 72 women patients and two
(5S.3/o) of 38 women controls had had amenor-
rhoea, but they did not have different Z scores
of bone mineral density in either of the groups
when compared with the women who had
normal menstrual history. The medical docu-
ments showed none of the patients or controls
to have a history of osteoporotic or other
pathological fractures, but as x rays were not
taken, spinal fractures could not be excluded.

Effect of operations and the type ofIBD on bone
mineral density
The patients with previous colectomy (n= 12)
had lower bone mineral density values than the
patients who had not had small bowel resec-
tion or colectomy (n= 123), but the differences
were not statistically significant. The mean
length of the small bowel resection was 40.0
(28.2) (10-100) cm and the time since the
resection 8.6 (6.4) (2-20) years. The bone
mineral density did not correlate with the time
that had passed since the small bowel resec-
tion.
When the patients with different types of

IBD were compared, no significant differences
in bone mineral density or Z scores between
the patients with ulcerative colitis and Crohn's
disease were found (Table III). There was no
significant difference in bone mineral density
at any site between the patients with ileal
inflammation in the histological specimens
(n=56) and the patients without ileitis (n= 96).
On the basis of the histological specimens, 25
(37.3%) of the ulcerative colitis patients had
left sided colitis. The bone mineral density of
these patients was not different from that of the
ulcerative colitis patients with total colitis. The
duration of the disease did not correlate with
bone mineral density at any site measured
(Fig 2).
Twenty of the 152 patients (13.2%) had

another disease apart from IBD that might
affect bone: two had kidney disease, seven
ankylosing spondylitis, two coeliac disease, six
liver disease, one had been operated on
because of a mild hyperparathyreosis, one was
investigated because of a suspicion of a mild
hyperparathyreosis, and one had had hyper-
thyreosis. The bone mineral density values of
these patients, however, were not significantly
different from those of the other patients. At
the time of the clinical examination, two
patients of 152 (1.3%) had diarrhoea or blood
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Figure 2: Correlation of the duration of the disease (time
since the diagnosis was established) and the Z score of the
bone mineral density in the femoral neck in 152 patients
with inflammatory bowel disease.

in stools on a daily basis and fever or other gen-
eralised symptoms, 22 (14.5%) had diarrhoea
or blood in stools every day, but no generalised
symptoms, 33 (21 7%) had only mild symp-
toms less often than daily, and 95 (62.5%) had
no symptoms related to IBD. When the
patients with mild or no symptoms (n= 128)
were compared with the patients with a more

symptomatic disease (n= 24), no significant
differences in bone mineral density at any site
were found (in the femoral neck the mean
difference was 0-014 g/cm2).

elsewhere. There was a significant negative
correlation between the duration of cortico-
steroid treatment and bone mineral density in
the trochanter (r=-0.215, p=0.013), but not
in the other areas.

During the year preceding the study, eight
of 152 patients (5.3%) had received more than
2 g of prednisone/prednisolone. Their bone
mineral density values were significantly lower
than those of the other patients. The mean dif-
ference in the lumbar spine was 0.153 g/cm2
(95% confidence limits for the mean difference
(CL) 0.275 to 0-031, p=0.015), in the femoral
neck 0.132 g/cm2 (CL 0.233 to 0-031,
p=0.010), in Ward's triangle 0d153 g/cm2 (CL
0.265 to 0.040, p=0008), and in the
trochanter 0 116 g/cm2 (CL 0.217 to 0-015,
p=0024).

Eight of 152 patients (5.3%) and two of 73
controls (2.7%) had Z scores in the spine lower
than -2 SD. The total lifetime corticosteroid
dose of these eight patients with low spinal
bone mineral density values was 10.1 (12.8)
(0-32) g and the duration of their peroral cor-
ticosteroid treatment was 31.5 (40.0) (0-108)
months. One patient of eight had never
received peroral corticosteroids. During the 12
months preceding the clinical examination,
three of eight had not been using cortico-
steroids. Three of eight (37 5%) had ileitis and
another three had had fractures. Two patients
had extraintestinal manifestations (one had
liver disease), one had had an ileocaecal resec-
tion, and two had received immunosuppressive
treatment.

Bone mineral density in patients with different
medical treatment
Of the 152 patients, 110 (72.4%) had used
peroral corticosteroids. The mean duration of
corticosteroid treatment was 17.4 (23.4)
(1-167) months and the mean lifetime corti-
costeroid dose 4.8 (6.9) (1-45) g. Table IV
shows the bone mineral density values of the
patients with different lifetime corticosteroid
doses. The total lifetime corticosteroid dose
had a significant correlation with bone mineral
density in the lumbar spine (r= -0.164,
p=0-04), in the femoral neck (r=-0.185,
p=0.02), in Ward's triangle (r=-0.167,
p=0.04) and in the trochanter (r=-0237,
p=0.003). The mean time that had passed
since the first corticosteroid dose was 9 1 (5.7)
(1-32) years. This time had a significant cor-
relation with bone mineral density in the
lumbar spine (r=0.214, p=0.023), but not

Discussion
This study is the first to provide controlled
data on bone mineral density in a large un-
selected group of IBD patients. The results
show the association between a high lifetime
corticosteroid dose and the low bone mineral
density in these patients.

In this study, we used a local IBD register
including all IBD patients treated in the
hospital since 1986. Because of the follow up
programme of these patients, even those with
an IBD diagnosis made before 1986 were

included. As our clinic is the only gastro-
enterology clinic in northern Finland, in an
area with a population of roughly 300 000, the
patients with IBD from this area are usually
referred to us for colonoscopies and gastro-
enterological consultation. At the end of
the year 1992, the register consisted of 519

TABLE IV Bone mineral densities (BMD, g/cm2) in relation to the lifetime corticosteroid dose (g ofprednisonel
prednisolone)

Controls Group l* Group 2* Group 3* Group 4*
(n=73) (n=42) (n=66) (n=26) (n=18)

Lifetime corticosteroid dose (g) 0 0 1-5 6-10 >10
BMD
Lumbar spine 1-228 (0-156) 1-208 (0-175) 1.191 (0-164) 1-156 (0-185) 1-085 (0.163)t
Femoral neck 1.001 (0.139) 0 982 (0-130) 0-960 (0-134) 0-925 (0-178) 0-856 (0.114)t
Ward's tiangle 0-889 (0-162) 0-883 (0-136) 0-865 (0-150) 0-825 (0.207) 0-758 (0-135)t
Trochanter 0-888 (0-126) 0-882 (0-132) 0-851 (0-131) 0.793 (0.177)t 0.757 (0-107)t

* 152 patients with inflammatory bowel disease were divided into groups 1-4 on the basis of their lifetime corticosteroid dose.
tp<0 05 compared with the controls and the groups 1 and 2 (analysis of variance followed by the Student-Newman-Keuls test).
fp<005 compared with the controls and group 1 (analysis of variance followed by the Student-Newman-Keuls test). Data
presented as mean (SD).
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ulcerative colitis patients and 150 patients with
Crohn's disease. The prevalence of IBD cal-
culated from these figures is practically the
same as published previously in Scan-
dinavia16-19 and is in accordance with the data
available on the reimbursement for the treat-
ment of the Finnish IBD patients.20 We there-
fore believe that nearly all IBD patients in the
area have been entered in the register.
The patients with IBD confined to the

rectum only were excluded from our study,
because usually only local symptoms are
related to the rectal disease and this type of
IBD has little effect on the nutritional status.
Furthermore, peroral corticosteroids are
seldom used in the IBD patients with proctitis.
The same exclusion criteria has previously
been used in a similar study.2 After the IBD
diagnosis had been confirmed, a minimum of
three years of follow up was required to ensure
a correct diagnosis.
Two cross sectional studies have been pub-

lished with the goal of clarifying the prevalence
of low bone mineral density in the femoral and
spinal areas in IBD patients.1 2 Pigot et al2
were the only ones to use dual energy x ray
absorptiometry. With dual energy x ray
absorptiometry-type densitometry, it is pos-
sible to achieve a good precision and a minimal
radiation exposure in measuring bone mineral
density at clinically relevant sites, such as the
femoral neck and the spine.21 Computed
tomography is also an accurate method in
measuring bone mineral density in these sites,
but it has the disadvantage of a considerably
higher radiation exposure. Bone mineral
density measurements of the spine and the
femur are considered to be better predictors
for fracture risk in these areas than peripheral
densitometry.22 23 Each SD decrease in the
femoral neck bone mineral density has been
reported to increase the age adjusted risk for
hip fracture 2.6-fold.23 As even a single bone
mineral density measurement predicts hip
fractures,23 24 a cross sectional study may show
an increased fracture risk.

Pigot et al2 found 23% of 61 IBD patients to
have bone mineral density more than 2 SD
below the previously established age and sex
adjusted normal values at the spine and
femoral levels. Compston et al l measured the
bone mineral density of 75 IBD patients with
single photon absorptiometry from the radius
and the bone mineral content with quantitative
computed tomography from the spine. Twelve
of 75 patients (16%) had spinal trabecular
bone mineral contents more than 2 SD below
the previously published age and sex matched
control value. In this study, only eight (5.3%)
patients at the spinal level and nine (5.9%) at
the femoral level had bone mineral density
more than 2 SD below the age and sex
adjusted reference value. In all of these three
studies only adult patients over 18 years of age
were included. In Pigot's study2 patients up to
70 years were included, but the mean age was
even lower than in this study. In the study by
Compston et al1 the oldest patient was 81
years old, but the mean age was very similar to
this study. The bone mineral density of the

elderly were not separately analysed. The
inclusion ofsome older patients in the previous
studies probably does not account for the dif-
ferences between the Z scores of these studies
and our study.
The previous studies included consecutive

patients attending a gastroenterology clinic.
According to Compston et al,1 38 of 51
(74.5%) patients with Crohn's disease had
undergone one or more intestinal resections.
In Pigot's study,2 13 of 34 ulcerative colitis
patients (38.2%) had an ileoanal anastomosis.
In this study, only 17 (21.8%) of 78 Crohn's
disease patients had undergone small bowel
resection and seven of 67 patients with ulcera-
tive colitis (10.4%) had undergone colectomy.
The different treatment strategies may explain
some of these differences, but it is probable
that more difficult cases of IBD were included
in the previous studies. This may be the reason
for the reported lower bone mineral density
values in IBD patients. Because of the con-
trolled study design and the special effort made
to achieve uniform and accurate diagnostic
criteria for IBD we believe that this study
characterises fairly well the bone mineral
density of adult IBD patients.
Compston et all reported severe clinical

osteoporosis with vertebral fractures only in
the IBD patients who had been receiving high
dose corticosteroid treatment (lifetime dose
15-65 g). They also found a significant nega-
tive correlation between bone mineral density
and the lifetime corticosteroid dose. In accor-
dance with their findings, we found low bone
mineral density values in IBD to be closely
related to the total lifetime corticosteroid dose.
In this study, IBD patients who had never
received peroral corticosteroids had virtually
the same bone mineral density values as the
controls. A study on patients with giant cell
arteritis showed no additional osteoporosis
related to corticosteroid use.25 The results
were similar among patients with rheumatoid
arthritis receiving corticosteroid treatment in
doses (mean 8.0 (0.5) mg/day for a mean
period of 89.6 (12.0) months) resulting in con-
siderably higher mean lifetime corticosteroid
doses (over 20 g) than in this study.26 These
results might be taken to imply that other
factors apart from the corticosteroids, such as
disease activity, could be involved. The corti-
costeroid regimen prescribed to IBD patients
in our hospital, however, which has mostly
consisted of higher initial doses of 30-40 mg of
prednisone or prednisolone/day and a slow
tailing off of the dose over the course of several
weeks, may have a more harmful effect on
bone than the low dose maintenance treatment
used in rheumatoid arthritis. High cortico-
steroid doses are so closely related to greater
disease activity that it is impossible on the basis
of this study to answer the question: 'How
much of the osteoporosis is caused by cortico-
steroid treatment and what role has disease
activity alone?' In the future, studies on
patients receiving immunosuppressive treat-
ment might shed light on this.
The deficiency of calcium and vitamin D

absorption is well established in some patients
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with IBD.27-30 In this study, however, low
bone mineral density values were not signifi-
cantly related to either ileitis or small bowel
resections. Similar results have been previously
reported by Hylander et al.31 In this study, the
effect of extensive small bowel resections on
bone mineral density values could not be
analysed, because none of the patients had had
a small bowel resection of over 100 cm. As
menstrual abnormalities and reduced fertility
are related to IBD32 sex hormone deficiency
may be one of the pathogenetic factors in
osteopenia of IBD patients. In contrast with
Compston et al,l however, we were unable to
find low bone mineral density values in
amenorrhoeic women with IBD.

So far, two uncontrolled longitudinal studies
of bone loss in IBD patients45 have been
published. Controlled longitudinal studies
including even the milder forms ofIBD are still
needed to confirm the rate ofbone loss in these
patients. Further studies of the bone loss in the
adolescent and the elderly IBD patients are
also needed. We conclude that IBD patients
have significantly lower bone mineral density
values than healthy controls, but according to
our findings low bone mineral density values in
these patients seem to be less common than
has been reported previously.' 231 In this
study, the low bone mineral density in IBD
patients was not related to the type or extent of
the disease or to the duration of the illness.
Low bone mineral density values were found in
IBD patients with high lifetime corticosteroid
doses, and especially the patients who have
received over 5 g of prednisone/prednisolone
should be monitored because of the possibly
increased fracture risk. The IBD patients who
had never received peroral corticosteroids did
not have decreased bone mineral density
values.
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