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Objective To evaluate peak bone mass attainment in children and adolescents with inflammatory bowel disease
and to identify risk factors for suboptimal bone mass attainment.
Study designWe conducted a prospective follow-up study of 47 children and adolescents (24 males) with ulcer-
ative colitis (n = 30) or Crohn’s disease (n = 17). They were assessed for lumbar spine areal bone mineral density
(aBMD) and for height-adjusted whole body less head bone mineral content (BMC); the values were corrected
for bone age.
Results Altogether, 73% of the patients had completed pubertal development after the median follow-up time
of over 5 years. Despite clinical inactivity of the disease in 70% of the patients at the follow-up visit, BMD or BMC
Z-scores improved in none of the measurement sites. Lumbar spine aBMD Z-scores (mean difference [95% CI],
�0.47 [�0.92 to �0.03]; P = .04) and whole body less head BMC height– and bone age–adjusted Z-scores
(�0.52 [�1.01 to �0.02]; P = .04) decreased in patients who were pubertal at baseline and completed their pu-
bertal development during the follow-up. Postpubertal patients had lower aBMD and BMC Z-scores in compar-
ison with prepubertal and pubertal patients. Low lumbar spine aBMD (Z-score < �1.0) was associated with
completed pubertal development, underweight, and greater lifetime cumulative weight-adjusted prednisolone
dose. Vertebral fractures were detected in 3 patients (6%). One-fourth of the patients had insufficient serum
25-hydroxyvitamin D concentrations (<50 nmol/L).
Conclusions The longitudinal follow-up over the pubertal years shows that inflammatory bowel disease poses a
significant threat for bone health. The suboptimal peak bone mass attainment may have life-long consequences. (J
Pediatr 2014;164:1436-43).

I
nflammatory bowel disease (IBD) is a risk for normal growth and pubertal development; inflammation, malnutri-
tion, and glucocorticoid (GC) treatment contribute to these and to impaired bone health.1-4 Longitudinal studies
indicate that bone mass accrual is subnormal.5-7 Premenopausal women with Crohn’s disease (CD) with disease

onset before age 16 years demonstrated significantly reduced areal bone mineral density (aBMD).8 Two longitudinal
studies with peripheral quantitative computed tomography (pQCT) showed in pediatric patients with CD or ulcerative
colitis (UC), incomplete improvements in muscle mass, trabecular volumetric bone mineral density (vBMD), and bone
geometry after median 1 and 2.6 years’ follow-up.9,10 The 1-year prospective study from diagnosis demonstrated greater
increases in vBMD in prepubertal and early pubertal subjects with CD compared with more mature subjects.9 Follow-
up times in previous studies have been short and bone health in young adults with childhood onset IBD thus remains
unknown.

We conducted a prospective follow-up study of more than 5 years in children and adolescents with IBD. Most of the patients
completed pubertal development during the follow-up. Disease characteristics, treatments, growth, and pubertal development
were correlated with bone mass measurements to identify risk factors for low BMD.
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25(OH)D 25-Hydroxyvitamin D

aBMD Areal bone mineral density

BA Bone age

BMC Bone mineral content

Ca Calcium

CD Crohn’s disease

DXA Dual-energy X-ray absorptiometry

FM Fat mass

GC Glucocorticoid

HBI Harvey-Bradshaw Index

IBD Inflammatory bowel disease
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PCDAI Pediatric Crohn’s Disease Activity

Index
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Index

SCCAI Simple Clinical Colitis Activity

Index

UC Ulcerative colitis

vBMD Volumetric bone mineral density

VF Vertebral fracture

VFA Vertebral fracture assessment
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Methods

This prospective cohort study involved 47 (24 males) chil-
dren, adolescents, and young adults with IBD, diagnosed ac-
cording to the Lennard-Jones criteria.11 Altogether, 80
(43 females) patients participated in baseline assessment be-
tween June 2004 and December 200512 and 47 (59%) of them
in the follow-up examination between May 2010 and
December 2010. Participants and nonparticipants did not
differ in age, pubertal state, diagnosis, disease duration or ac-
tivity, aBMD Z-scores, frequency of delayed bone age (BA),
or cumulative prednisolone dose for the previous 3 years.
At baseline, all patients were treated at the Outpatient Clinic
for Pediatric Gastroenterology at the Children’s Hospital,
Helsinki University Central Hospital. The inclusion criteria
were age between 4 and 20 years and IBD diagnosed at least
3 months before enrollment. Subjects were ineligible if they
had other medical conditions unrelated to IBD that could
affect growth or bone mass accrual. The study protocol was
approved by the institutional research ethics committee. A
written informed consent was obtained from all participants
and/or their guardians.

Medical records were reviewed for disease and treatment
characteristics. Disease duration was calculated from the
date of the first diagnostic gastroenterological endoscopy.
Lifetime weight-adjusted (dose per body weight) cumulative
exposure of orally and parenterally administered predniso-
lone equivalents was calculated. Fracture history, including
localization and trauma mechanism, were recorded. Frac-
tures resulting from falls from standing height or less were
regarded low-energy fractures. A 3-day dietary recall was
obtained for 33 (70%) patients; they were analyzed using
the Finnish National Food Composition Database (Fineli;
National Institute of Health and Welfare, Helsinki,
Finland), and dietary and total (including supplements) in-
takes of calcium (Ca) and vitamin D were calculated.

Patients were clinically assessed; imaging studies and labora-
tory measurements were performed at the same visit. Pubertal
status was determined according to Tanner staging.13 Age at
menarche was determined by interview. Disease activity was
scored in CD with Pediatric Crohn’s Disease Activity Index
(PCDAI) before age 20 years14 and Harvey-Bradshaw Index
(HBI) in adults,15 and in UC with Pediatric Ulcerative Colitis
Activity Index (PUCAI) in adolescents16 and Simple Clinical
Colitis Activity Index (SCCAI) in adults.17 The patients were
classified as having: (1) “moderate/severe disease” at examina-
tion, if PCDAI was$30, HBI$8, PUCAI$35, or SCCAI$5;
(2) “milddisease” if PCDAI$10and<30,HBI$5 and<8,PU-
CAI $10 and <35, or SCCAI >2 and <5; or (3) “inactive dis-
ease” if PCDAI <10, HBI <5, PUCAI <10, or SCCAI
#2.14,16,18-20

Growth Assessment
Height was measured with a Harpenden stadiometer (Hol-
tain Limited, Crymych, United Kingdom) and weight in
thin underwear with an electric scale. Height Z-score was
defined as a deviation of height, in SD scores, from the
mean height for age and sex.21,22 Patients <18 years were re-
garded underweight, normal weight, or overweight according
to Finnish pediatric body mass index references.23 Adults
were classified underweight, normal weight, or overweight
by body mass index <18.5 kg/m2, 18.5-25 kg/m2, or
>25 kg/m2, respectively.24 Parental heights were obtained
from medical records and parent-specific expected height
SD scores were calculated.25,26
Imaging Studies
BA was determined for prepubertal and pubertal patients
(n = 17) from a left hand radiograph27 and considered delayed
or advanced when it differed from calendar age more than
1 year; BA-adjusted BMD, bone mineral content (BMC), and
height values were used in these cases. aBMD (g/cm2), BMC
(g), lean mass (LM), and fat mass (FM) were measured at
both time points with dual-energy X-ray absorptiometry
(DXA; pediatric software, Discovery A, version 12.4; Hologic,
Bedford, Massachusetts). Calibration of the measurements
was performed by using a spine phantom; inter-assay coeffi-
cient of variation for the phantom BMC, area, and BMD
were 0.35%, 0.21%, and 0.41%, respectively. Lumbar spine
(L1-L4) aBMD values were transformed into Z-scores by
comparing with age- and sex-adjusted reference data for white
subjects in the US. We calculated height-adjusted Z-scores for
whole body less head BMC values using the least mean square
algorithm with age- and sex-adjusted reference data for
nonblack subjects for ages 5-20 years.28 Z-scores for LM for
height (age <20 years), ratio of LM to height2 (age
$20 years), percent FM for age (age <20 years), and ratio of
FM to height2 (age$20 years) were calculated using the least
mean square algorithm.29

Spinal compression fractures were determined from lateral
spinal radiographs and from DXA-derived vertebral fracture
assessment (VFA) images. Vertebral fractures (VF) were
graded as mild (Grade 2a; 20%-49% anterior height reduc-
tion) or severe (2b; $50% anterior height reduction) wedge
deformities, or mild (3a; vertebral middle and/or posterior
height reduction 20%-29%) or severe (3b; vertebral middle
and/or posterior height reduction $30%) compression de-
formities.30 The VFA and radiograph images were assessed
independently by two experienced readers; discrepancies
were reviewed for consensus.
Biochemistry
Blood count and erythrocyte sedimentation rate, plasma Ca,
phosphate, alkaline phosphatase and albumin, and serum
testosterone, estradiol, and dehydroepiandrosteronesulfate
were measured by standard methods. Serum 25-hydro-
xyvitamin D [25(OH)D] was assessed by liquid chromatog-
raphy; the laboratory’s reference range was >40 nmol/L and
target level in children 50-150 nmol/L, and plasma fasting
parathyroid hormone (P-PTH) by an immunometric assay
(IMMULITE 2000; Diagnostic Products, Los Angeles, Cali-
fornia); the reference range was 8-73 ng/L. Urine was
analyzed for Ca/creatinine.
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Table I. Characteristics of the 47 patients with IBD

Characteristic n (%) or median (range)

Diagnosis (UC/CD) 30 (64%)/17 (36%)
Sex (boy/girl) 24 (51%)/23 (49%)
Age at baseline, y 14.5 (5.1-19.2)
Age at examination, y 19.7 (10.7-25.0)
Patients older than 20 y 23 (49%)
Follow-up time, y 5.4 (4.9-6.3)
Age at diagnosis, y 10.2 (2.1-15.3)
Duration of disease, y 8.6 (6.0-19.8)
Disease activity at study visit

(inactive/mild/moderate-severe)
34 (72%)/11 (23%)/2 (4%)

Surgery during follow-up (IBD-related) 8 (17%)
Colectomy during lifetime 7 (15%)

Medication

5-ASA (lifetime/current) 47 (100%)/26 (55%)
Sulfasalazine (lifetime/current) 7 (15%)/4 (9%)
Azathioprine (lifetime/current) 26 (55%)/11 (23%)
Infliximab (lifetime/current) 9 (19%)/3 (6%)
Adalimumab (lifetime/current) 7 (15%)/5 (11%)
Oral GCs (lifetime/current) 43 (91%)/7 (15%)
No current use of daily oral

IBD medication
11 (23%)

Lifetime cumulative weight-adjusted
prednisolone dose, mg/kg n = 44

160 (1.8-1320)

Lifetime duration of GC treatment, d,
n = 44

507 (21-4110)

Cumulative weight-adjusted prednisolone
dose during follow-up time, mg/kg, n = 29

82 (2.1-930)

Duration of GC treatment during follow-up time,
d, n = 29

349 (8-2093)

Biochemistry

ESR, mm/h 5 (2-30)
Hemoglobin, g/L 134 (103-171)
HCT, % 40 (31-49)
Plasma albumin, g/L 39 (31-53)

5-ASA, 5-aminosalicylid acid; ESR, erythrocyte sedimentation rate; HCT, hematocrit.
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Statistical Analyses
The differences in categorical variables were tested with Pear-
son c2 test or 2-sample test for equality of proportions with
continuity correction. A t test was used when we compared
characteristics between 2 groups of patients. For non-
normally distributed parameters, we used the Mann-
Whitney nonparametric U test. One-sample t test was used
to test whether mean aBMD and BMC Z-scores differed
significantly from zero. The strength of relationship between
delta height SDS or cumulative weight-adjusted predniso-
lone dose during follow-up and delta lumbar spine BMD
or whole body less head BMC Z-scores was estimated using
Kendall rank correlation. The differences in parameters be-
tween the 2 examinations were tested with paired samples
t test. P < .05 was considered statistically significant. All sta-
tistical analyses were performed with IBM SPSS 20.0.0 statis-
tical package for Mac (SPSS Inc, Chicago, Illinois) except
2-sample tests for equality of proportions with continuity
correction that were performed with R statistical program,
version 2.15.2 (www.r-project.org/).

Results

Altogether 47 patients (24 males) were prospectively followed
from median age of 14.5 years to this follow-up assessment at
themedian age of 19.7 years; 30 patients (64%) hadUC, and 17
(36%) had CD (Table I). At the follow-up visit, mean disease
duration was 8.6 years, the majority (>70%) had inactive
disease, and 11 (23%) used no daily oral medication for IBD.

Pubertal State, Anthropometrics, and Bone
Measurements at Follow-Up Assessment
At the time of diagnosis, 25 of the patients were prepubertal,
20 pubertal, and two postpubertal. At follow-up, the majority
(75%) had completed pubertal development. Six (13%) sub-
jects had delayed BA (4 boys). Median age at menarche in
postpubertal girls (n = 19) was 14 years (range, 12-20 years).
The patient with latest menarche had otherwise-normal pu-
bertal development but primary amenorrhea. In one boy, pu-
berty was induced with testosterone in 6 months. Serum
testosterone and estradiol levels were appropriate for puber-
tal state, whereas 2 postpubertal boys had preadrenarcheal
serum dehydroepiandrosteronesulfate levels (<1.0 mM).

On average the BA-adjusted height SDS (median [range],
0 [�2.8 to 3.1]) did not differ significantly from the calculated
target height SDS (0.2 [�0.9 to 1.9], P= .88). Five (14%) of the
postpubertal subjects were underweight, 25 (71%) normal
weight, and 5 (14%) overweight. None of the prepubertal or
pubertal subjects were underweight, and 4 (33%) were over-
weight. aBMD BA-adjusted Z-scores for lumbar spine and
BMC height- and BA-adjusted Z-scores for whole body less
head were significantly below the expected mean value (Z-
score 0), and lower in postpubertal patients in comparison
with the group of prepubertal and pubertal patients
(Table II). P-PTH was supranormal (>73 ng/L) in 3 patients.
Four patients had hypercalciuria (urine Ca/creatinine $0.7);
none had hypocalcemia. Hypophosphatemia (P-phosphate
1438
<0.8 mM) was measured in 3 patients. Plasma alkaline
phosphatase was above the age- and sex-specific reference
values in 5 patients. One of the patients with abnormalities
in laboratory tests had tubulointerstitial nephritis and
secondary hyperparathyroidism (P-PTH 239 ng/L), and
others had no metabolic bone disease unrelated to IBD.
Low lumbar spine BA-adjusted aBMD (<�1.0 Z-score)

was observed in 17 (36%) patients. Patients with low lumbar
spine aBMD were all postpubertal, more often underweight,
and had lower height SDS and LM Z-scores than those with
greater aBMD (Table III). Lifetime cumulative weight-
adjusted prednisolone dose was significantly greater and
cumulative duration of GC treatment longer among
patients with low aBMD. When we restricted analysis to
postpubertal subjects, low lumbar spine BA-adjusted
aBMD was associated with greater cumulative weight-
adjusted prednisolone dose (P = .002), longer lifetime
duration of GC treatment (P = .02), underweight (P = .03),
lower height (P = .008), and LM Z-scores (P = .006).

Bone Mass Accrual, Growth, and Vitamin D Status
over Follow-Up Time
No improvement in bone mineral accrual rate was found in
any site of measurement during follow-up (Figure). In the
Laakso et al
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Table II. aBMD and BMC Z-scores, and body composition in patients with pediatric onset of IBD altogether and
according to pubertal states

Characteristic median (range) All P value* Prepubertal and pubertal, n = 12 Postpubertal, n = 33 P value†

Lumbar spine aBMD BA Z-score �0.7 (�3.3 to 3.3) <.001 �0.5 (�1.0 to 3.3) �1.1 (�3.3 to 0.7) .005
Whole body less head BMC HAZ-score �0.1 (�2.9 to 2.0) .04 0.3 (�0.6 to 1.0) �0.3 (�2.9 to 2.0) .04
LM Z-score �0.5 (�2.6 to 1.2) <.001 �0.8 (�2.5 to 0.6) �0.4 (�2.6 to 1.2) .45
FM Z-score �0.9 (�4.5 to 1.5) <.001 �0.6 (�4.5 to 1.4) �1.0 (�2.8 to 0.8) .39

HAZ, height- and BA-adjusted Z-score.
*P values from one-sample t test.
†P values from independent samples t test comparing the group of prepubertal and pubertal patients to the group of postpubertal patients.
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whole group, whole body less head BMC height- and
BA-adjusted Z-scores decreased significantly (mean
difference [95% CI], �0.31 [�0.54 to �0.09]; Figure). In
patients treated with tumor necrosis factor-a antibodies
at follow-up assessment (n = 8), the corresponding
change in Z-scores was on average �0.20 (�0.73 to 0.33,
P = .37). Altogether, 23 patients had inactive disease at
both baseline and follow-up assessments. Their whole
body less head BMC BA-and height-adjusted Z-scores
also decreased during follow-up (�0.5 [�0.9 to �0.2],
P = .006). Cumulative weight-adjusted prednisolone dose,
reflecting disease activity during the follow-up, did not
correlate with the changes in lumbar spine aBMD BA-
adjusted Z-scores (t = �0.04, P = .78) or whole body
less head BMC BA-and height-adjusted Z-scores
(t = �0.07, P = .64). To estimate the bone mineral
accrual according to pubertal development, BA-adjusted
aBMD and BMC Z-scores at the 2 time points were
plotted on the basis of the pubertal state at first
examination (Figure). There was no improvement seen
Table III. Associations with low BA-adjusted lumbar spine aB
development, anthropometrics, nutrition, and fracture histor

Characteristic
n (%) or median (range)

Sex (boy/girl)
Diagnosis (UC/CD)
Age, y
Disease characteristic
Duration of disease, y
IBD activity (inactive/mild-severe)
Lifetime cumulative weight-adjusted prednisolone dose, mg/kg, n = 44†

Lifetime duration of GC treatment, days, n = 44†

Pubertal development
Pubertal status at dg
(pre-/pubertal/post-)
Pubertal status at visit
(pre-/pubertal/post-)

Anthropometrics
Height SDS
LM Z-score
FM Z-score
Underweight/normal weight/overweight

Vitamin D, fracture history, and smoking
Total vitamin D intake, mg/d
Serum 25(OH)D, nmol/L†

Fracture history lifetime (no/any)
VF present

dg, diagnosis.
*P values from independent samples t test, except those marked with † that are from Mann-Whitn

Compromised Peak Bone Mass in Patients with Inflammatory Bo
during follow-up time in the BA-adjusted aBMD or BMC
Z-scores in patients who were prepubertal at first
examination; 10 of them were pubertal at second
examination and two remained prepubertal (total
n = 14). Lumbar spine aBMD Z-scores (mean difference
[95% CI], �0.47 [�0.92 to �0.03]) and whole body less
head BMC height- and BA-adjusted Z-scores (�0.52
[�1.01 to �0.02]) decreased in patients who were
pubertal at the beginning of the study and completed
pubertal development during the follow-up (total
n = 17). Whole body less head BMC height-adjusted Z-
scores decreased in patients who were postpubertal
already at baseline (total n = 14; �0.31 [�0.61 to 0.006]).
The BA-adjusted height Z-score did not change signifi-

cantly during the follow-up in the whole cohort (mean differ-
ence [95% CI], 0.05 [�0.2 to 0.3], P = .62) or when analyzed
separately for the patients treated with tumor necrosis factor-
a antibodies at the time of follow-up assessment (n = 8, 0.4
[�0.4 to 1.2], P = .26). Change in height SDS (median
[range], 0 [�1.4 to 2.0]) correlated positively with change
MD (<�1.0 Z-score) with disease characteristics, pubertal
y

Normal lumbar spine
aBMD (n = 28)

Low lumbar spine
aBMD (n = 17) P value*

13 (46%)/15 (54%) 9 (53%)/8 (47%) .67
20 (71%)/8 (29%) 9 (53%)/8 (47%) .21

18.6 (10.7-25.0) 20.4 (16.6-24.3) .03

7.9 (6.0-19.8) 9.1 (6.8-15.1) .35
21 (75%)/7 (28%) 11 (65%)/6 (35%) .28
132 (2.7-1320) 268 (1.8-1050) .03
379 (21-2507) 650 (21-4112) .007

17 (61%)/10 (36%)/1 (4%) 7 (41%)/9 (53%)/1 (3%) .50

2 (7%)/10 (36%)/16 (57%) 0/0/17 (100%) .007

0.6 (�1.3 to 3.1) �0.5 (�2.8 to 0.9) .002
�0.4 (�2.5 to 1.2) �1.0 (�2.6 to 0.7) .05
�0.6 (�4.5 to 1.4) �1.1 (�2.7 to 0.4) .15

1 (4%)/18 (64%)/9 (32%) 4 (24%)/13 (76%)/0 .009

11.1 (2.3-26.2) 21.7 (1.7-49.2) .01
59 (37-120) 75 (26-107) .38
20 (71%)/8 (29%) 11 (65%)/6 (35%) .64
3 (11%) 0 .27

ey U test.
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Figure. Bone mineral accrual in patients with pediatric-onset IBD. Values are given at baseline and at follow-up assessment for
lumbar spine as BA-adjusted aBMD Z-scores and for whole body less head as height- and BA-adjusted BMC Z-scores. Values
are given for the whole group and for subgroups determined by pubertal stage at baseline.
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in lumbar spine aBMD Z-score in the whole cohort (t = 0.33,
P = .002). Serum 25(OH)D levels and total vitamin D intake
were greater at follow-up examination than at initial exami-
nation (Table IV; available at www.jpeds.com). Although
only 47% of patients were initially examined during the
summer, 85% of patients participated in the follow-up
examination during the summer. The prevalence of
vitamin D deficiency decreased from 30% to 7% during the
follow-up. Patients with suboptimal serum 25(OH)D level
(<50 nmol/L, n = 11) did not differ significantly in lumbar
spine aBMD (median [range]: �0.8 [�3.3 to 0.5] vs �0.6
[�2.9 to 2.9], P = .51) or whole body less head BMC BA-
and height-adjusted Z-score from those with higher serum
25(OH)D levels (�0.6 [�2.9 to 1.0] vs �0.1 [�2.5 to 2.0],
P = .43).

Fracture History and Vertebral Fractures
Altogether, 8 peripheral fractures were reported in 7 patients
during the follow-up. Two fractures resulted from a high-
energy injury and 6 fractures from a low-energy injury. VFs
1440
were detected in three patients (6%); they were 21-25 years
of age and all had UC with a disease duration ranging from
7.5 to 11.9 years. Single VF was found in 2 female patients
and 7 VFs in a male patient; all fractures occurred in the
thoracic region. One of the fractures was graded as mild ante-
rior wedge deformity (2a), 2 as severe anterior wedge defor-
mity (2b), and 6 as mild compression deformity (3a).

Discussion

IBD during childhood and adolescence puts normal growth
and development of the skeleton at risk. During childhood
and adolescence, bone mass increases to attain peak values
by the end of the second or the beginning of the third
decade; the greatest rate of mineral accumulation occurs
during puberty.31 In our cohort, no improvement in bone
mass accrual was observed during puberty. Moreover, lum-
bar spine aBMD Z-scores and whole body less head BMC
height-and BA-adjusted Z-scores decreased significantly in
patients who were pubertal at study onset and completed
Laakso et al
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pubertal development during follow-up. Postpubertal pa-
tients showed significantly decreased aBMD, indicating sub-
optimal peak bone mass attainment during puberty.
Previous studies on premenopausal women have suggested
that juvenile-onset IBD leads to suboptimal peak bone
mass.8,32 There are scarce previous studies on children
and adolescents with IBD in which investigators explore
the influence of puberty on BMD development, although
follow-up studies have shown insufficient improvement in
bone health after initiation of IBD treatment.5-7,9,10 No sig-
nificant change was seen in BMD during a 2-year follow-up
from diagnosis in 48 patients with CD, of whom 72% were
prepubertal or in early puberty at diagnosis.5 Greater im-
provements in trabecular vBMD Z-scores were demon-
strated in subjects at Tanner stage I-II in comparison
with those at Tanner stage III-V over 1-year follow-up by
pQCT.9 However, a study following 102 children with
IBD for 2.6 years by pQCT showed that improvements in
height-corrected muscle cross-sectional area associated
closely with bone measurements; the inclusion of pubertal
stages had no effect on multiple linear regression models.10

Cross-sectional studies have found no association between
pubertal maturation and lumbar spine bone mineral
apparent density33 or whole body less head BMC.34 Studies
exploring bone mineral accrual during puberty have used
different classifications of pubertal stages, and subgroups
have often had limited power to exclude negative findings.
On the basis of these previous observations and our data,
juvenile-onset IBD comprises a true risk for bone mass
accrual during puberty. We have previously shown that in
addition to patients with IBD, pediatric liver transplant re-
cipients35 and adolescents who had undergone allogeneic
stem cell transplantation36 have inadequate bone mass
accrual during puberty.

Delayed puberty is known to compromise peak bone mass
permanently.37,38 Children and adolescents with IBD are at
risk for delayed puberty and growth retardation because of
malnutrition, GC therapy, and systemic inflammation.2,4 In
our cohort, both increased age at menarche in girls and de-
layed BA in boys were observed as signs of pubertal delay
at the follow-up visit. In addition to pubertal delay, growth
retardation needs to be taken into account when exploring
the impact of IBD on bone mass accrual. Regarding DXA re-
sults, there is a risk for underestimation of aBMD in children
with reduced height. Although we adjusted whole body less
head BMC Z-scores for both BA and height SDS, the values
deteriorated significantly during the follow-up in the whole
cohort. Height Z-scores at follow-up visit did not differ
significantly from the expected heights calculated from
parental heights, and no significant change in height Z-scores
was observed during follow-up, in concordance with previ-
ous studies.39-42 In agreement with our results, improve-
ments in height Z-scores have been correlated with higher
bone mineral accrual rate.7,9

GC treatment in patients with IBD results in reduced bone
formation by suppressing osteoblastogenesis, inhibiting
chondrocyte proliferation and collagen synthesis, and by pro-
Compromised Peak Bone Mass in Patients with Inflammatory Bo
moting bone resorption.4 In the follow-up assessment of our
cohort, greater lifetime prednisolone dose was associated
with low lumbar spine aBMD, reflecting possibly both
more active disease and the side effects of GC treatment.
The baseline data of the whole cohort of 80 patients indicated
that cumulative weight-adjusted dose of prednisolone
$150 mg/kg for the preceding 3 years was associated with
increased risk for low BA-adjusted aBMD Z-score.12 In other
studies, cumulative GC dose has been associated with
reduced aBMD43-45 and correlated negatively with the change
in lumbar spine BMD Z-scores.46 However, many studies
have found no association between GC treatment and bone
measurements or bone mineral accrual rate.5-7,10,34,47,48

Our strength concerning analyses on the effects of GC treat-
ment is the careful collection of data, making it possible to
calculate reliable lifetime cumulative weight-adjusted GC
doses including all orally and parenterally administered
GCs. In addition to cumulative GC dose reflecting disease ac-
tivity, we estimated clinical disease activity indexes only at
baseline and follow-up assessments. aBMD Z-scores did
not improve at any measurement site over the median
follow-up time of over 5 years, although the disease was clin-
ically inactive in most of the patients at the follow-up visit.
Clinically inactive state of disease does not necessarily corre-
late with mucosal healing that was not routinely evaluated
during the study.
As possible consequences of compromised bone strength,

we found subclinical VFs in 11% of the 80 patients with
IBD at baseline by assessing the VFA images.12 By using
both radiography and VFA-images, we found, at the
follow-up visit, VFs in 6% of the patients. An epidemiologic
study on fracture risk in pediatric patients with IBD has
shown a strong trend towards increased VFs in pediatric pa-
tients with IBD.49 In contrary to previous reports on VFs in
patients with CD,50,51 all VFs in our cohort were found in pa-
tients with UC.
Total intake of vitamin D increased during the follow-up

and fewer patients were vitamin D deficient in comparison
with the baseline assessment. However, one fourth of the pa-
tients still had 25(OH)D concentrations less than 50 nmol/L,
indicating a need for continuous monitoring of vitamin D
status in patients with IBD. Patients with low lumbar spine
aBMD had greater total vitamin D intake, but their serum
25(OH)D levels were not significantly greater, reflecting
possibly impaired absorption of nutrients.
In conclusion, this longitudinal follow-up study on 47 pa-

tients with IBD over the pubertal years shows that IBD poses
a significant threat for bone health during childhood and
adolescence. The observed suboptimal peak bone mass
attainment may have life-long consequences and predispose
to symptomatic osteoporosis in early adulthood. More
studies are needed to define mechanisms behind compro-
mised bone mass accrual. Optimally, these studies should
include larger cohorts, follow-up from disease onset to skel-
etal maturity, other methods in addition to DXA to assess
skeletal characteristics, and interventions with vitamin D
and weight-bearing exercise. Puberty may offer a window
wel Disease–A Prospective Study 1441
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of opportunity to improve BMD, although our study showed
insufficient efforts during this critical period (eg, to ensure
optimal vitamin D status). n
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Table IV. Serum 25(OH)D, dietary intake of vitamin D
and Ca, and the frequency of vitamin D deficiency at
baseline and follow-up assessments of young patients
with IBD

Characteristic,
median (range) or n (%) Baseline Follow-up P value*

Serum 25(OH)D, nmol/L 49 (17-102) 67 (26-120) .001
Season (summer) 22 (47%) 40 (85%) <.001
Dietary vitamin D intake,
mg/day†

3.9 (0.9-11.5) 4.7 (1.1-24.5) .16

Vitamin D supplement
in use

24 (52%) 29 (63%) .40

Total vitamin D intake,
mg/day†

7.5 (1.6-19.5) 12.6 (1.7-49.2) .002

Dietary Ca intake, mg/day† 962 (256-2820) 1120 (199-2830) .27
Ca supplement in use 20 (43%) 20 (43%) >.99
Total Ca intake, mg/day† 1380 (678-2820) 1420 (287-3260) .44
Vitamin D deficiency <37.5
nmol/Lz

13 (30%) 3 (7%) .01

Vitamin D insufficiency
<50 nmol/Lz

22 (51%) 11 (26%) .03

*P values from paired-samples t test and 2-sample test for equality of proportions with conti-
nuity correction.
†Total n = 24.
zTotal n = 43.
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