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Abstract

AIM: To investigate the postprandial response of bone
turnover markers in patients with Crohn’s disease (CD).

METHODS: Fifty nine patients with CD aged 38 = 14
years, and 45 healthy individuals matched for age and
body mass index were included in the study. All partici-
pants underwent an oral glucose tolerance test (OGTT)
after an overnight fast and serum levels of the bone
resorption marker C-terminal crosslinking telopeptide of
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type I collagen (CTX- 1) and the bone formation mark-
er procollagen type I N propeptide were measured.
Activity of the disease was assessed by calculation of
the Crohn’s disease activity index (CDAI).

RESULTS: Serum CTX-I was significantly higher in pa-
tients compared to controls (CTX-I: 453 £ 21 pg/mL
vs 365 + 25 pg/mL, P = 0.008), and values were sig-
nificantly correlated with the activity of the disease (r
= 0.435, P = 0.001). Results from OGTT-induced sup-
pression of CTX-I showed two different trends. Patients
with more active disease (assessed as CDAI > 150)
had a more excessive suppression of CTX-I compared
to controls (55% vs 43% P < 0.001), while patients on
remission (assessed as CDAI < 150) demonstrated an
attenuated CTX-I suppression (30% vs 43% P < 0.001).
In line with this, CTX-I suppression after oral glucose
load was significantly correlated with the activity of the
disease (r = 0.913, P < 0.001).

CONCLUSION: The physiological skeletal response of
postprandial suppression of bone resorption is main-
tained in patients with CD and is strongly dependent to
the activity of the disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Serum C-terminal crosslinking telopeptide of
type I collagen is significantly higher in patients with
Crohn’s disease (CD) compared to controls and values
are significantly correlated with the activity of the dis-
ease, reflecting probably the increased osteoclastogen-
esis induced by the secretion of inflammatory cytokines.
Despite higher bone turnover, however, the physiologi-
cal skeletal response of postprandial suppression of
bone resorption is maintained in patients with CD but is
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strongly dependent to the activity of the disease.
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INTRODUCTION

Inflammatory bowel diseases (IBD), such as Crohn’s dis-
ease (CD) and ulcerative colitis (UC), are associated with
an increased prevalence of osteoporosis, ranging from
12%-42%"" with low bone mass being more common
in patients with CD than UCPY, Fracture risk is also in-
creased in these patients, particularly in older individuals
(> 60 years old)™.

The underlying pathophysiology is still not completely
understood, but the etiology seems to be multifacto-
rial. Many of the patients with IBD receive long-term
treatment with corticosteroids, and bone loss is more
commonly observed in these patientsm due to the well-
established negative effects of corticosteroids on bone
formation and calcium balance. Malabsorption, calcium
and vitamin D deficiency, and hypogonadism due to the
inhibitory effects of the disease itself as well as cortico-
steroid treatment effects on pituitary function are also
implicated™”.

However, low bone mineral density (BMD) is present
even in newly diagnosed patients with IBD who are not
receiving corticosteroids or who have normal calcium
homeostasis"’.

Recent data have illustrated the role of disease-related
inflammation and secreted soluble mediators such as in-
terleukins 1 and 6 (IL-1, IL-6), tumor necrosis factor-ou
(ITNF-o) and receptor activator of nuclear factor kap-
pa-B ligand (RANKL) in directly affecting bone metabo-
lism™”"""¥. In addition, treatment with the anti-TNF-q,
agent infliximab is associated with improvement in bone
mineral density in patients with CD"™">".

In the human skeleton, bones are continuously re-
newed, and bone resorption is equally coupled with bone
formation. Several studies have shown that a variety of
nutrients, including glucosem’m and proteinm], result in
an acute suppression of bone turnover markers. In re-
sponse to oral glucose in particular, there is a rapid sup-
pression of bone resorption within minutes, with a 50%
decrease in serum C-terminal crosslinking telopeptide
of type I collagen (CTX-D". The greater suppression
of bone resorption during oral glucose administration s
intravenous glucose administration"” and the inhibition
of this response after the administration of octreotide!”
propose a key role for gastrointestinal peptides in this
physiological skeletal response.

Postprandial suppression of bone resorption has
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been studied in diseases that affect bone metabolism
through different pathogenetic mechanisms, such as type
2 diabetes mellitus™” and thyroid diseases”. The effect
of inflammatory bowel diseases that disturb both bone

2 .
1S cur-

metabolism and the secretion of gut hormones
rently unknown.

In the present study, we addressed this issue by exam-
ining the response of bone turnover markers after an oral

glucose load in patients with Crohn’s disease.

MATERIALS AND METHODS

Patients with CD who were followed at the Gastroentet-
ology Department of AHEPA University Hospital from
September 2010 until May 2011 were initially screened
for eligibility. Exclusion criteria were impaired renal func-
tion (serum creatinine > 120 umol/L), impaired liver
function, malignancy, thyroid disease, use of proton
pump inhibitors, diabetes mellitus and the presence of
diseases (e, primary hyperparathyroidism or Paget’s dis-
ease of bone) and/or the use of medications (.e., gluco-

corticoids within 6 mo prior to enrollment, administered
cither locally or systematically; bisphosphonates; calci-
mimetics) known to affect bone metabolism. This study
was approved by the local ethics committee of Aristotle
University of Thessaloniki and was conducted according
to the principles of the Helsinki Declaration II. Written
informed consent was obtained from all participants.

The diagnosis of Crohn’s disease was based on the
presence of specific endoscopic findings (aphthous ul-
cers, cobblestoning, areas of inflaimmation interspersed
between normal bowel areas) or evidence from imaging
studies in patients with compatible clinical symptoms
(such as abdominal pain and liquid or soft stools). Dis-
ease activity was based on the Crohn’s disease activity
index (CDAI) calculation, which is considered the gold
standard for assessing disease activity (Table 1).

One hundred and ten patients were initially screened
for the study, and 59 patients were finally enrolled (Figure
1). None of the patients was supplemented with calcium
and/or vitamin D at the time of the study. Forty-five
healthy individuals matched for age and body mass index
(BMI) who were recruited from the medical and nursing
staff of the hospital were used as controls.

Of the 59 patients, 20 patients had ileal disease, 7 had
colonic disease, and 32 had ileocolonic disease. Twenty-
nine patients were receiving treatment with the anti-
TNF-a agent, infliximab. The rest of the patients (# =
30) were mostly treated with azathioprine (AZA), while
those with colonic disease (# = 7) were treated with me-
salazine and/or AZA. Remission was defined as CDAI
< 150 and active disease as CDAI > 150. Based on these
criteria, 23 patients had active disease (39%), and 36 pa-
tients were in remission, of whom 26 (70%) were being
treated with infliximab.

Research protocol

After an overnight fast, all participants underwent a 75
g oral glucose tolerance test (OGTT) between 0730 and
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Table 1 Components of Crohn’s disease activity index'

Clinical or laboratory variable Weighting factor
Number of liquid or soft stools each day for seven x2
days

Abdominal pain (graded from 0-3 on severity) each x5
day for seven days

General well being, subjectively assessed from 0 (well) x7
to 4 (terrible) each day for seven days

Presence of complications1 x 20
Taking diphenoxylate and atropine (lomotil) or x 30
opiates for diarrhea

Presence of an abdominal mass (0 as none, 2 as x 10
questionable, 5 as definite)

Hematocrit of < 0.47 in men and < 0.42 in women X6
Percentage deviation from standard weight x1

'The index consists of eight factors, each summed after adjustment with
a weighting factor. Remission of Crohn's disease is defined as Crohn’s
disease activity index below 150.

0930 h. All samples were centrifuged at 4 'C, and the
serum was separated and stored at -70 C until analysis.
Serum levels of the bone formation marker procollagen
type I N propeptide (PI1NP) and the bone resorption
marker CTX-I were assayed. For all participants, base-
line levels of serum thyrotropin, serum total calcium,
phosphate, PTH, 25-OH vitamin D, and creatinine were
measured using standard laboratory methods. Plasma
glucose levels at 0, 60, and 120 min were measured by a
glucose oxidase colorimetric technique on an automated
analyzer (Targa; Menarini, Florence, Italy). Data on BMD
measurements assessed by dual X-ray energy absorpti-
ometry (DXA) were retrieved from the hospital’s medical
records. Osteoporosis or osteopenia was defined accord-
ing to the criteria of the World Health Organization as a
T-score below -2.5 or below -1.5, respectively. For young
adults and premenopausal women, we also used the
T-score-based definition, as has been recently proposed
by the International Osteoporosis Foundation working
group on Osteoporosis pathophysiologym].

Assays

Serum 25-hydroxyvitamin D levels (nmol/L) were mea-
sured using an RIA (RIA; DiaSorin, Sallugia, Italy) ac-
cording to the manufacturer’s instructions. The minimum
detectable concentration was 3.7 nmol/L, and the within-
run and total run assay coefficients of variation were be-
tween 8.6%-12.5% and 1.9%-4%, respectively.

Serum parathyroid hormone (PTH) levels (pmol/L)
were measured by an electrochemiluminescence immuno-
assay (HECLIA, Cobas; Roche, West Sussex, United King-
dom) according to the manufacturer’s instructions. The
minimum detectable concentration was 0.1 pmol/L, and
the within-run and total run assay coefficients of varia-
tion were between 0.6%-2.8% and 1.6%-3.4%, respec-
tively. No cross-reactions were detected with osteocalcin,
PTH fragment 1-37, PTH-related protein, bone-specific
alkaline phosphatase, or beta-CrossLaps.

Serum PINP and CTX-I were measured using the
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110 patients with IBD visited the outpatient clinic of the Department
of Gastroenterology from September 2010 until May 2011

Exclusion of patients diagnosed with
ulcerative colitis (7 = 30)

80 patients with Crohn’s disease

Excluded patients (7 = 20)
9 pt treated with corticosteroids
3 pt with osteoporosis treated with BPs
3 pt with DMT2
2 pt with uncontrolled thyroid disease
3 pt under treatment with PPI for peptic ulcer

60 patients met the eligibility criteria

One patient with IGT was excluded
after OGTT was performed

59 patients were included in the
final analysis

Figure 1 Flow chart of enrolled patients. IBD: Inflammatory bowel disease;
pt: Patients; BPs: Bisphosphonates; DMT2: Diabetes mellitus type 2; PPI: Pro-
ton pump inhibitors; OGTT: Oral glucose tolerance test; IGT: Impaired glucose
tolerance.

Roche Elecsys 2010 platform (Roche Diagnostics) ac-
cording to the manufacturer’s instructions. The coef-
ficients of wvatiation were 5.1% for CTX-I and 1.9% for
PINP.

Statistical analysis

The results are presented as the mean + SE. The post-
prandial response of bone turnover is expressed as the
percent change from baseline at 2 h after oral glucose for
CTX-I and PINP, as previously described™". The differ-
ences between patients and controls wete assessed using
a two-tailed Student’s #test or the non-parametric Mann-
Whitney U test for independent samples, as appropriate.
A paired sample ~test was used to assess the differences
in bone markers during the performance of the OGTT
within each group. Correlations between the percent
change for CTX-I at 2 h after OGTT and activity of the
disease were assessed by the Pearson correlation coef-
ficient (7), and multivariate regression analysis was used
for adjusting for confounding factors such as age, gender,
duration of the disease, baseline levels of CTX-I, 25-OH-
vitamin D and PTH levels. Multinomial regression analy-
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Table 2 Demographic and laboratory values in patients with

Crohn’s disease and healthy subjects 7 (%)

Healthy Crohn’s P value

subjects disease
Total number 45 59 -
Male 29 (64) 38 (64) -
Premenopausal women 8 (17) 10 (17) -
Age (yr) 35.64+2 377+1.8 NS
BMI (kg/cm’) 27109 27+028 NS
Patients with active disease - 23 (39) -
Disease duration (yr) - 7£23 -
TSH (mIU/L) 1.74+0.15 1.6+0.79 NS
PTH (pmol/L) 4402 42+0.12 NS
25-OH vitamin D (nmol/L) 64.8+32 3173 <0.001
Serum calcium (mmol/L) 22+0.1 2.5+0.08 NS
Serum phosphate (mmol/L) 1.1£0.05 1.1+£0.16 NS
Glucose (mmol/L) 51+0.1 45+0.7 NS
Serum creatinine (umol/L) 62+19 71+£22 NS

TSH: Serum thyrotropin; PTH: Parathyroid hormone; NS: Not significant;
BMI: Body mass index.

sis was used to desctibe the relationship between disease
location (ileal, colonic and ileocolonic) and the numerical
parameters of bone metabolism (25-OH vitamin D lev-
els, percent change of CTX-I from baseline after glucose
load, baseline CTX-I and PINP levels). Data on BMD
values were analyzed only descriptively due to the use of
different DXA scans. A P value < 0.05 was considered
statistically significant. Data were analyzed using SPSS
16.0 (SPSS Inc., Chicago, 1L, United States).

RESULTS

The patient population studied consisted of 59 subjects
(38 males and 21 females) with a mean age of 37.7 years
(range 20 to 64 years). Demographic characteristics and
laboratory values are depicted in Table 2.

Patients with Crohn’s disease had significantly lower
values of 25-OH vitamin D compared to the control
group (31.7 £ 3 nmol/L »s 64.8 £ 3.2 nmol/L, P < 0.001,
respectively) (Table 2). However, PTH levels were not
accordingly increased (mean values 4.2 ranging from 2 to
10 pmol/L), and only two patients (3%) developed sec-
ondary hyperparathyroidism (assessed by PTH levels >
6.1 pmol/L). Vitamin D levels were not associated with
the activity of the disease or the intestinal area affected
(ileal, colonic or ileocolonic disease). Seven patients (12%),
of whom 2 were receiving infliximab, had osteopenia at
the time of screening;

Bone turnover markers
There was a wide range of bone turnover within the
patient population, with serum PINP ranging from 7.6
to 141.5 ng/ml (mean 50.8 ng/ml) and CTX-I ranging
from 150 to 820 pg/mlL (mean 453.5 pg/mL). Serum
CTX-I was significantly correlated with serum PINP lev-
els (r=0.271, P = 0.038).

Baseline values of CTX-I but not PINP were sig-
nificantly higher in patients compared to the controls
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Figure 2 Baseline levels of serum C-terminal crosslinking telopeptide of
type I collagen in controls and in patients with Crohn’s disease active or
in remission. CTX: C-terminal crosslinking telopeptide of type I collagen; CD:
Crohn’s disease. °P < 0.05 vs control group.
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Figure 3 The effect of oral glucose load in serum C-terminal crosslink-

ing telopeptide of type I collagen levels in patients with Crohn’s dis-
ease and in the control group. CTX: C-terminal crosslinking telopeptide of

type I collagen; CD: Crohn’s disease. *P < 0.05 vs baseline values.

(CTX-I: 453 + 21 pg/mL s 365 * 25 pg/mlL., P = 0.008,
and PINP: 50.8 + 3.7 ng/ml »s 42.4 + 2.7 ng/mlL, P =
0.074, respectively) and were significantly correlated with
the activity of the disease (CDAI) (» = 0.435, P = 0.001).
When patients with active disease (# = 23) and in remis-
sion (7 = 36) were analyzed separately, CTX-I levels were
significantly higher compared to controls only in patients
with active CD (Figure 2). Vitamin D levels did not show
any correlation with baseline CTX-1 or PINP levels in
either group.

Oral glucose load

Oral glucose load significantly suppressed CTX-I levels in
both patients and controls, while there was no significant
change in PINP levels (Figure 3). Patients with active
disease (CDAI > 150) had more excessive suppression
of CTX-I compared to controls (55% »s 43% P < 0.001),
while patients in remission (CDAI < 150) demonstrated
an attenuated CTX-I suppression (30% »s 43%, P < 0.001)
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Patients with active CD  Patients with CD
on remission

Controls

a,c

%suppression of CTX
@
o
T

Figure 4 %suppression of serum C-terminal crosslinking telopeptide of
type I collagen levels at 2 h after oral glucose load in controls and in
patients with Crohn’s disease active or in remission. °P < 0.05 vs control
group; °P < 0.05 vs patients with active Crohn’s disease (CD). CTX: C-terminal
crosslinking telopeptide of type I collagen.

(Figure 4). In agreement with this observation, the sup-
pression of CTX-I after OGTT was strongly related to
the activity of the disease (» = 0.913, P < 0.001), and this
relationship remained robust after adjusting for age, base-
line values of CTX-I, PTH or 25-OH vitamin D levels.
No significant correlations were observed between
CTX-I suppression after OGTT and PTH or 25-OH vi-

tamin D levels, duration or location of the disease.

DISCUSSION

In this study, we have shown that the physiological

skeletal response of postprandial suppression of bone
resorption is maintained in patients with CD but with a
magnitude that differs depending on the activity of the
disease.

Meal-induced suppression of bone resorption is a
short-acting effect, probably mediated by non-transcrip-
tional mechanisms and independent of gender, age and
menopausal status”’,

Two recent studies have investigated the postprandial
response of bone resorption in patients with type 2 dia-
betes mellitus™] thyroid diseases and beta-thalassemia
rnajorm, that are very often complicated with low bone
mass and increased fracture risk. It has been shown
that the postprandial suppression of bone resorption
in patients with overt diabetes is significantly attenu-
ated, suggesting an additional contributing factor in the
deterioration of bone quality and bone mass observed
in these patients™. On the other hand, in patients with
hyperthyroidism and beta-thalassemia major, despite the
high bone turnover state observed at baseline, the degree
of postprandial suppression of bone resorption remains
unaltered, indicating the significance of this response for
bone homeostasis® .

Inflammatory bowel diseases disturb bone accrual
and maintenance through multiple mechanisms. Malnutri-
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tion and vitamin D deficiency are frequently encountered
in this patient population, resulting in reduced calcium
absorption and impaired bone mineral deposition. In our
study and consistent with published data™ 70% of the
patient population had serum vitamin D levels below 50
nmol/L. However, the incidence of secondatry hypet-
parathyroidism was not accordingly increased, suggesting
that other regulators of calcium homeostasis may also be
involved. Animal models of colitis proposed that vitamin
D may exert an immunomodulatory role in IBD*. In
our patients, however, we found no relationship between
vitamin D levels and activity of Crohn’s disease.
Emerging evidence has proposed that intestinal in-
flammation plays a significant role in the development of
metabolic bone disease in patients with Crohn’s disease.
Increased release of several soluble cytokines, such as
IL-1, 11.-2, I1-6, I1.-8 and TNF-q from the inflamed in-
testine” !
clast precursors and promoting osteoclastogenesis

exert direct effects on bone, activatin%:):)i]teo—

Measurements of serum bone markers in IBD have
demonstrated inconsistent results, showing either in-
creased levels of bone resorption markers without a
compensatory increase of formation markers, reduced
levels of bone formation and no change in bone resorp-
tion markers"”, increased bone formation and resorption
markers or no significant change between IBD patients
and controls™. Discrepancies between studies can be at-
tributed to small sample sizes and factors related to the
heterogeneity of IBD, such as disease activity and dura-
tion, small intestinal involvement and/or resection, ste-
roid use, age and differences in the pathophysiology of
bone disease in CD »s UC™.

In our study, patients with CD had significantly higher
levels of CTX-I compared to age matched controls; these
levels were significantly correlated to the activity of the
disease, likely reflecting the increased osteoclastogenesis
induced by the secretion of inflammatory cytokines. On
the contrary, values of PINP did not differ significantly
compared to controls, but were associated with CTX-I,
showing that the two processes of bone formation and
resorption remain coupled.

Glucose-induced suppression of CTX-I in CD pa-
tients demonstrated two different trends. Patients who,
according to the standard accepted index of activity,
CDAI, were in remission demonstrated an attenuated
decrease in CTX-I in compatison to the healthy controls,
while patients with more active disease showed a much
more excessive decrease in CTX-I. Current data cannot
explain the underlying pathophysiology or the clinical rel-
evance of this observation, and we can only speculate on
the potential mechanisms involved.

It appears that more secretion of inflammatory cyto-
kines in patients with active CD would lead to increased
osteoclastogenesis and bone remodeling units compared
to controls, as reflected by higher baseline CTX-I levels.
In such cases, glucose load would inhibit the activity of a
greater number of osteoclasts, which would be in agree-
ment with the greater decrease in bone resorption.
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However, as we have previously shown in patients
with increased bone turnover due to other causes such
as hyperthyroidism, suppression of bone resorption
after oral glucose was of similar magnitude compared
to healthy controls””, suggesting that in CD, apart from
increased bone turnover, intrinsic factors related to the
disease itself may contribute to this observation.

Patients in remission demonstrated a significantly
attenuated suppression of bone resorption after oral glu-
cose load. This attenuation is probably due to the effect
of anti-TNF-q treatment on osteoclasts, which inhibits
osteoclastogenesis and consequently the number of os-
teoclasts.

Limitations of this study include the lack of data on
the measurements of factors that could be involved in
the mechanisms of this phenomenon, such as inflamma-
tory cytokines or gastrointestinal peptides that are con-
sidered the key mediators of this skeletal response under
physiological conditions.

Nevertheless, this is the first attempt to address the
postprandial suppression of bone resorption in CD
patients. Further research is needed to clarify the mecha-
nisms that regulate this response in Crohn’s disease that
severely disturbs both the functional integtity of the in-
testine and bone remodeling.
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