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Abstract
Summary Bonemarrow adipose tissue has not been studied in
patients with inactive inflammatory bowel disease. We found
that these patients have preserved marrow adiposity even with
low bone mass. Factors involved in bone loss in active disease
may have long-lasting effects but do not seem to affect bone
marrow adiposity.
Introduction Reduced bonemass is known to occur at varying
prevalence in patients with inflammatory bowel diseases
(IBD) because of inflammation, malnutrition, and steroid ther-
apy. Osteoporosis may develop in these patients as the result
of an imbalanced relationship between osteoblasts and adipo-
cytes in bone marrow. This study aimed to evaluate for the
first time bone mass and bone marrow adipose tissue (BMAT)
in a particular subgroup of IBD patients characterized by long-
term, steroid-free remission.
Methods Patients with Crohn’s disease (CD; N = 21) and ul-
cerative colitis (UC; N = 15) and controls (C; N = 65)
underwent dual X-ray energy absorptiometry and nuclear

magnetic resonance spectroscopy of the L3 lumbar vertebra
for BMAT assessment.
Results Both the CD and UC subgroups showed significantly
higher proportions of patients than controls with Z-score
≤−2.0 at L1–L4 (C 1.54%; CD 19.05%; UC 20%; p = 0.02),
but not at other sites. The proportions of CD patients with a T-
score −1.0 at the femoral neck (C 18.46%; CD 47.62%;
p = 0.02) and total hip (C 16.92%; CD 42.86%; p = 0.03) were
significantly higher than among controls. There were no sta-
tistically significant differences between IBD patients and
controls regarding BMAT at L3 (C 28.62 ± 8.15%; CD
29.81 ± 6.90%; UC 27.35 ± 9.80%; p = 0.67).
Conclusions IBD patients in long-term, steroid-free remission
may have a low bone mass in spite of preserved BMAT. These
findings confirm the heterogeneity of bone disorders in IBD
and may indicate that factors involved in bone loss in active
disease may have long-lasting effects on these patients.

Keywords Bonemarrowadipose tissue .Bonemass .Crohn’s
disease . Inflammatory bowel diseases . Ulcerative colitis

Introduction

Bone disorders may be an important complication of inflam-
matory bowel diseases (IBD), a group of chronic intestinal
conditions mainly consisting of Crohn’s disease (CD) and
ulcerative colitis (UC). The complexity of bone disorders in
IBD derives from their multifactorial pathogenesis, which in-
cludes nutritional deficiency and weight loss, as well as flares
of inflammatory activity and use of steroids [1].

Low bone mass may already be present in newly diag-
nosed, untreated CD patients, suggesting that inflammatory
mediators may negatively affect the skeleton [2]. Activated
T cells produce receptor activator of nuclear factor kappa-B
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ligand (RANKL), which binds to its receptor (RANK) and
causes osteoclastogenesis [3]. On the other hand, osteoproteg-
erin produced bymonocytes, macrophages, and dendritic cells
competes with RANK, blocking bone resorption activity.
Imbalances in these mechanisms are thought to hamper the
balance of bone remodeling in IBD [3]. Other inflammatory
mediators such as tumor necrosis factor (TNF), interleukin
(IL) 1-beta, IL-6, and gamma interferon may also contribute
to bone loss in IBD [3].

The therapeutic use of glucocorticoids, although reducing
inflammation, does increase the negative balance of bone re-
modeling in IBD, and there is extensive evidence that steroids
decrease bone mineral density (BMD) in both CD and UC
[4–6] through a number of different mechanisms. However,
these detrimental effects seem to be reversible following ste-
roid withdrawal [1].

The reported prevalence of bone disorders in IBD is highly
variable, not only because different patient samples may carry
distinct pathogenic factors, but also in association with the use
of different measures of BMD, such as T-score or Z-score [7].
In two studies evaluating large numbers of predominantly
young CD and UC patients, the prevalence of cases with Z-
score ≤−2.0 ranged from 2 to 15%, but the relative bone mass
loss at the lumbar spine was small (4.1–7.3%) [4, 6]. Higher
prevalence figures (22 to 30%) were observed in other smaller
studies also using as cutoff Z-score ≤−2.0 [8, 9]. Taking these
and other studies into account, a recent literature review has
suggested that CD is responsible for a small effect on BMD
after adjusting for other risk factors, whereas UC does not
appear to be an independent risk [10].

Bone metabolismmay also be assessed using markers such
as osteocalcin and cross-linking carboxyl-terminal telopeptide
of type I collagen (CTX), which seems to reflect bone remod-
eling activity [11, 12]. A Spanish study reported an associa-
tion between increased markers of bone resorption and clini-
cally active disease in CD patients but failed to show any
correlation with BMD [13]. Nevertheless, the relationship be-
tween biochemical markers of bone remodeling and BMD in
IBD still is to be better investigated.

In recent years, there has been growing interest in the
role of cellular components of the bone microenviron-
ment, such as bone marrow adipose tissue (BMAT), in
bone remodeling [14]. Adipocytes and osteoblasts share
a common origin from the same bone marrow stem cell
[15], and the expansion of one cell type may be associated
with reduction of the other. Thus, the increase of BMAT
in adults may limit bone formation [16]. An inverse rela-
tionship between bone mass and BMAT has been reported
in bone disorders associated with aging or eating disor-
ders [17–19]. Nevertheless, BMAT has not been assessed
so far in patients with IBD and data on the relationship
between bone mass and BMAT in chronic diseases are
scarce, particularly in patients in remission.

The objective of the present study was to assess BMD,
BMAT, and bone metabolism markers in IBD patients in
long-term, steroid-free remission. We sought to address a
number of clinically relevant questions in this particular group
of IBD patients such as what is their bone health status? Is
BMAT increased and is there any correlation between BMAT
and BMD? What is the role of biochemical markers of bone
metabolism?

Methods

This was a cross-sectional study including 21 patients with
CD, 15 patients with UC, and 65 control subjects. Patients
were regularly followed at the University Hospital outpatient
clinics. The control group included apparently healthy hospi-
tal workers (N = 45) and patients with minor digestive dis-
eases (N = 20) without any relevant inflammatory component.
This subgroup included patients with gastroesophageal reflux
disease, functional dyspepsia, functional abdominal pain, pep-
tic ulcer disease, idiopathic achalasia, noncardiac chest pain,
esophageal papillomatosis, and esophageal retention cyst.
Fourteen patients in this subgroup were taking omeprazole.
The demographic and anthropometric characteristics of the
three groups are shown in Table 1. There were no statistically
significant differences between groups regarding gender, age,
weight, height, or body mass index (BMI), except for male’s
BMI that was significantly higher in CD than among controls
(C 27.3 ± 4.5 kg/m2; CD 23.7 ± 4.3 kg/m2; UC 24.3 ± 3.1 kg/
m2; p = 0.02). Among the 54 men from the three groups, 12
(22.22%) were older than 50 years. Age ranges in the control
group (20–57 years) and in the CD (21–59 years) andUC (23–
60 years) subgroups were similar. All women in the study
were premenopausal.

Inclusion criteria

The CD and UC groups comprised patients older than
18 years, with well-documented IBD in clinical remission,
currently not using steroids, and without current or previous
evidence of metabolic bone disease. All patients and control
subjects were in good nutritional conditions and specifically
denied having experienced any acute disorder within the last
30 days.

Exclusion criteria

Individuals reporting current smoking or alcohol drinking
habits were excluded, as were those with previous gastroin-
testinal tract cancer or current clinical and laboratory evidence
of autoimmune, liver, kidney, thyroid, and bone metabolic
diseases. Patients using medications that alter calcium metab-
olism (steroids, calcium carbonate, vitamin D, drugs for the
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treatment of osteoporosis, serotonin reuptake inhibitors, anti-
convulsants, thiazide diuretics, and hormone replacement
therapy) were also excluded.

Clinical characterization of patients with IBD

Patients with CD were classified according to the
Montreal classification [20] regarding age at disease on-
set, location, and behavior. Disease clinical activity was
assessed using the criteria of the Crohn’s Disease Activity
Index (CDAI) [21]. Patients with CDAI <150 points were
considered to be in clinical remission. Patients with UC
were also classified according to the Montreal classifica-
tion [20] regarding disease extent and clinical activity.
Patients completely free of symptoms since the last visit
were considered to be in clinical remission. Data for these
classifications were obtained personally by one of the in-
ves t iga to r s (CMB) dur ing an ac tua l v i s i t and
complemented with a further review of each patient’s
medical records prior to inclusion in the study. More spe-
cifically, patient notes were reviewed to obtain data on
current remission time, time since diagnosis, previous op-
erations, current and recent use of drugs, and previous use
of steroids.

In the CD group, age at the disease diagnosis was be-
tween 17 and 40 years in 18 (85.7%) patients, disease was
located in terminal ileum exclusively or ileocolon in 17
(81.0%) patients, and 14 (66.7%) patients had either struc-
turing or penetrating disease behavior. In the UC group,
13 (86.7%) patients had either a left-sided or extensive
large bowel involvement.

All patients with CD and UC were in clinical remission
(CD 42.8 ± 52.1 months; UC 14.9 ± 16.7 months; p = 0.15).
Although 19/21 CD patients (90.5%) and UC 12/15 patients
(80.0%) had used steroids, they had all been free from them

for 72.9 ± 112.9 months (CD) and 29.3 ± 25.6 months (UC)
(p = 0.42). Eight CD and three UC patients had not used
steroids for more than 36 months, one CD and three UC pa-
tients were free from steroids for at least 24 months, and five
CD and four UC patients had not used any glucocorticoid for
at least 12 months. Only five CD and one UC patients had a
course of steroids during the 12 months preceding their inclu-
sion in the study.

The mean time from the init ial diagnosis was
118.6 ± 59.4 months for pa t ien ts wi th CD and
88.0 ± 55.3months for patients with UC. Among patients with
CD, 6/21 (28.6%) had a previous partial bowel resection.
Eleven CD (52.4%) and three UC (20%) patients were on
anti-TNF agents (p = 0.08), while the remaining cases were
on azathioprine or mesalazine.

Dual X-ray energy absorptiometry

Participants of the three groups underwent BMD determina-
tion by dual X-ray energy absorptiometry (DEXA)
(Discovery Wi, QDR series, Hologic, Waltham, MA, USA)
in the lumbar spine (L1–L4), femoral neck, total hip, one-third
radius, and total body. The precision error was 1.2, 2.3, 2.7,
and 1.7% for L1–L4, femoral neck, total hip, and one-third
radius, respectively. BMD values are reported as gram per
square centimeter. The equipment was calibrated daily with
a phantom provided by the manufacturer. BMD was
expressed as absolute values of both Z-score and T-score.
Bone mass was considered to be adequate in relation to age
for values of Z-score >−2.0 [22]. We also utilized T-scores to
classify results as normal (T-score ≥−1.0) or indicating the
presence of osteopenia (−1.0 > T-score > −2.5) or osteoporosis
(T-score ≤−2.5) [7]. Body composition regarding total fat
(percentage) and lean mass (kg/m2) was also estimated.

Table 1 Demographic and
anthropometric characteristics of
Crohn’s disease (CD), ulcerative
colitis (UC) patients, and control
subjects included in the study

Characteristics Controls (N = 65) CD (N = 21) UC (N = 15) p valuea

Gender (N)—male

Age (years)

Weight (kg)

Height (m)

Body mass index (kg/m2)

33 (50.8)

36.8 (11.8)

82.5 (16.4)

1.74 (0.07)

27.3 (4.5)

13 (61.9)

40.4 (10.7)

72.0 (15.5)

1.74 (0.07)

23.7 (4.3)

9 (60.0)

40.9 (14.2)

74.0 (9.3)

1.75 (0.06)

24.3 (3.1)

0.60

0.51

0.08

0.96

0.02

Gender (N)—female

Age (years)

Weight (kg)

Height (m)

Body mass index (kg/m2)

32 (49.2)

37.0 (7.8)

64.1 (11.4)

1.61 (0.06)

24.7 (3.9)

8 (38.1)

34.5 (10.2)

64.7 (20.8)

1.61 (0.04)

24.8 (7.5)

6 (40.0)

36.5 (9.7)

63.9 (16.2)

1.58 (0.08)

25.3 (4.2)

0.60

0.76

0.99

0.28

0.96

Gender is presented as absolute numbers (N) and, in parentheses, as percentage (percentage). The remaining data
are presented as mean and, in parentheses, standard deviation
a Chi-squared test for gender variance, Dunn’s multiple comparison test for male’s body mass index, Kruskal-
Wallis test for female’s height, and analysis of variance for the other variables
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Magnetic resonance imaging acquisition and analysis

Patients with CD and UC and controls underwent spine mag-
netic resonance imaging (MRI) on a 1.5-T system (Philips
ACHIEVA, Philips Medical Systems; Best, Netherlands).
For lumbar spine spectroscopy acquisition, we used a sagittal
T2-weighted fast spin echo (FSE) sequence as a reference for
the placement of a 1.5 × 1.5 × 1.5 cm3 voxel in the center of
the third lumbar (L3) vertebral body. Proton magnetic reso-
nance spectroscopy (1H-MRS) was performed by the Point-
Resolved Spectroscopy (PRESS) technique, and the spectros-
copy parameters were echo time (TE) = 40/60/80 ms, repeti-
tion time (TR) = 2000 ms, 8 average, without fat suppression,
and 1-min duration. The coefficient of variation of the BMAT
measurements was 4.5%. For the calculation of the coefficient
of variation, BMAT measurements were performed in 12 in-
dividuals, with three replicates each. Data were processed
with the LC Model software, and the values obtained were
used to calculate the water and fat fractions [23]. We also
calculated the fat fraction/BMD ratio at L3.

Biochemistry

Blood samples were obtained from all subjects for the deter-
mination of circulating levels of osteocalcin (MicroVue ™
Osteocalcin, Quidel, San Diego, USA), CTX (Serum
CrossLaps®, IDS, Tyne and Wear, UK), osteoprotegerin
(OPG MicroVue ™, Quidel, San Diego, USA), and RANKL
(Ampli-sRANKL human, Biomedica, Wien, Austria). The
intra- and inter-assay errors were less than 10 and 20%, re-
spectively, for all measurements. Circulating levels of 25-
hidroxi vitamin D [25(OH)D] (Liaison® 25 OH Vitamin D
Total, Diasorin, Vercelli, Italy), parathyroid hormone (PTH),
total calcium, and C-reactive protein (CRP) were also mea-
sured. Laboratory reference values were 11–48 ng/ml for
osteocalcin, <0.85 ng/ml (men) and <0.65 ng/ml (women)
for CTX, 10–69 pg/ml for PTH, 8.4–10.5 mg/dl for total cal-
cium, ≤0.5 mg/dl for CRP, and ≥20 ng/ml (normal) and
<20 ng/ml (deficient) for 25(OH)D.

Statistical analysis

Continuous quantitative variables are reported as
mean ± standard deviation (SD). Normality of data distribu-
tion was preliminarily tested using the Kolmogorov-Smirnov
test. For normally distributed data, analysis of variance
(ANOVA) was used, followed by Bonferroni’s post hoc test
for comparison between groups when p ≤ 0.05.When normal-
ity was rejected, data were analyzed using the Kruskal-Wallis
test with Dunn’s post hoc test for comparison between groups
when p ≤ 0.05. Correlations between two normally distributed
continuous variables were analyzed calculating the Pearson
linear correlation coefficient (R). The nominal quantitative

and ordinal qualitative variables are reported as absolute
values and percentages. Comparisons between groups regard-
ing proportions were performed using the chi-squared test or
Fisher’s exact probability test. All data were analyzed using
the GraphPad Prism version 5.0 software for Windows
(GraphPad Software, San Diego, CA). Differences were con-
sidered to be statistically significant when p ≤ 0.05.

Results

Bone mineral density

The values of BMD at L1–L4, femoral neck, total hip, one-
third radius, and total body are shown in Table 2. There were
no statistically significant differences between groups for any
bone site. There was no correlation between time since diag-
nosis or current remission time and BMD.

There were no statistically significant differences between
groups regarding Z-score at L1–L4 (C −0.2 ± 1.3; CD
−0.8 ± 1.3; UC −0.6 ± 1.2; p = 0.13), femoral neck (C
0.3 ± 1.0; CD −0.3 ± 1.4; UC −0.0 ± 1.1; p = 0.13), total hip
(C 0.1 ± 0.8; CD −0.4 ± 1.4; UC −0.1 ± 0.7; p = 0.08), or one-
third radius (C −0.4 ± 1.0; CD −0.6 ± 1.4; UC −0.5 ± 1.1;
p = 0.75) (Table 2 and Fig. 1). According to the classification
based on Z-score, the proportions of CD (19.05%) and UC
(20.0%) patients with inadequate bone mass at L1–L4 were
significantly higher (p = 0.02) than among controls (1.54%).
There were no statistically significant differences in the pro-
portions of inadequate bone mass between groups at other
sites.

There was a statistically significant difference between CD
and controls regarding T-score in the femoral neck (C
−0.1 ± 1.0; CD −0.7 ± 1.4; UC −0.4 ± 1.1; p = 0.05)
(Table 2 and Fig. 2). There were no statistically significant
differences between groups regarding T-score for L1–L4 (C
−0.4 ± 1.2; CD −1.0 ± 1.2; UC −0.8 ± 1.3; p = 0.22), total hip
(C −0.1 ± 0.8; CD −0.6 ± 1.3; UC −0.3 ± 0.8; p = 0.06), and
one-third radius (C −0.7 ± 0.9; CD −0.9 ± 1.4; UC −0.8 ± 1.1;
p = 0.67) (Table 2 and Fig. 2). According to the classification
based on T-score, there were statistically significant differ-
ences in the proportions of individuals with osteopenia and
osteoporosis between CD and control groups at femoral neck
(CD 47.62%; C 18.46%; p = 0.02) and at total hip (CD
42.86%; C 16.92%; p = 0.03). There were ten patients with
osteoporosis (seven CD, three UC), but this subgroup was
similar to the remaining patients regarding demographic and
clinical characteristics, except for the duration of remission
time, which tended to be shorter (median 9 months; range
2–108 months). In particular, 4 of the 10 patients had never
used steroids, while in the 6 remaining patients, the duration of
the steroid-free period ranged from 9 to 492 months (median
25 months). There were no statistically significant differences
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between groups at L1–L4 (C 40.0%; CD 52.38%; UC
46.67%; p = 0.59) or one-third radius (C 30.77%; CD
38.09%; UC 40.0%; p = 0.70).

There were no statistically significant differences between
groups regarding total fat (C 31.9 ± 8.0%; CD 29.4 ± 9.1%;
UC 30.8 ± 10.8%; p = 0.51) or lean mass (C 17.3 ± 2.9 kg/m2;
CD 16.4 ± 3.1 kg/m2; UC 16.5 ± 2.5 kg/m2; p = 0.37). There

were positive, statistically significant correlations between to-
tal body BMD and lean mass in the three groups (C: R = 0.28;
CI 95% 0.04–0.49; p = 0.02; CD: R = 0.74; CI 95% 0.45–
0.89; p = 0.0001; UC: R = 0.62; CI 95% 0.16–0.86; p = 0.01).
There was a negative, statistically significant correlation be-
tween total body BMD and total fat in UC patients only
(R = −0.61; CI 95% − 0.86 to −0.15; p = 0.01).

Table 2 Bone mineral density
(g/cm2), Z-score and T-score at
L1–L4 and in various bone sites
and total body in Crohn’s disease
(CD) and ulcerative colitis (UC)
patients and in controls

Bone sites Controls (N = 65) CD (N = 21) UC (N = 15) p valuea

L1–L4

Z-score

T-score

1.029 (0.139)

−0.2 (1.3)

−0.4 (1.2)

0.971 (0.135)

−0.8 (1.3)

−1.0 (1.2)

0.991 (0.146)

−0.6 (1.2)

−0.8 (1.3)

0.35

0.13

0.22

Femoral neck

Z-score

T-score

0.889 (0.139)

0.3 (1.0)

−0.1 (1.0)

0.813 (0.177)

−0.3 (1.4)

−0.7 (1.4)

0.856 (0.152)

−0.0 (1.1)

−0.4 (1.1)

0.12

0.13

0.05

Total hip

Z-score

T-score

0.979 (0.133)

0.1 (0.8)

−0.1 (0.8)

0.905 (0.197)

−0.4 (1.4)

−0.6 (1.3)

0.944 (0.129)

−0.1 (0.7)

−0.3 (0.8)

0.13

0.08

0.06

One-third radius

Z-score

T-score

0.720 (0.059)

−0.4 (1.0)

−0.7 (0.9)

0.723 (0.069)

−0.6 (1.4)

−0.9 (1.4)

0.722 (0.074)

−0.5 (1.1)

−0.8 (1.1)

0.98

0.75

0.67

Total body 1.180 (0.113) 1.124 (0.144) 1.127 (0.110) 0.09

Data are presented as means and (standard deviation)
a Analysis of variance for all bone sites, except bone mineral density and T-score at L1–L4 and Z-score at femoral
neck (Kruskal-Wallis test)

Fig. 2 Box plot representation of the distribution of T-score values at a
L1–L4, b femoral neck, c total hip, and d one-third radius in control
subjects (C) and in Crohn’s disease (CD) and ulcerative colitis (UC)
patients. The horizontal line represents the cutoff for adequate bone
mass (>−1.0)

Fig. 1 Box plot representation of the distribution of Z-score values at a
L1–L4, b femoral neck, c total hip, and d one-third radius in control
subjects (C) and in Crohn’s disease (CD) and ulcerative colitis (UC)
patients. The horizontal line represents the cutoff for adequate bone
mass (>−2.0)
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Bone marrow adipose tissue

There were no statistically significant differences between
groups regarding BMAT variables at the L3 vertebral body.
Values for fat fraction (Fig. 3) (C 28.6 ± 8.1%; CD
29.8 ± 6.9%; UC 27.3 ± 9.8%; p = 0.67) and for the ratio
between fat fraction and BMD (C 27.4 ± 9.2; CD
30.5 ± 8.2; UC 27.5 ± 11.8; p = 0.43) were similar in the three
groups. There was no correlation between fat fraction and
BMD at L3 in any group. There was no correlation between
BMAT and total fat in any group. There was a positive, statis-
tically significant correlation between BMATand lean mass in
UC patients only (r = 0.53; CI 95%; 0.03–0.82; p = 0.04).

Biochemistry

Table 3 shows the distribution of CTX, osteocalcin, osteopro-
tegerin, RANKL, 25(OH)D, and CRP in the three groups.
CTX levels were significantly higher (p = 0.01) in CD patients
(0.85 ± 0.35 ng/ml) than in the UC (0.66 ± 0.21 ng/ml) and
control (0.62 ± 0.27 ng/ml) groups. PTH levels were signifi-
cantly higher (p = 0.001) in CD patients (58.19 ± 18.47 pg/ml)
than in controls (40.49 ± 18.94 pg/ml). There were no statis-
tically significant differences between groups regarding
osteocalcin, osteoprotegerin, RANKL, 25(OH)D, total calci-
um, or CRP.

There was a statistically significant correlation between fat
fraction at L3 and osteoprotegerin in CD patients (r = −0.44;
CI 95% 0.0–0.74; p = 0.0476), but not in UC patients or in
controls. There were no correlations between fat fraction at L3
and osteocalcin, or CTX or RANKL in any group. There were
no correlations between total body BMD and 25(OH)D or
CRP in any group. There were no correlations between
BMAT and 25(OH)D in any group. There was a negative,
statistically significant correlation between BMAT and CRP
in CD patients only (r = −0.65; CI 95% −0.85 to −0.27;
p = 0.003).

Discussion

Bone, the hard mesenchymal tissue in charge of supporting
the body and protecting more delicate organs and tissues, has
also a remarkable role in mineral metabolism. In the last de-
cade, evidence has emerged indicating that bone cells are also
part of the intricate physiological network for the modulation
of energy metabolism [24]. In addition, great effort has been
devoted to the determination of the mutual influence between
osteoblasts and adipocytes, which might have a key role in
bone development and maintenance [14]. In several disorders
and conditions associated with osteoporosis, namely anorexia
nervosa and glucocorticoid therapy, bone loss and increased
marrow adipose tissue are coexisting processes [17, 25]. The
present study was designed to investigate for the first time
BMD and BMAT in a special group of IBD patients, i.e., those
in long-term, glucocorticoid-free remission. Although these
patients had similar mean values of BMD and BMAT com-
pared to control, they had a higher prevalence of low lumbar
spine BMD for their age (IBD = 19% vs C = 1.5%) and there
was no correlation between BMD and BMAT. Our results
confirm the heterogeneity of bone disorders in IBD and show
that these patients have preserved marrow adiposity even with
low bone mass.

Determination of BMD with DEXA allowed the identifi-
cation of a subgroup of IBD patients with inadequate bone
mass. Osteoporosis, in particular, was detected in 7/21 CD
and in 3/15 UC patients who, however, were similar to the
remaining patients regarding demographic and clinical char-
acteristics. Moreover, four of these 10 patients had never uti-
lized steroids to control disease activity. Considering that all
the patients included in this study were in remission and not
using glucocorticoids, other factors may have contributed for
bone mass loss. Since this is a cross-sectional study, it is not
possible to rule out previous flares of inflammatory disease
activity and the use of glucocorticoids as causes of bone loss
in these patients.

Several studies have detected an increased prevalence of
osteoporosis and osteopenia in IBD patients [1], which war-
rant their inclusion within the list of causes of secondary os-
teoporosis [4, 26, 27]. Malabsorption of nutrients (including
protein, calcium, and vitamin D), weight loss, inflammatory
status, secondary hyperparathyroidism, and decreased physi-
cal activity are common detrimental factors directly involved
in bone loss in IBD [1].Moreover, glucocorticoid therapy, still
used to control active IBD, controls inflammation and allevi-
ates intestinal manifestations but, on the other hand, may
deeply impair bone mass and bone quality itself.
Consequently, IBD patients may be exposed to long-lasting
threatening conditions for the bone. This may be the case of
the patients in the present study with low bone mass, which
might be seen as a scar detected even after many years of
remission and glucocorticoid withdrawal. Indeed, these data

Fig. 3 Box plot representation of the distribution of bone fat fraction at
L3 in control subjects (C) and in Crohn’s disease (CD) and ulcerative
colitis (UC) patients
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mirrored previous studies in patients harboring active disease,
which showed a modest effect of IBD on BMD with a pooled
Z-score of −0.5, but a higher prevalence of low bone mass
[28].

In the present study, results are reported as BMD, Z-score,
and T-score, since both patients and controls were predomi-
nantly younger than 50 years and, due to the inclusion criteria,
all women were in the premenopause period, but few IBD and
control males were older than 50 years. IBD patients showed
higher rate of osteoporosis and osteopenia. Two aspects need
to be highlighted concerning these results: firstly, although the
risk of fractures drops after glucocorticoid interruption [29], it
may persist at higher levels than basal in prior glucocorticoid
therapy independently of bone mass [30]; second, low bone
mass in addition to the previous use of glucocorticoid am-
plifies the fracture risk. Another point that cannot be neglected
is the higher circulatory levels of CTX observed in IBD pa-
tients, which may indicate a persistent tendency to increased
bone resorption resulting in bone loss. However, the cross-
sectional design of the present study represents a limitation
and does not permit a definitive conclusion about the rate of
bone loss in these patients.

Since the comprehension that BMAT expansion can be
intimately linked to the occurrence of osteoporosis, great in-
terest emerged in full characterization of this tissue in different
physiological conditions, as well as in disease-associated os-
teoporosis. The magnetic resonance spectroscopy (MRS) is
the main tool currently used for BMAT quantification due to
its important advantages of noninvasiveness and no exposi-
tion to radiation. Moreover, several studies have documented
that MRS is a highly precise and accurate method for mea-
surement of BMAT, allowing the collection of reproducible
data and yielding results closely related to those obtained by
bone biopsy [31], which is regarded as the gold standard
method, and comparable to those obtained with dual-energy
computed tomography [32]. In a recent study performed in our

laboratory in healthy individuals, we were able to detect not
only the age-related effect on BMAT (age <50 years
32.4 ± 7.9% vs age >50 years 49.5 ± 8.9%; p < 0.05) but also
sex-related difference in lipid quality, as women were shown
to have higher amount of unsaturated lipids than men (wom-
en = 3.18 ± 1.05% vs men = 1.67 ± 0.65%; p < 0.05) [33].

The expansion of BMAT seems to be an inherited, age-
related process, starting early after birth and progressing con-
tinuously in heterogeneous but predictable steps. It is well
documented that the distal portions of the small peripheral
bones are occupied by BMAT earlier than axial bones [34].
Additionally, previous studies showed that there is a progres-
sive increase in BMAT in the inferior vertebral bodies in com-
parison to their superior counterparts [35]. Thus, in the present
study, the localization of vertebral body L3 was strictly stan-
dardized based on the crest iliac as the indication for L5.

Our results showed smaller values of BMAT in controls, in
comparison to those from a previous study [17] (28.6 ± 8.1 vs
52 ± 18%). This may have been due to site-related differences
for measuring BMAT (L3 vs L4), as well as to the utilization
of different formulas to calculate BMAT. It is also important to
point out that there is no consensus in literature concerning the
estimation of BMAT. While in the present study, the formula
lipid-to-water plus lipid ratio was used, Bredella and col-
leagues utilized the equation lipid-to-water ratio [17].
Nevertheless, most of the published studies used the same
formula that was utilized in the present study [16, 36].

The subgroup of patients with decreased bone mass was
further compared with the subgroup showing normal BMD.
There was no significant difference concerning relevant clin-
ical characteristic (e.g., age of disease onset, duration of the
disease, time and dose of glucocorticoid use, and disease
severity).

Experimental [37] (caloric restriction of mice) and clinical
[17] (women with anorexia nervosa) studies have shown that,
in conditions of active feeding restriction, bone loss and

Table 3 Distribution of cross-
linking carboxy-terminal
telopeptide of type I collagen
(CTX), osteocalcin,
osteoprotegerin, receptor
activator of nuclear factor kappa-
B ligand (RANKL), 25-hidroxi
vitamin D [25(OH)D],
parathyroid hormone (PTH), total
calcium, and C-reactive protein
(CRP) in Crohn’s disease and
ulcerative colitis patients and in
controls

Variables Controls(N = 45) Crohn’s disease
(N = 21)

Ulcerative colitis
(N = 15)

p valuea

CTX (ng/ml) 0.62 (0.27) 0.85 (0.35) 0.66 (0.21) 0.01

Osteocalcin (ng/ml) 8.64 (3.56) 10.34 (4.83) 9.39 (3.56) 0.21

Osteoprotegerin (pmol/ml) 3.82 (0.98) 4.13 (1.26) 3.73 (0.69) 0.59

RANKL (pmol/ml) 0.31 (0.41) 0.28 (0.25) 0.52 (0.63) 0.37

25(OH)D (ng/ml) 24.81 (7.93) 23.36 (8.42) 26.19 (6.02) 0.40

PTH (pg/ml) 40.49 (18.94) 58.19 (18.47) 55.00 (33.62) 0.001

Total calcium (mg/l) 9.43 (0.56) 9.15 (0.58) 9.14 (0.67) 0.07

CRP (mg/dl) 0.31 (0.32) 0.79 (1.10) 0.34 (0.32) 0.30

Data are reported as means and (standard deviation)
a Analysis of variance for osteocalcin, 25(OH)D, and total calcium; Dunn’s multiple comparison test for CTX and
PTH; and Kruskal-Wallis test for osteoprotegerin, RANKL, and CRP
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enhancement of marrow adipose tissue are concurrent pro-
cesses. Moreover, the comparison of anorexic women with
active and inactive disease showed that the group who gained
weight had BMD and BMATsimilar to the control group [38].
Our data for patients with IBD in remission are in line with the
results of this study [38]. Unfortunately, neither the Z-score
values nor correlations between the BMD and BMAT in their
patients were presented. The relationships between peripheral
white adipose tissue and BMATare not yet completely under-
stood. Recent studies in patients with obesity and diabetes
mellitus, in whom peripheral white adipose tissue was mark-
edly expanded, failed to show any change in BMAT [23, 39].
Since our IBD patients did not have increased energy expen-
diture and had values similar to controls for body total fat and
lean mass, BMATwas not expected to be increased due to this
particular mechanism.

The present study did not find statistically significant dif-
ferences between IBD and control individuals regarding cir-
culatory levels of RANKL or OPG. Although these results are
apparently in conflict with the increased serum levels of CTX,
indeed, they most likely reflect the incapacity of the peripheral
measurements of RANKL and OPG to reproduce the status of
cell activity within the bone microenvironment [40, 41].

Currently, there is a great interest in the investigation of the
endocrine role of BMAT. Recent evidence [42] has been col-
lected showing that BMAT putatively contributes to the circu-
latory levels of adiponectin, an insulin sensitizer molecule, in
condition of caloric restriction. However, as long as we know,
the present study is the first to report an inverse relationship
between BMAT and CRP.

It is reported that patients with CD may have lactose
malabsorption [43], with consequent decreased intake of
milk products. This might explain the significantly higher
PTH values in the group of patients with CD in the pres-
ent study. Nevertheless, we have not collected data on
milk consumption and tolerance, since this was not the
aim of the present study.

This study has a main limitation, which is the relatively
small number of patients included, who came from a single
institution. This small number has precluded the separate
analysis of data from male and female patients, which
could provide addi t iona l va luable informat ion .
Nevertheless, the characteristics of our patients are compa-
rable to those of patients included in similar studies and,
due to the strict inclusion and exclusion criteria, the sample
was rather homogeneous, including only patients in remis-
sion and without glucocorticoid use. Also, other factors
associated with risk of bone loss, such as malnutrition,
smoking, medications that alter calcium metabolism, and
menopause in women, were ruled out. Additionally, a rel-
atively large control group was included and a comprehen-
sive assessment of bone status was performed, including
the measurement of biochemical factors involved in bone

remodeling and BMAT, which have never been performed
in patients with IBD. Both the CD and UC patients includ-
ed in this study had demographic and clinical characteris-
tics concerning age at IBD diagnosis, disease location and
extension, and clinical behavior similar to those described
by others [5, 44], indicating that the main findings could be
generalized. Another possible limitation is that 14 out of
the 65 participants in the control group (patients with mi-
nor digestive disease) were in use of a proton pump inhib-
itor (PPI). Since there are data in the literature pointing to
an association between chronic use of PPI and loss of bone
mass [45], the differences between controls and the IBD
groups may have been attenuated.

Additionally, we were not able to determine the influence
of medications to treat IBD in the results concerning bone
mass loss. Although all participants of the CD and UC groups
were free from steroids, the time since they last used them
varied hugely among individual patients. However, 4 out of
the 7 IBD patients with definite bone mass impairment had
never taken steroids, which do not support a prominent previ-
ous effect of glucocorticoids. Also, 14 IBD patients were in
use of anti-TNF agents, which are thought to have a protective
effect on bone mass, considering the block of cytokine of
osteoclastic action [1]. Nevertheless, five out of these 14 pa-
tients had inadequate bone mass, which may point to a greater
contribution of previous inflammation, since TNF agents are
used preferentially in more severe cases.

Regarding possible practical implications of our findings, it
is uncertain whether bone protection measures should be used
for IBD patients in long-term, corticosteroid-free remission.
The present study shows that the mean values of BMD in
individuals with IBD are similar to the control group; howev-
er, it should be highlighted that a considerable number of
patients (approximately 20%) exhibit inadequate bone mass.
These preliminary results encourage further investigation that
may allow uncovering risk factors that hamper bone mass
development and maintenance in IBD.

In summary, the present study confirms that IBD patients
pertain to a very heterogeneous group regarding BMD and
shows that some patients present with inadequate bone mass
even during long-term, steroid-free remission. Low bonemass
remains as a single impairment of bone composition for this
group of patient, since BMAT seems to be preserved and has
no correlation with BMD. Previous flares of inflammatory
disease activity and treatment with glucocorticoids, which
are largely accepted as independent risk factors for low bone
mass [1], may have contributed to our findings. Nevertheless,
only further studies with a greater number of patients, strati-
fied by different forms of clinical presentation and treatment,
will be able to determine the contributions of different factors
to impaired bone mass in IBD in remission, as well as the
relationships between bone mass and bone marrow adipose
tissue in this condition.
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