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Abstract

Background

Prior work suggested that patients with inflammatory bowel diseases (IBD) have lower body

mass index (BMI) than controls and patients with lower BMI have more serious

complications.

Goal

The study was aimed to find relationship between BMI in patients with and without IBD,

investigate effects of medicine therapy and disease stages on patients’ BMI.

Methods

Potentially eligible studies were identified through searching PubMed, Cochrane and

Embase databases. Outcome measurements of mean BMI and the number of patients from

each study were pooled by a random-effect model. Publication bias test, sensitivity analysis

and subgroup analysis were conducted.

Results

A total of 24 studies containing 1442 patients and 2059 controls were included. Main results

were as follows: (1) BMI in Crohn’s disease (CD) patients was lower than that in health con-

trols (-1.88, 95% CI -2.77 to -1.00, P< 0.001); (2) Medical therapy significantly improved

BMI of CD patients (with therapy: -1.58, -3.33 to 0.16; without: -2.09, 95% CI -3.21 to -0.98)

while on the contrary not significantly improving BMI of UC patients (with therapy: -0.24,

95% CI -3.68 to 3.20; without: -1.34, 95% CI -2.87 to 0.20, P = 0.57); (3) Both CD and UC

patients in active phase showed significantly greater BMI difference compared with controls
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than those in remission (CD patients: remission: -2.25, 95% CI -3.38 to -1.11; active phase:

-4.25, 95% CI -5.58 to -2.92, P = 0.03; UC patients: remission: 0.4, 95% CI -2.05 to 2.84;

active phase: -5.38, -6.78 to -3.97, P = 0.001).

Conclusions

BMI is lower in CD patients; medical therapy couldn’t improve BMI of IBD patients; the state

of disease affects BMI of CD patients and UC patients.

Introduction
Inflammatory bowel diseases (IBD), consisting of crohn’s disease (CD) and ulcerative colitis
(UC), is chronic inflammatory diseases with the gastrointestinal tract [1]. Pathophysiology of
IBD is yet not fully apprehended, and it has been found related to overactive mucosal immune
system within the bowel [2]. During recent decades, incidence of IBD in traditionally high inci-
dence areas, such as the United States and Europe, has been relatively stable. While the inci-
dence of IBD has been increasing in previously low incidence areas, including China [3], it
highly advocates that a tremendous epidemic of IBD is coming and more contemplation
should be paid to IBD prevention, diagnosis, treatment as well as prognosis.

Recently, another great health threat developed. Global epidemic of overweight and obesity
—"globesity"—is rapidly becoming major public health problem and obesity has been leading
to excess morbidity and mortality. Body mass index (BMI) is a simple index of weight-for-
height commonly used to classify underweight, overweight and obesity in adults. BMI has been
found related with numerous health conditions, such as cancers [4–9], osteoarthritis [10],
obstructive sleep apnea[11], non-alcoholic fatty liver disease [12], gallbladder diseases [13],
et al.

The relationship between body mass index (BMI) and factors of inflammatory bowel dis-
eases (IBD), such as morbidity, complications, prognosis, the stage of the disease, medical ther-
apy, has been reported in many studies. Some studies have discovered that in IBD patients,
BMI were lower than that in non-IBD controls [14–17]. However, others indicated that UC
patients have higher BMI than controls or have BMI in the normal range [18, 19]. Some studies
[15, 17, 19–23] show that medical therapy could decrease lean mass, while others indicated
that patients’ BMI is lower than controls’ before the use of therapy [24]. Decreased BMI was
found in patients with active UC, but was not commonly observed in CD patients compared
with healthy controls. Nevertheless, some studies pointed out that patients with inactive CD
having a lower BMI than both UC and healthy controls [25]. Since a low BMI is associated
with negative health outcomes and conclusions about BMI in IBD patients were inconsistent,
we did a systematic review of all relevant literature, and pooled analysis of BMI in IBD patients
versus controls in order to find out that: 1) whether there is a relationship between BMI and
IBD, 2) whether medical therapies and the stage of disease have effect on patients’ BMI.

Materials and Methods

Data sources, search strategy, and selection criteria
Two authors (Jie Dong and Yi Chen) independently searched PubMed, Cochrane and Embase
databases (up to October 2015) for eligible studies. The core search consisted of terms related
to body mass index (“overweight”, “body weight”, “obesity”, “BMI”, “body mass index”, “body
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surface area”, “body size”, “adiposity”, and “fat”). These terms were combined with terms of
IBD (“IBD”, “inflammatory bowel disease”, “crohn”, “ulcerative colitis”).

All articles and relevant reviews included in this study were screened [26, 27] for potential
missing studies. After eliminating duplicate studies, titles and abstracts of all articles obtained
were screened by Jie Dong and Yi Chen to exclude the irrelevant. The remaining articles were
read thoroughly and those who met selection criteria were included. Divergence were resolved
by consulting with the third author, Ning Dai.

Inclusion criteria were as follows: (1) studies published as epidemiology studies or clinical
trials evaluating association between BMI and IBD, concerning risk of IBD in different BMI
patients, effect of BMI on diagnosis or prognosis in IBD patients or merely reported BMI in
both IBD patients and health controls; (2) BMI of patients were provided or could be calculated
in form of Mean±SD; (3) BMI of controls and BMI of IBD patients were not matched.

Data extraction and quality assessment. The following information was extracted: the
first author, year of publication, study aim, gender, medicine usage, assessment of disease activ-
ity, source of BMI and definition of controls, number, age and BMI of both patients and con-
trols. Extracted data were looked over to consolidate by two authors Jie Dong and Yi Chen.
Discrepancies were resolved by the third investigator, Ning Dai.

If a study did not incorporate enough data to be included in the meta-analysis (i.e., no risk
estimates and/or 95% confidence intervals or no specific BMI in patients or controls), the cor-
responding author would be contacted via email and the missing data would be solicited at
least twice.

The quality of each study was assessed according to Newcastle-Ottawa quality assessment
scale [28]. This scale consists of three factors: patient selection, comparability of study groups,
and assessment of outcomes. A score of 0–9 (labeled as stars) was used to indicate the quality
of each study.

Data Synthesis and Statistic Analysis
All analyses were conducted using the STATA software (version 12, STATA Corporation, Col-
lege Station, TX, U.S.). Publication bias was conducted through Begg’s adjusted rank correla-
tion test.[29] Random effect meta-analysis was employed to compare difference in BMI
between IBD patients and healthy controls in the form of weighted mean difference (WMD).
Statistical heterogeneity among studies was evaluated though Cochran’s Q test and I2 statistic
[30]. The extent of heterogeneity across studies was checked using the chi-square test and I2

test; P�0.10 and/or I2>50% indicates significant heterogeneity. If so, subgroup analysis will be
conducted. Sensitivity analysis was performed to investigate the contribution of each study to
the heterogeneity by comparing results before and after sequentially removing one study and
reanalyzing the pooled estimate for remaining studies.

Results

Search results and Study characteristics
9,493 potential relevant articles were identified by searching the databases. An additional five
studies were included from reference retrieve. After eliminating duplicates, 8,926 papers were
screened. With reading titles and abstracts, a total of 220 articles were considered potentially
eligible and full texts were carefully reviewed for inclusion. Among these articles, 196 were sub-
sequently excluded for the following reasons: 173 did not investigate the relationship between
BMI and IBD; 13 did not provide sufficient data and did not reply to us; in five studies, BMI
couldn’t be calculated in form of Mean±SD; in another five articles, BMI of controls were
matched with patients’ BMI. Thus, a total of 24 articles were finally included (Fig 1). 19 articles
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focus on Europeans, one on Americans, two on Asians, one on Australians and one on Afri-
cans. Study designs included three prospective cohort studies, four cross-sectional studies and
17 case–control studies. 10 assessed BMI in UC patients [15, 16, 18, 19, 21, 25, 31–34], 21
enrolled CD patients [15, 17–25, 31–33, 35–43] and three included patients of the undefined
IBD type [14, 15, 33]. A total of seven studies investigated the effect of medical therapy on BMI
improvement [15, 17, 19–23]. For IBD state, four studies assessed patients in active phase [15,
16, 37, 43], while 12 evaluated patients in clinical remission and 9 reported both [16, 17, 23, 25,
31, 35, 36, 38, 40–43].

The aims and quality assessments of these studies and baseline characteristics of patients
and controls are specified in Table 1.

Primary Meta-analysis
A total of 24 studies containing 1442 patients and 2059 controls were included. Pooled data
showed significant BMI difference of -1.88 for CD patients compared to controls (95% CI
-2.77 to -1.00, P< 0.001) (Fig 2), while no obvious difference was observed for -0.94 in UC
patients (95% CI -2.54 to 0.66, P< 0.001) (Fig 3) or undefined IBD patients (WMD of -2.64,

Fig 1. Flow diagram of systematic literature search on BMI and IBD.

doi:10.1371/journal.pone.0144872.g001

BMI and IBD

PLOSONE | DOI:10.1371/journal.pone.0144872 December 14, 2015 4 / 19



T
ab

le
1.

A
im

an
d
d
ef
in
it
io
n
o
ft
h
e
st
u
d
y
p
o
p
u
la
ti
o
n
o
fs

tu
d
ie
s
th
at

re
p
o
rt
ed

th
e
B
o
d
y
M
as

s
In
d
ex

(B
M
I)
o
fp

at
ie
n
ts

w
it
h
in
fla

m
m
at
o
ry

b
o
w
el

d
is
ea

se
(I
B
D
)a

n
d
h
ea

lt
h
y

co
n
tr
o
ls
.

F
ir
st

au
th
o
r,

ye
ar

A
im

P
at
ie
n
ts

d
efi

n
it
io
n

C
o
n
tr
o
ls

d
efi

n
it
io
n

M
ed

ic
in
e
u
sa

g
e

A
ss

es
sm

en
t

o
f
d
is
ea

se
ac

ti
vi
ty

S
o
u
rc
e
o
f

B
M
I

P
at
ie
n
ts

C
o
n
tr
o
ls

P
at
ie
n
ts

ag
ea

(y
ea

rs
)

C
o
n
tr
o
ls

ag
ea

(y
ea

rs
)

B
M
Ia
/

p
at
ie
n
ts

B
M
Ia
/

co
n
tr
o
ls

N
O
S

S
tu
d
y

d
es

ig
n

P
ar
ti
ci
p
an

ts
’

re
g
io
n

1.
C
ha

n,
S
.S

.
M
.2

01
3

P
er
fo
rm

th
e
fi
rs
t

pr
os

pe
ct
iv
e
co

ho
rt

st
ud

y
in
ve

st
ig
at
in
g
if

th
er
e
is
an

as
so

ci
at
io
n
be

tw
ee

n
ob

es
ity

an
d
th
e

de
ve

lo
pm

en
to

f
in
ci
de

nt
IB
D
.

M
en

an
d
w
om

en
ag

ed
20

–
80

ye
ar
s

w
ith

C
D

or
U
C

F
ou

r
ra
nd

om
ly

se
le
ct
ed

co
nt
ro
ls

fo
r
ag

e
at

re
cr
ui
tm

en
t,

ge
nd

er
,a

nd
da

te
of

re
cr
ui
tm

en
ti
nt
o

th
e
st
ud

y

N
ot

m
en

tio
ne

d
N
ot

m
en

tio
ne

d
B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:7
5

U
C
:1
77

C
D
:3
00

U
C
:7
08

C
D
:5

0.
0

(2
4.
0–

69
.2
)

U
C
:5

2.
8

(2
2.
0–

77
.0
)
c

C
D
:4

9.
8

(2
4.
0–

69
.0
)
U
C
:

52
.7

(2
2.
0–

77
.2
)
c

C
D
:2

5.
1

±3
.8

U
C
:

25
.4
±3

.7

C
D
:2

5.
1

±3
.9

U
C
:

25
.8
±4

.0

8
P
ro
sp

ec
tiv
e

C
oh

or
tS

tu
dy

E
ur
op

ea
n

2.
B
ur
nh

am
,J

.
M
.2

00
5

Q
ua

nt
ify

le
an

an
d

fa
tm

as
s
in

ch
ild
re
n

an
d
yo

un
g
ad

ul
ts

w
ith

C
D

an
d
in

he
al
th
y
co

nt
ro
l

su
bj
ec

ts
,r
el
at
iv
e
to

he
ig
ht

an
d
pu

be
rt
al

m
at
ur
at
io
n.

P
er
so

ns
ag

ed
4–

25
y
w
ith

C
D
,P

C
D
A
Ia

t
st
ud

y
vi
si
t:
12

.0
±1

1.

F
ro
m

ge
ne

ra
l

pe
di
at
ric

cl
in
ic
s

in
th
e

su
rr
ou

nd
in
g

co
m
m
un

ity
an

d
th
ro
ug

h
ne

w
sp

ap
er

ad
ve

rt
is
em

en
ts

6-
m
er
ca

pt
op

ur
in
e,

su
lfa

sa
la
zi
ne

,
m
es

al
am

in
e
or

as
ac

ol
m
et
ro
ni
da

zo
le
,

co
rt
ic
os

te
ro
id

P
ed

ia
tr
ic

-C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:1
04

23
3

15
.4
±4

.3
11

.9
±5

.7
19

.4
±3

.2
19

.5
±4

.9
8

C
ro
ss
-

se
ct
io
na

l
st
ud

y

A
m
er
ic
a

3.
C
ra
vo

,M
.

20
10

E
va

lu
at
e
th
e

pr
es

en
ce

of
m
et
ab

ol
ic

bo
ne

di
se

as
e
in

pa
tie

nt
s

w
ith

C
D

an
d
to

id
en

tif
y
po

te
nt
ia
l

et
io
lo
gi
c
fa
ct
or
s.

O
ut
pa

tie
nt
s
w
ith

C
D
,

m
ild

to
m
od

er
at
e

di
se

as
e

In
di
vi
du

al
s
w
ith

a
si
m
ila
r
ag

e
an

d
ge

nd
er

di
st
rib

ut
io
n

N
on

e
of

th
e
pa

tie
nt
s

w
er
e
on

st
er
oi
ds

at
th
e
tim

e
of

th
e
st
ud

y
an

d
no

ne
w
er
e

ho
sp

ita
liz
ed

H
ar
ve

y–
B
ra
ds

ha
w

In
de

x
(H

B
I)

N
ot

m
en

tio
ne

d
C
D
:9
9

(M
:3
7

F
:6
2)

56
(M

:1
9
F
:3
7)

40
±1

4
42

±1
0

24
.5
±4

.4
24

.3
±4

.1
7

C
as

e–
co

nt
ro
l

st
ud

y
P
or
tu
ga

l

4.
G
ee

rli
ng

,B
.

J.
20

00
E
st
ab

lis
h
a

co
m
pr
eh

en
si
ve

pi
ct
ur
e
of

th
e

nu
tr
iti
on

al
st
at
us

in
re
ce

nt
ly

di
ag

no
se

d
IB
D

pa
tie

nt
s.

P
at
ie
nt
s
di
ag

no
se

d
IB
D

w
ith

in
6
m
on

th
s

pr
io
r
to

en
te
rin

g
th
e

st
ud

y

R
an

do
m
ly

se
le
ct
ed

fr
om

th
e
pa

tie
nt

po
pu

la
tio

n
da

ta
ba

se
of

a
ge

ne
ra
lh

ea
lth

ca
re

ce
nt
er

M
es

al
am

in
e,

A
za

th
io
pr
in
e,

P
re
dn

is
on

e

C
D
A
If
or

C
D

pa
tie

nt
s,

T
ru
el
ov

e
an

d
W
itt
s'
cr
ite

ria
fo
r
U
C

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

IB
D
:6
9

C
D
:2
3

U
C
:4
6

69
C
D
:3
0.
1±

10
.2

U
C
:3
7.
8±

14
.7

no
t

m
en

tio
ne

d
C
D
:2
2.
2

±2
.7

U
C
:2
3.
1

±3
.0

C
D
:2

2.
2

±2
.7

U
C
:2
4.
7

±3
.5

7
C
as

e–
co

nt
ro
l

st
ud

y
N
et
he

rla
nd

s

5.
G
ho

sh
al
,U

.
C
.2

00
8

P
at
ie
nt
s
w
ith

IB
D

an
d
he

al
th
y
su

bj
ec

ts
w
er
e
ev

al
ua

te
d
fo
r

nu
tr
iti
on

us
in
g

di
et
ar
y
su

rv
ey

,
an

th
ro
po

m
et
ric

an
d

bi
oc

he
m
ic
al

pa
ra
m
et
er
s.

P
at
ie
nt
s
di
ag

no
se

d
IB
D

S
ta
ff
m
em

be
rs

an
d
he

al
th
y

re
la
tiv
es

of
pa

tie
nt
s

N
ot

m
en

tio
ne

d
T
ru
el
ov

e-
W
itt
’s
fo
r
U
C
,

th
e
H
ar
ve

y
B
ra
ds

ha
w

ac
tiv
ity

in
de

x
fo
r
C
D

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

IB
D
:6
2

C
D
:7

U
C
:5
5

41
IB
D
:3
5
(1
6–

70
)c

38
(2
2–

60
)c

19
.8

(1
3.
7–

27
.5
)c

23
(1
7.
9–

27
.2
)c

8
C
as

e–
co

nt
ro
l

st
ud

y
N
or
th
er
n

In
di
a

6.
Ja

hn
se

n,
J.

19
97

C
om

pa
re

bo
ne

m
in
er
al

de
ns

ity
in

pa
tie

nt
s
w
ith

C
D

w
ith

pa
tie

nt
s
w
ith

U
C

an
d
he

al
th
y

su
bj
ec

ts
,a

nd
to

ev
al
ua

te
po

ss
ib
le

ris
k
fa
ct
or
s
fo
r
bo

ne
lo
ss

in
IB
D
.

P
at
ie
nt

w
ith

IB
D
.

A
ge

an
d

ge
nd

er
m
at
ch

ed
no

rm
al

co
nt
ro
ls

C
or
tic
os

te
ro
id
s,

az
at
hi
op

rin
e,

su
lfa

sa
la
zi
ne

,
5-
A
S
A

N
ot

m
en

tio
ne

d
B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:6
0

U
C
:6
0

60
C
D
:3

6(
21

–

75
)
U
C
:3

8
(2
1–

75
)c

36
(2
1–

75
)c

C
D
:2

3.
3

±4
.3

U
C
:

25
.2
±5

.1

23
.4
±3

.1
8

C
ro
ss
-

se
ct
io
na

l
st
ud

y

N
or
w
ay

7.
M
ija
c,

D
.D

.
20

10
E
st
im

at
e
th
e

pr
ev

al
en

ce
of

un
de

rn
ut
rit
io
n
an

d
to

ev
al
ua

te
m
et
ho

ds
fo
r
ro
ut
in
e
nu

tr
iti
on

al
as

se
ss
m
en

to
f

ac
tiv
e
IB
D

pa
tie

nt
s.

P
at
ie
nt
s
w
ith

ac
tiv
e

IB
D

H
ea

lth
y

vo
lu
nt
ee

rs
A
za

th
io
pr
in
e,

M
es

al
az

in
e,

P
re
dn

is
on

e

C
D
A
If
or

C
D
,

th
e
M
ay

o
sc
or
e
fo
r
U
C

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

IB
D
:7
6

U
C
:5
3

C
D
:2
3

30
IB
D
:4

0.
83

±1
5.
45

U
C
:

42
.3
1
±
15

.4
2

C
D
:3

9.
21

±
15

.4
7

45
.1
0

±1
8.
06

IB
D
:2
1.
35

±3
.6
5

U
C
:2
1.
71

±3
.8
8

C
D
:2
0.
92

±2
.9
5

26
.5
5
±4

.7
6

7
C
as

e–
co

nt
ro
l

st
ud

y
B
el
gr
ad

e

8.
M
oh

am
ed

H
us

se
in
,A

.A
.

20
07

D
et
er
m
in
e
th
e

fr
eq

ue
nc

y
an

d
ty
pe

of
pu

lm
on

ar
y

dy
sf
un

ct
io
n
in

pa
tie

nt
s
w
ith

U
C

w
ith

re
sp

ec
tt
o

di
se

as
e
ac

tiv
ity
.

P
at
ie
nt
s
w
ith

U
C

A
ge

an
d

ge
nd

er
m
at
ch

ed
no

rm
al

co
nt
ro
ls

liv
in
g
in

th
e

sa
m
e

ne
ig
hb

or
ho

od

S
ul
ph

as
al
az

in
e,

m
es

al
az

in
e,

T
he

T
ru
el
ov

e
sc
or
e

N
ot

m
en

tio
ne

d
U
C
:2
6

(A
ct
iv
e

U
C
:2
0

R
em

is
si
on

U
C
:6
)

16
39

.5
±4

34
.7
±3

A
ct
iv
e

U
C
:1
7.
2±

3
In
ac

tiv
e

U
C
:1
8.
4

±2
.8

23
.1
±3

8
P
ro
sp

ec
tiv
e

st
ud

y
E
gy

pt

(C
on

tin
ue

d
)

BMI and IBD

PLOSONE | DOI:10.1371/journal.pone.0144872 December 14, 2015 5 / 19



T
ab

le
1.

(C
on

tin
ue

d
)

F
ir
st

au
th
o
r,

ye
ar

A
im

P
at
ie
n
ts

d
efi

n
it
io
n

C
o
n
tr
o
ls

d
efi

n
it
io
n

M
ed

ic
in
e
u
sa

g
e

A
ss

es
sm

en
t

o
f
d
is
ea

se
ac

ti
vi
ty

S
o
u
rc
e
o
f

B
M
I

P
at
ie
n
ts

C
o
n
tr
o
ls

P
at
ie
n
ts

ag
ea

(y
ea

rs
)

C
o
n
tr
o
ls

ag
ea

(y
ea

rs
)

B
M
Ia
/

p
at
ie
n
ts

B
M
Ia
/

co
n
tr
o
ls

N
O
S

S
tu
d
y

d
es

ig
n

P
ar
ti
ci
p
an

ts
’

re
g
io
n

9.
N
ic

S
ui
bh

ne
,T

.
20

12

D
et
er
m
in
e
th
e

pr
ev

al
en

ce
of

ov
er
w
ei
gh

ta
nd

ob
es

ity
in

pa
tie

nt
s

w
ith

C
D

co
m
pa

re
d

w
ith

m
at
ch

ed
he

al
th
y
co

nt
ro
ls

an
d

to
id
en

tif
y
di
se

as
e-

sp
ec

ifi
c
an

d
ge

ne
ric

fa
ct
or
s
as

so
ci
at
ed

w
ith

cu
rr
en

tB
M
Ii
n

th
is

gr
ou

p.

A
du

lt
pa

tie
nt
s
w
ith

C
D

fo
r
a
m
in
im

um
of

3
m
on

th
s

A
ge

,g
en

de
r

an
d

so
ci
oe

co
no

m
ic

lly
m
at
ch

ed
he

al
th
y

co
nt
ro
ls

fr
om

no
n-
m
ed

ic
al

de
pa

rt
m
en

ts
an

d
bu

si
ne

ss
es

w
ith

in
th
e

ho
sp

ita
l's

ca
tc
hm

en
ta

re
a

C
or
tic
os

te
ro
id
,

im
m
os

up
pr
es

sa
nt
,

5-
A
S
A
,b

io
lo
gi
cs

C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:1
00

10
0

35
.7

±1
0.
9

37
.9
±1

1.
0

25
.0
8±

5.
5

25
.4
3±

3.
8

8
P
ro
sp

ec
tiv
e

ca
se

–
co

nt
ro
l

st
ud

y

Ir
el
an

d

10
.Z

ol
i,
G
.

19
96

D
et
er
m
in
e
en

er
gy

re
qu

ire
m
en

ts
an

d
th
e
re
la
tio

ns
hi
p

be
tw
ee

n
en

er
gy

ex
pe

nd
itu

re
an

d
gr
ow

th
in

ad
ol
es

ce
nt
s
w
ith

in
ac

tiv
e
C
D

an
d

he
al
th
y
gr
ow

in
g

co
nt
ro
ls
.

P
at
ie
nt
s
le
ss

th
an

ag
e
20

w
ith

on
se

to
f

di
se

as
e
pr
io
r
to

ag
e

16
an

d
to

ha
ve

be
en

di
ag

no
se

d
fo
r
a

m
in
im

um
of

tw
o

ye
ar
s.

H
ea

lth
y,

gr
ow

in
g,

ag
e

an
d
ge

nd
er

m
at
ch

ed
ad

ol
es

ce
nt
s

N
o
su

bj
ec

tw
as

cu
rr
en

tly
re
ce

iv
in
g

co
rt
ic
os

te
ro
id
s

C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:1
0

10
17

.6
±1

.4
17

.5
±
1.
4

19
.2
±0

.6
23

.7
±0

.6
8

C
as

e–
co

nt
ro
l

st
ud

y
E
ng

la
nd

11
.E

.
C
ap

ris
to
.1

99
8

E
va

lu
at
e
th
e
ef
fe
ct

of
di
se

as
e

lo
ca

liz
at
io
n
on

th
e

an
th
ro
po

m
et
ric

an
d

m
et
ab

ol
ic

ch
ar
ac

te
ris

tic
s
of

in
ac

tiv
e
C
D
.

P
at
ie
nt
s
in

cl
in
ic
al

re
m
is
si
on

an
d
no

t
re
ce

iv
in
g
st
er
oi
d

th
er
ap

y
or

nu
tr
iti
on

al
su

pp
or
t

A
ge

an
d
he

ig
ht

m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

N
ot

re
ce

iv
in
g
st
er
oi
d

th
er
ap

y
S
im

pl
ifi
ed

-
C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:4
3

60
32

.0
±1

0.
3

33
.8
±8

.7
21

.5
±1

.5
23

.7
±1

.3
7

C
as

e–
co

nt
ro
l

st
ud

y
Ita

ly

12
.E

.
C
ap

ris
to
.

19
98

.

E
va

lu
at
e
th
e

an
th
ro
po

m
et
ric

an
d

m
et
ab

ol
ic

ch
ar
ac

te
ris

tic
s
of

pa
tie

nt
s
w
ith

C
D

an
d
U
C
,c

om
pa

rin
g

bo
th

gr
ou

ps
w
ith

he
al
th
y
vo

lu
nt
ee

rs
.

P
at
ie
nt
s
in

cl
in
ic
al

re
m
is
si
on

no
t

re
ce

iv
in
g
st
er
oi
d

th
er
ap

y

A
ge

an
d

ge
nd

er
m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

N
ot

re
ce

iv
in
g
st
er
oi
d

th
er
ap

y
S
im

pl
ifi
ed

-
C
D
A
If
or

C
D
,

P
ow

el
l-T

uc
k

in
de

x
fo
r
U
C

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

IB
D
:3
4

C
D
:1
8

U
C
:1
6

20
C
D
:3
3.
4
(1
8–

60
)c
U
C
:4
0.
7

(2
0–

60
)c

39
.4

(1
8–

58
)c

C
D
:2
0.
5

(1
7.
2–

23
.7
)c

U
C
:2
4.
3

(2
0.
5–

29
.7
)c

23
.6

(1
9.
4–

26
)c

7
C
ro
ss
-

se
ct
io
na

l
st
ud

y

Ita
ly

13
.E

.
C
ap

ris
to
.

19
98

.

M
ea

su
re

bo
dy

co
m
po

si
tio

n,
w
ho

le
bo

dy
gl
uc

os
e

up
ta
ke

an
d

ox
id
at
io
n
in

C
D

an
d

U
C

pa
tie

nt
s
w
ith

in
ac

tiv
e
di
se

as
e.

P
at
ie
nt
s
in

cl
in
ic
al

re
m
is
si
on

no
t

re
ce

iv
in
g
st
er
oi
d

th
er
ap

y

A
ge

an
d
he

ig
ht

m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

N
ot

re
ce

iv
in
g
st
er
oi
d

th
er
ap

y
S
im

pl
ifi
ed

-
C
D
A
If
or

C
D
,

P
ow

el
l-T

uc
k

in
de

x
fo
r
U
C

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:1
0

U
C
:1
0

40
C
D
:3

1.
1±

7.
0

U
C
:3
3.
4±

8.
8

36
.3
±1

1.
2

C
D
:2
0.
4

±1
.6

U
C
:2
4.
0

±1
.2
4

23
.8
±1

.8
5

7
C
as

e–
co

nt
ro
l

st
ud

y
Ita

ly

14
.L

uc
io

C
uo

co
.2

00
8

E
va

lu
at
e
nu

tr
iti
on

al
st
at
us

an
d
bo

dy
m
as

s
co

m
po

si
tio

n
in

pa
tie

nt
s
w
ith

ne
w
ly

di
ag

no
se

d
C
D
,a

nd
to

an
al
yz
e
w
he

th
er

ch
an

ge
s
in

sk
el
et
al

m
us

cl
e
co

m
po

si
tio

n
co

ul
d
be

at
tr
ib
ut
ab

le
to

pr
o-
in
fl
am

m
at
or
y

cy
to
ki
ne

s,
an

d
to

co
rr
el
at
e
m
us

cl
e

da
m
ag

e
w
ith

th
e

in
fl
am

m
at
or
y
st
at
us

an
d
in
te
st
in
al

pe
rm

ea
bi
lit
y,

an
d

ci
rc
ul
at
in
g
ba

ct
er
ia
l

br
ea

kd
ow

n
pr
od

uc
ts

of
th
es

e
pa

tie
nt
s.

P
at
ie
nt
s
w
ith

ac
tiv
e

C
D

an
d
fr
ee

of
th
er
ap

y
dr
ug

s,
in

pa
rt
ic
ul
ar

st
er
oi
ds

or
im

m
un

os
up

pr
es

si
ve

ag
en

ts

A
ge

an
d

ge
nd

er
m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

F
re
e
of

th
er
ap

y
dr
ug

s,
in

pa
rt
ic
ul
ar

st
er
oi
ds

or
im

m
un

os
up

pr
es

si
ve

ag
en

ts

C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:1
3

20
31

(1
7–

49
)c

no
t

m
en

tio
ne

d
19

.8
±1

.2
23

.4
±1

.1
7

C
as

e–
co

nt
ro
l

st
ud

y
Ita

ly

15
.J

e´
ro
ˆm

e
F
ili
pp

i.
20

06
A
ss
es

s
fo
od

in
ta
ke

an
d
th
e
st
at
us

fo
r

vi
ta
m
in
s
an

d
tr
ac

e
el
em

en
ts

in
no

ns
el
ec

te
d
C
D

pa
tie

nt
s
in

cl
in
ic
al

re
m
is
si
on

.

P
at
ie
nt
s
in

cl
in
ic
al

re
m
is
si
on

fo
r
at

le
as

t3
m
on

th
s,

un
de

r
m
ai
nt
en

an
ce

th
er
ap

y

A
ge

an
d

ge
nd

er
m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

5-
A
S
A
[m

es
al
am

in
e]

an
d/
or

az
at
hi
op

rin
e

C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:5
4

(M
:2
6

F
:2
8)

25
(M

:9
F
:1
6)

39
±1

.8
b

37
.8
±2

.7
b

22
.1
±0

.5
b

22
.1
±0

.5
b

7
C
as

e–
co

nt
ro
l

st
ud

y
F
ra
nc

e

(C
on

tin
ue

d
)

BMI and IBD

PLOSONE | DOI:10.1371/journal.pone.0144872 December 14, 2015 6 / 19



T
ab

le
1.

(C
on

tin
ue

d
)

F
ir
st

au
th
o
r,

ye
ar

A
im

P
at
ie
n
ts

d
efi

n
it
io
n

C
o
n
tr
o
ls

d
efi

n
it
io
n

M
ed

ic
in
e
u
sa

g
e

A
ss

es
sm

en
t

o
f
d
is
ea

se
ac

ti
vi
ty

S
o
u
rc
e
o
f

B
M
I

P
at
ie
n
ts

C
o
n
tr
o
ls

P
at
ie
n
ts

ag
ea

(y
ea

rs
)

C
o
n
tr
o
ls

ag
ea

(y
ea

rs
)

B
M
Ia
/

p
at
ie
n
ts

B
M
Ia
/

co
n
tr
o
ls

N
O
S

S
tu
d
y

d
es

ig
n

P
ar
ti
ci
p
an

ts
’

re
g
io
n

16
.G

ee
rli
ng

B
J.

19
99

A
ss
es

s
bo

dy
hy

dr
at
io
n
an

d
th
e

di
st
rib

ut
io
n
of

th
e

bo
dy

w
at
er

co
m
pa

rt
m
en

ts
in

de
fi
ne

d
po

pu
la
tio

ns
of

pa
tie

nt
s
w
ith

IB
D

co
m
pa

re
d
w
ith

th
os

e
of

m
at
ch

ed
he

al
th
y
co

nt
ro
ls
.

P
at
ie
nt
s
w
ith

IB
D
-

ne
w

an
d
C
D
-lo

ng
A
ge

an
d

ge
nd

er
m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

M
es

al
az

in
e,

az
at
hi
op

rin
e,

co
rt
ic
os

te
ro
id
s

T
ru
el
ov

e-
W
itt
’s
in
de

x
fo
r
U
C
,C

D
A
I

fo
r
C
D

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

IB
D
-

ne
w
:5
2

(C
D
-

ne
w
:2
0

[M
:7
,F
:1
3]

U
C
-

ne
w
:3
2

[M
:1
4,

F
:1
8]
)
C
D
-

lo
ng

:4
0

[M
:1
7,

F
:2
3]

M
at
ch

ed
w
ith

IB
D
-n
ew

:5
2

M
at
ch

ed
w
ith

C
D
-lo

ng
:4
0

no
tm

en
tio

ne
d

no
t

m
en

tio
ne

d
C
D
-

ne
w
:2
2.
7

±2
.5

[M
:2
3.
1

±2
.4
,

F
:2
2.
5

±2
.6
]U

C
-

ne
w
:2
2.
7

±2
.4
[M

:
23

.2
±2

.2
,

F
:2
2.
3

±2
.6
]C

D
-

lo
ng

:2
2.
8

±4
.0
[M

:
22

.1
±4

.1
,

F
:2
3.
2

±3
.8
]

M
at
ch

ed
w
ith

C
D
-

ne
w
:2

3.
0

±2
.8
[M

:
23

.2
±2

.1
,

F
:2
2.
9±

3.
1]

M
at
ch

ed
w
ith

U
C
-

ne
w
:2
4.
7

±3
.4
[M

:
26

.7
±3

.6
,

F
:2
3.
2±

2.
4]

M
at
ch

ed
w
ith

C
D
-

lo
ng

:2
4.
0

±3
.3
[M

:2
6.
2

±3
.3
,F

:
22

.4
±2

.2
]

8
C
as

e–
co

nt
ro
l

st
ud

y
N
et
he

rla
nd

s

17
.G

ee
rli
ng

B
J.

19
98

O
bt
ai
n
a

co
m
pr
eh

en
si
ve

pi
ct
ur
e
of

nu
tr
iti
on

al
st
at
us

in
pa

tie
nt
s

w
ith

lo
ng

-s
ta
nd

in
g

C
D

th
at

w
as

cl
in
ic
al
ly

in
re
m
is
si
on

.

P
at
ie
nt
s
w
ith

C
D

fo
r
>
10

y
in

cl
in
ic
al

re
m
is
si
on

an
d

re
ce

iv
in
g
m
ed

ic
al

tr
ea

tm
en

td
ur
in
g
th
e

st
ud

y

A
ge

an
d

ge
nd

er
m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

M
es

al
az

in
e,

az
at
hi
op

rin
e,

co
rt
ic
os

te
ro
id
s

C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:3
2

(M
:1
4

F
:1
8)

32
(M

:1
4
F
:1
8)

C
D
:4

0.
0

(3
4.
3–

54
.0
)

(M
:4

9.
5

(3
6.
5–

56
.8
)

F
:3
9.
0
(3
2.
0–

48
.0
))

c

43
.8
±1

3.
5

C
D
:2

3.
2±

3.
7
(M

:
22

.8
±
4.
1

F
:2

3.
4±

3.
5)

24
.6
±3

.6
(M

:2
6.
4±

3.
5
F
:2
3.
3±

3.
2)

8
C
as

e–
co

nt
ro
l

st
ud

y
N
et
he

rla
nd

s

18
.G

re
co

A
ld
o
V
.1

99
6

C
om

pa
re

R
E
E
an

d
m
ea

su
re
s
of

su
bs

tr
at
e
ox

id
at
io
n

su
ch

as
th
e
no

n-
pr
ot
ei
n
re
sp

ira
to
ry

qu
ot
ie
nt

be
tw
ee

n
a

ho
m
og

en
eo

us
gr
ou

p
of

C
ro
hn

's
pa

tie
nt
s
st
ud

ie
d
in

th
e
sa

m
e
ph

as
e
of

di
se

as
e
ac

tiv
ity

an
d

a
m
at
ch

ed
co

nt
ro
l

gr
ou

p
of

he
al
th
y

vo
lu
nt
ee

rs
.

P
at
ie
nt
s
in

cl
in
ic
al

re
m
is
si
on

re
ce

iv
in
g

a
lo
w
pr
ed

ni
so

ne
do

se
fo
r
a
pe

rio
d
of

at
le
as

ts
ix
m
on

th
s

A
ge

,h
ei
gh

t
an

d
ge

nd
er

m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

C
or
tic
os

te
ro
id
s

C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:2
0

16
29

.5
0±

2.
91

30
.7
5

±2
.1
5

19
.8
9

±0
.7
1

24
.7
7±

0.
49

7
C
as

e–
co

nt
ro
l

st
ud

y
Ita

ly

19
.G

el
tr
ud

e
M
in
gr
on

e.
19

98
A
ss
es

s
th
e
ef
fe
ct

of
st
er
oi
d
th
er
ap

y
on

bo
dy

co
m
po

si
tio

n,
en

er
gy

ex
pe

nd
itu

re
,

an
d
fu
el

se
le
ct
io
n
in

C
D
.

P
at
ie
nt
s
w
ith

bi
op

sy
-

pr
ov

en
ile
al

C
ro
hn

di
se

as
e

A
ge

an
d
he

ig
ht

m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

P
re
dn

is
on

e
C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:1
2

(M
:6

F
:6
)

U
nt
re
at
ed

C
ro
hn

di
se

as
e:

(M
:3

F
:2
)

T
re
at
ed

C
ro
hn

di
se

as
e

(M
:3

F
:4
)

11
(M

:6
F
:5
)

U
nt
re
at
ed

C
ro
hn

di
se

as
e:

38
±1

4
T
re
at
ed

C
ro
hn

di
se

as
e:

32
±1

4

39
± 1

0
U
nt
re
at
ed

C
ro
hn

di
se

as
e:

17
.2
±1

.9
T
re
at
ed

C
ro
hn

di
se

as
e:

22
.8
±2

.3

24
.8
±1

.2
1

7
C
as

e–
co

nt
ro
l

st
ud

y
Ita

ly

20
.S

te
´p
ha

ne
M
.S
ch

ne
id
er
.

20
08

M
ea

su
re

th
e

pr
ev

al
en

ce
of

sa
rc
op

en
ia

in
C
D

pa
tie

nt
s
in

re
m
is
si
on

an
d
un

co
ve

r
its

re
la
tio

ns
hi
p
w
ith

os
te
op

en
ia
.

P
at
ie
nt
s
w
ith

C
D

in
cl
in
ic
al

re
m
is
si
on

A
ge

an
d
he

ig
ht

m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

C
or
tic
os

te
ro
id
s,

or
al

m
es

al
am

in
e,

az
at
hi
op

rin
e,

T
N
F
-

al
ph

a
an

ta
go

ni
st
s

(in
fl
ix
im

ab
)

C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:8
2

50
36

.2
±1

3.
9

39
.2
±1

3.
3

21
.1
±3

.4
22

.2
±2

.5
7

C
as

e–
co

nt
ro
l

st
ud

y
F
ra
nc

e

21
.J

ea
n-

B
ap

tis
te

W
iro

th
.2

00
5

A
ss
es

s
m
us

cl
e

st
re
ng

th
an

d
en

du
ra
nc

e
in

C
D

pa
tie

nt
s
in

cl
in
ic
al

re
m
is
si
on

an
d
th
e

in
fl
ue

nc
in
g
fa
ct
or
s.

C
D

ou
tp
at
ie
nt
s,

in
cl
in
ic
al

re
m
is
si
on

no
tr
ec

ei
vi
ng

G
C
s

fo
r
at

le
as

t2
m
on

th
s

A
ge

an
d

ge
nd

er
m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

N
o
pa

tie
nt

ha
d
be

en
re
ce

iv
in
g
G
C
s
fo
r
at

le
as

t2
m
on

th
s

C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

C
D
:4
1

(M
:1
7

F
:2
4)

25
(M

:1
0
F
:1
5)

C
D
:3
7.
4±

9.
5

(M
:3
8±

11
.8

F
:3
7.
4±

9.
5)

37
.0

(1
3.
0

(M
:4
3.
6

±1
3.
1

F
:3
2.
6

±1
1.
2)

C
D
:2
2.
1

± 3
.6

(M
:2
2.
1

±3
.5

F
:2
2.
1

±3
.7
)

22
.5
±2

.3
(M

:2
4.
0±

2.
4

F
:2
1.
4±

1.
6)

7
C
as

e–
co

nt
ro
l

st
ud

y
F
ra
nc

e

(C
on

tin
ue

d
)

BMI and IBD

PLOSONE | DOI:10.1371/journal.pone.0144872 December 14, 2015 7 / 19



T
ab

le
1.

(C
on

tin
ue

d
)

F
ir
st

au
th
o
r,

ye
ar

A
im

P
at
ie
n
ts

d
efi

n
it
io
n

C
o
n
tr
o
ls

d
efi

n
it
io
n

M
ed

ic
in
e
u
sa

g
e

A
ss

es
sm

en
t

o
f
d
is
ea

se
ac

ti
vi
ty

S
o
u
rc
e
o
f

B
M
I

P
at
ie
n
ts

C
o
n
tr
o
ls

P
at
ie
n
ts

ag
ea

(y
ea

rs
)

C
o
n
tr
o
ls

ag
ea

(y
ea

rs
)

B
M
Ia
/

p
at
ie
n
ts

B
M
Ia
/

co
n
tr
o
ls

N
O
S

S
tu
d
y

d
es

ig
n

P
ar
ti
ci
p
an

ts
’

re
g
io
n

22
.

S
ak

el
la
rio

u,
G
.

T
.2

00
6.

D
et
er
m
in
e
th
e

de
gr
ee

of
de

cr
ea

se
d
bo

ne
de

ns
ity

in
st
er
oi
d

na
ïv
e
yo

un
g
m
al
e

pa
tie

nt
s
w
ith

in
fl
am

m
at
or
y
bo

w
el

di
se

as
e
an

d
to

un
m
as

k
po

ss
ib
le

ris
k
fa
ct
or
s.

Y
ou

ng
m
al
e
pa

tie
nt
s

ag
ed

ov
er

20
ye

ar
s

w
ith

re
ce

nt
ly

di
ag

no
se

d
IB
D

A
ge

an
d

ge
nd

er
m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

C
or
tic
os

te
ro
id

N
ot

m
en

tio
ne

d
B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

IB
D
:3
2

(C
D
:1
8

U
C
:1
4)

20
IB
D
:2
6±

4.
8

(C
D
:2
6.
3±

5
U
C
:2
5.
8±

4.
6)

24
.6
±6

.2
IB
D
:2
4.
1

±4
.3

(C
D
:2
4.
1

±4
.6

U
C
:2
4.
2

±4
.2
)

23
.2
±4

.5
7

C
as

e–
co

nt
ro
l

st
ud

y
G
re
ec

e

23
.S

al
ly

L
Ja

m
es

.2
01

4
D
et
er
m
in
e
ho

w
di
et
ar
y
no

n-
st
ar
ch

po
ly
sa

cc
ha

rid
e

(N
S
P
)
an

d
re
si
st
an

t
st
ar
ch

(R
S
)
is
us

ed
in

pa
tie

nt
s
w
ith

U
C

an
d
as

se
ss

th
e

to
le
ra
bi
lit
y
of

su
ch

a
di
et
ar
y
ch

an
ge

.

U
C

pa
tie

nt
s
in

re
m
is
si
on

ov
er

th
e

ag
e
of

18
ye

ar
s

H
ea

lth
y

co
nt
ro
ls

ov
er

th
e
ag

e
of

18
ye

ar
s

O
ra
l

am
in
os

al
ic
yl
at
es

,
or
al

co
rt
ic
os

te
ro
id
s

or
th
io
pu

rin
es

C
ol
iti
s
ac

tiv
ity

in
de

x
(C

A
I)

�4

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

U
C
:1
9

10
38

(1
8–

72
)

41
(2
6–

66
)

25
.8
±1

.1
22

.4
±
0.
7

8
R
an

do
m
is
ed

,
cr
os

s-
ov

er
si
ng

le
-b
lin
de

d
co

nt
ro
lle
d

st
ud

y

A
us

tr
al
ia
n

N
ew

Z
ea

la
nd

24
.M

ah
m
ou

d
S
aj
ja
di
.2

01
5

In
ve

st
ig
at
e
th
e

as
so

ci
at
io
n
of

se
ru
m

ad
en

os
in
e

de
am

in
as

e
ac

tiv
ity

an
d
di
se

as
e
ac

tiv
ity

in
C
ro
hn

’s
di
se

as
e

pa
tie

nt
s.

C
D

pa
tie

nt
s

A
ge

an
d

ge
nd

er
m
at
ch

ed
he

al
th
y

vo
lu
nt
ee

rs

N
ot

m
en

tio
ne

d
C
D
A
I

B
M
Iw

as
ca

lc
ul
at
ed

fr
om

w
ei
gh

t
an

d
he

ig
ht

A
ct
iv
e

C
D
:1
5

R
em

is
si
on

C
D
:1
5

15
A
ct
iv
e
39

.4
±1

4.
4

R
em

is
si
on

34
.2
±1

0.
4

33
.7
±5

.7
A
ct
iv
e
20

.9
±4

.1
R
em

is
si
on

25
.3
±5

.3

25
.3
±5

.2
8

C
ro
ss
-

se
ct
io
na

l
st
ud

y

Ir
an

a
M
ea

n
±
S
D

b
M
ea

n
±
S
E
M

c M
ed

ia
n
an

d
ra
ng

e,
IB
D
:i
nfl

am
m
at
or
y
bo

w
el

di
se

as
es

,C
D
:c

ro
hn

’s
di
se

as
e,

U
C
:u

lc
er
at
iv
e
co

lit
is
,M

:m
al
e,

F
:f
em

al
e.

do
i:1
0.
13
71
/jo
ur
na
l.p
on
e.
01
44
87
2.
t0
01

BMI and IBD

PLOSONE | DOI:10.1371/journal.pone.0144872 December 14, 2015 8 / 19



95% CI -5.43 to 0.16, P = 0.064) (Fig 4). Great heterogeneity was found in primary meta-analy-
sis (P< 0.001 for CD, UC as well as non-identified group). There was no evidence of publica-
tion bias in primary meta-analysis (P value of Begg’s test: 0.735 for CD, 0.276 for UC and 1.000
for non-identified group). Sensitivity analyses indicated that pooled estimate was not exces-
sively changed by any individual studies (Tables 2–4, S1 Fig, S2 Fig).

Subgroup analysis
Medical therapy. Among the 21 articles enrolled CD patients, 9 articles containing 429

patients and 565 controls mentioned the current use of therapy, like corticosteroid, azathio-
prine, mesalamine, or TNF-alpha antagonist. 468 patients and 637 controls in 12 studies
hadn’t taken any medicine. Pooled data showed significantly different BMI in patients without
therapy compared to controls (WMD = -2.09, 95% CI -3.21 to -0.98, P< 0.001), difference of
-1.58 in BMI in patients with therapy (95% CI -3.33 to 0.16, P< 0.001) (Fig 5). There was no
significant difference between the two subgroups (P = 0.63).

There were 10 studies concerning UC patients. 178 patients from four studies had received
therapy, like corticosteroid, azathioprine or mesalamine, during the studies and a total of 169
people were included in the control groups. 275 patients and 820 controls in six studies hadn’t

Fig 2. Forest plot of the association between BMI and CD.

doi:10.1371/journal.pone.0144872.g002
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Fig 3. Forest plot of the association between BMI and UC.

doi:10.1371/journal.pone.0144872.g003

Fig 4. Forest plot of the association between BMI and IBD.

doi:10.1371/journal.pone.0144872.g004
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Table 2. Sensitivity analysis of included studies about CD.

Study omitted Estimate 95% Confident Interval

Burnham, J. M.2005 -1.972 -2.855 -1.088

Chan, S. S. M.2013 -1.976 -2.860 -1.091

Cravo, M.2010 -1.979 -2.871 -1.087

E. Capristo. 1998 -1.867 -2.829 -0.905

E. Capristo. 1998 -1.847 -2.769 -0.924

E. Capristo. 1998 -1.813 -2.732 -0.894

Geerling BJ. 1998 -1.905 -2.810 -0.999

Geerling BJ.-long -1.914 -2.820 -1.008

Geerling BJ.-new -1.953 -2.852 -1.053

Geerling, B. J. -1.967 -2.863 -1.071

Geltrude Mingrone.–u1998 -1.648 -2.526 -0.769

Geltrude Mingrone. 1998 -1.879 -2.786 -0.972

Greco Aldo V. 1996 -1.734 -2.568 -0.901

Jahnsen, J.1997 -1.966 -2.861 -1.070

Jean-Baptiste Wiroth. -1.951 -2.851 -1.051

Je^ro^me Filippi. 2006 -1.970 -2.864 -1.075

Lucio Cuoco. 2008 -1.800 -2.733 -0.868

Mijac, D. D.2010 -1.737 -2.635 -0.838

Nic Suibhne, T.2012 -1.954 -2.853 -1.056

Sakellariou, G. T. 2006 -1.976 -2.869 -1.082

Ste^phane M.Schneider -1.921 -2.831 -1.011

Zoli, G.1996 -1.754 -2.679 -0.830

Mahmoud.Sajiadi.-active.2015 -1.811 -2.708 -0.913

Mahmoud.Sajiadi.-remission.2015 -1.934 -2.829 -1.040

Combined -1.884 -2.767 -1.002

CD: crohn’s disease.

doi:10.1371/journal.pone.0144872.t002

Table 3. Sensitivity analysis of included studies about UC.

Study omitted Estimate 95% Confident Interval

Chan, S. S. M.2013 -1.030 -2.983 0.924

E. Capristo. 1998 -1.209 -2.954 0.537

E. Capristo. 1998 -1.081 -2.912 0.749

Geerling BJ.1999 -0.835 -2.533 0.863

Geerling, B. J.2000 -0.878 -2.596 0.841

Jahnsen, J.1997 -1.227 -2.954 0.499

Mijac, D. D.2010 -0.558 -2.150 1.033

Mohamed-Hussein, A. A.-2 -0.447 -1.977 1.083

Mohamed-Hussein,A.A -0.617 -2.246 1.012

Sakellariou, G. T. 2006 -1.102 -2.785 0.581

Sally L James.2014 -1.376 -2.704 -0.047

Combined -0.941 -2.543 0.660

UC: ulcerative colitis.

doi:10.1371/journal.pone.0144872.t003
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taken any medicine. We observed no significant difference of BMI in patients without medical
therapy (pooled WMD = -1.34, 95% CI -2.87 to 0.20, P = 0.089), and in BMI in patients with
medical therapy (pooled WMD = -0.24, 95% CI -3.68 to 3.20, P = 0.891), compared with con-
trols. There was no significant difference between the two subgroups (P = 0.57) (Fig 6).

Disease state. Crohn’s Disease Activity Index (CDAI), Simplified Crohn’s Disease Activity
Index, Pediatric Crohn’s Disease Activity Index (PCDAI) or Harvey–Bradshaw Index (HBI)
were used in different studies to assess CD patients’ disease activity. Active phase was defined
as CDAI score over 150, below was categorized as in remission. 344 patients in remission and
303 controls were enrolled in 11 studies. A significant difference of BMI was suggested (pooled
WMD = -2.25, 95% CI -3.38 to -1.11, P< 0.001). Three studies focused on 51 CD patients in
active phase and 65 healthy controls. Pooled data showed a significant different BMI in patients

Fig 5. Forest plot of subgroup analysis of BMI in CD patients with or without medicine therapy.

doi:10.1371/journal.pone.0144872.g005

Table 4. Sensitivity analysis of included studies about IBD.

Study omitted Estimate 95% Confident Interval

Ghoshal, U. C.2008 -2.204 -8.181 3.773

Mijac, D. D.2010 -1.304 -5.311 2.702

Sakellariou, G. T. 2006 -4.048 -5.986 -2.111

Combined -2.636 -5.426 0.155

IBD: inflammatory bowel diseases.

doi:10.1371/journal.pone.0144872.t004
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in active phase (pooled WMD = -4.25, 95% CI -5.58 to -2.92, P< 0.001). There was a signifi-
cant difference between the two subgroups (P = 0.03) (Fig 7).

Truelove-Witts’ index, the Mayo score, Powell-Tuck index or Colitis activity index were
used in different studies to assess UC patients’ disease activity. Two articles contained 73 UC
patients in active phase and 565 controls. A significant difference of BMI was found in patients
in active phase (pooled WMD = -5.38, 95% CI -6.78 to -3.97, P< 0.001). Pooled data showed
no significant difference of 0.40 in BMI in 51 patients in remission and 86 controls (95% CI
-2.05 to 2.84, P = 0.752) from four studies. There was a significant difference between two sub-
groups (P = 0.001) (Fig 8).

Discussion
The present meta-analysis is the first to assess the association between BMI and IBD patients.
The inclusive finding of our systematic review is that both UC and CD patients had consequen-
tial lower BMI than controls. This might be illustrated by reduced dietary intake, malabsorp-
tion. Metabolic disturbances, such as increased energy expenditure, decreased respiratory
quotient, and increased substrate oxidation rates, may also be a reason causing patients’ loss of
glucose, protein and fat [40, 42]. In prior works [15, 33], researchers have proven that BMI was
one of the most predictive parameters to assess the nutritional status in IBD patients. Mean-
while BMI was quite simple and convenient to acquire. Since malnutrition is frequently found

Fig 6. Forest plot of subgroup analysis of BMI in UC patients with or without medicine therapy.

doi:10.1371/journal.pone.0144872.g006
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in patients with IBD, physicians should be more aware of this concern in patients with low
BMI. Consequently, IBD patients are most likely at an increased risk to develop osteopenia and
osteoporosis. More studies are needed to elucidate whether nutritional supplementation in
IBD patients may improve the clinical course of the disease or not [21].

To some degree, medical therapy, including corticosteroid, azathioprine, mesalamine and
TNF-alpha antagonists, could improve CD patients’ BMI. Without medicine, patients’ BMI
was significantly lower than non-IBD controls’ while with medical management, the difference
was not significant. Medical therapy could help improve patients’ health condition by relieving
nutrition loss or delay disease progression [19]. In a preceding study, decreased bone mass was
already present at the time of diagnosis inpatients with CD. There was no significant deference
of BMI in pooled data among the subgroups of CD patients with and without therapy versus
controls shown in Geltrude Mingrone’s study [24], BMI of treated Crohn disease patients is
significantly higher when compared with untreated Crohn disease patients (P = 0.004). In a
recent study of postmenopausal women in the USA, a significant linear trend across BMI cate-
gories with bone mineral density was observed [44]. In a meta-analysis of 60 000 patients from
11 prospective studies, relative risk of fracture rose from 1.4 in females with BMI of 20 to 2.2 in
females with BMI of 15 [45]. Patients’ diet also affects on bone metabolism since calcium, vita-
min D, and vitamin K is necessary for bone metabolism [46]. Chronic inflammation, pro-
longed use of steroids, as well as low intake of calcium and vitamin D is other most frequently
implicated factors [47].

However, we did not observe similar result in UC patients who might be due to the relative
limited number of studies included.

Fig 7. Forest plot of subgroup analysis of BMI in CD patients in active or remission phase.

doi:10.1371/journal.pone.0144872.g007
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CD patients suffered more from subordinate BMI both in active phase and in remission
than controls. UC patients had a lower BMI in active phase, while in remission, there was no
difference compared with controls. It indicated that BMI could be a marker of disease state
which could further develop into a prognosis predictor and treatment efficacy parameter. Dis-
crepant conclusions were achieved from previous studies. Denia Stabroth-Akil’ team found
that high BMI had a positive effect on the prognosis, whereas low BMI pointed to a more severe
course of the disease after a retrospective analysis of data from 202 UC patients [48]. However,
the outcome fromMillie D. Long’s research was quite opposite. Obese IBD patients may have a
more severe disease course and increased need for surgery [49]. In a retrospective cohort of 124
IBD patients treating with infliximab, researchers performed a multivariable logistic regression
between BMI category and response to infliximab. Obesity was associated with an earlier time
to loss of response to infliximab [50]. In Avegail Flores’ study, IBD patients with low BMI were
more likely to receive anti-TNF treatment, undergo surgery, or experience a hospitalization
than patients with high BMI [51]. Continued observation of BMI might help appraise medicine
efficacy and contribute instruction in medical therapy readjustment.

Obesity has been discovered to be associated with excess adipocyte hypertrophy generating
a proinflammatory state through secretion of inflammatory cytokines and chemokines, includ-
ing interleukin (IL)-1β, IL-6, IL-8, monocyte chemoattractant factor,[52] tumor necrosis fac-
tor-α [53], and C-reactive protein [54]. These bio-factors might be closely related to
pathogenesis of IBD. In the existing analysis, there is one prospective study observing IBD inci-
dence among patients with various BMI. After following 300,724 people for an average of 4.5
years (range from 1.6 to 15.6 years), researchers have revealed that BMI is not associated with
IBD morbidity, neither CD nor UC [18], which might be explained by that the results of

Fig 8. Forest plot of subgroup analysis of BMI in UC patients in active or remission phase.

doi:10.1371/journal.pone.0144872.g008

BMI and IBD

PLOSONE | DOI:10.1371/journal.pone.0144872 December 14, 2015 15 / 19



existent study may be modified by certain factors, such as population, follow-up time, age and
geographic distribution of study population, so conclusions of whether BMI contributes to IBD
development can yet be drawn until more researches have been done.

In addition to being a potential prognosis marker or risk factor for IBD, BMI may also affect
severity of complication in IBD. Increasing data are emerging both in patients with IBD and in
the healthy population designating that low BMI is an indicative independent risk factor for
osteoporosis.

Our study has a couple of strengths. First of all, this is the first systematic review and meta-
analysis with regard to BMI in IBD patients. Second, most of the incorporated studies were of
high methodological quality. Third, no publication bias was ascertained, and subgroup analysis
was applied to assess the role of therapy and disease stage.

However, inevitable limitations existed in our analysis. Proportionately large heterogeneity
may influence the combined result and thus the conclusion. Besides, small sample size may
affect the outcome of the analysis. In addition, not enough studies were included to conduct
quantity’s analysis in certain concerns. Furthermore, investigation is needed to figure out the
complicated role of BMI in IBD patients.

In conclusion, our meta-analysis revealed that IBD patients had lower BMI than normal
controls, and this dissimilarity might be rationalized by disease remission and medical therapy,
indicating that BMI may serve as an easily accessible factor in IBD prognosis and treatment
effectiveness.

Supporting Information
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