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Malnutrition and inflammation status in nonobese
patients with inflammatory bowel disease are associated
with nonalcoholic fatty liver disease: a retrospective study
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Background/Aims: The frequency and details of nonalcoholic fatty liver disease (NAFLD) complications in patients with
inflammatory bowel disease (IBD) remain unclear. This study aimed to clarify characteristics of NAFLD in patients with IBD.
Methods: We retrospectively identified and enrolled patients with IBD diagnosed with or without NAFLD by undergoing ab-
dominal computed tomography (CT) at our institution between 2005 and 2020. The primary endpoint was the complication
rate of NAFLD in patients with IBD. Secondary endpoints were the clinical characteristics of nonobese patients with IBD and
comorbid NAFLD and their association with nutritional and inflammatory parameters. Results: Twenty-one (21.9%) of 96 eli-
gible patients with IBD also had NAFLD. In nonobese patients (defined as patients with a body mass index <25 kg/m?), C-reac-
tive protein (CRP; P<0.001) and alanine aminotransferase (P=0.018) levels were higher and the albumin level (P=0.005) and
prognostic nutritional index (PNI; P=0.002) values were lower in patients with NAFLD than in those without NAFLD. The PNI
value was positively correlated (P<0.001) and the CRP level was negatively correlated (P=0.001) with the hepatosplenic ratio.
However, in the NAFLD combined group, PNI (P<0.05) and CRP values (P<0.001) were improved over time after CT imaging
by continuing IBD treatment. Conclusions: Worsening nutritional and inflammatory status in IBD patients is associated with
complications of NAFLD. Diagnosis of NAFLD in IBD patients using CT imaging might be useful not only for early detection of
NAFLD but also in assessing the need for therapeutic intervention for IBD. (Intest Res 2023;21:471-480)
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a leading cause of
chronic liver disease, which can progress to cirrhosis, liver can-
cer, or liver failure.' NAFLD is commonly linked with obesity
associated with lifestyle-related diseases.’ The estimated prev-
alence of NAFLD is increasing worldwide, including in Japan.*5
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Therefore, identification of risk factors, early diagnosis, and in-
tervention are crucial in the management of this common dis-
ease. NAFLD is also a comorbid condition in nonobese pa-
tients.’ The prevalence of NAFLD in nonobese patients is high,
especially in Asia, where it has been reported to be 7%-20%."”
Inflammatory bowel disease (IBD) is a chronic inflammato-
ry disease that includes Crohn’s disease (CD) and ulcerative
colitis (UC)." Some patients with IBD are prone to malnutri-
tion, which is associated with adverse outcomes and requires
nutritional support." "’ The reported frequency of malnutrition
in patients with active IBD ranges from 25.0% to 69.7%, " and
protein-energy malnutrition is particularly common."” Elevated

471

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.5217/ir.2023.00035&domain=pdf&date_stamp=2023-10-31

Takahiro Nagata, et al. ®* Relationship between NAFLD and IBD in nonobese patients

transaminase levels are also common in patients with IBD,'®
and NAFLD is the most common cause of these elevations.'”
In recent years, many cases of comorbid NAFLD have been
22 Although patients with IBD
complicated with NAFLD have been reported to have better

reported in patients with IBD.

treatment outcomes,” the significance of these better treat-
ment outcomes remains unclear. Moreover, most of the rele-
vant reports have been based on findings on abdominal ultra-
sound, and there are no reports based on computed tomogra-
phy (CT) imaging.

A severe life-threatening condition called intestinal failure-
associated liver disease (IFALD) is known to be caused by
NAFLD and/or cholestasis in patients with long-standing mal-
nutrition.” Therefore, early accurate diagnosis of NAFLD using
CT or other methods is important for prevention of IFALD.
Having knowledge of the clinical characteristics of NAFLD and
its risk factors in patients with IBD is important to make a cor-
rect diagnosis and allow early therapeutic intervention. There-
fore, in this study, we aimed to determine the clinical charac-
teristics of Japanese patients with a diagnosis of IBD and co-
morbid NAFLD diagnosed by CT imaging.

METHODS

1. Patients

This study had a retrospective single-center design and includ-
ed patients diagnosed with UC or CD in accordance with the
standard criteria outlined in the Japanese UC and CD guide-
lines at Fukuoka University Hospital (Fukuoka, Japan) between
January 2005 and October 2020. Patients younger than 15
years and those who had not undergone CT were excluded. In
all patients, the presence or absence of fatty liver was diagnosed
by CT. During the study period, CT examinations were per-
formed using Aquilion ONE 16-row (2005-2018), 64-row
(2006-2020), 80-row (2018-2020), and 320-row (2014-2020)
systems and, from 2015 onwards, the Aquilion GE Revolution
64-row system (Canon Medical Systems, Inc., Tochigi, Japan).
The hepatosplenic ratio was determined by measuring the av-
erage CT values for the left and right liver lobes and 2 areas of
>2 cm’ in the spleen. A hepatosplenic ratio of <1.12 supports a
diagnosis of fatty liver.”” Among patients with fatty liver diag-
nosed using the above methods, those in whom there was no
other obvious cause, such as viral hepatitis or excessive alcohol
intake (>30 g/day for men, >20 g/day for women), were diag-
nosed as having NAFLD (study 1).*° A recent report suggested
that characteristic NAFLD associated with IBD is more likely to
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be underweight and less prone to lifestyle-related diseases.”
Therefore, we excluded the patients with body mass index
(BMI) of >25 kg/m?* which corresponds to obesity in Japan,”
from subsequent analyses (study 2) to eliminate NAFLD due to
lifestyle-related diseases. Muscle mass was measured at the
level of the third lumbar vertebra (L3) and the iliopsoas muscle
using Core Slicer (a free and open-source web-based interface
that facilitates the measurement of analytic morphomics by cli-

%0 A muscle mass at the L3 level of <42 cm*/m” in

nicians).
men and <38 cm’/m” in women and/or a psoas muscle index
of <6.36 cm’/m”in men and <3.92 cm’/m’ in women support-

. . .31
ed a diagnosis of sarcopenia.

2. Endpoints

The primary endpoint of this study was to evaluate the compli-
cation rate of NAFLD in IBD patients who underwent CT for
some reason. The secondary endpoints were as follows: (1) a
comparison of patient background factors and blood biochem-
istry findings between those with NAFLD and those without
NAFLD; (2) the relationship between the hepatosplenic ratio
and the prognostic nutritional index (PNI) and C-reactive pro-
tein (CRP) level; (3) changes in blood biochemistry findings
between 1 year before CT imaging and the time of CT imaging;
(4) changes in blood biochemistry findings between the time
of CT imaging and 1 year later; and (5) changes in use of ste-
roids and biologic agents after CT imaging.

3. Clinical Parameters

The PNI is an indicator of nutritional status that uses the serum
albumin level and the total lymphocyte count (PNI=10 x albmin
[g/dL]+0.005 x total lymphocyte count [/pL]). It is generally used
as a prognostic tool and for postoperative evaluation.” Patients
without malnutrition have a PNI of 50-60, and those with a
PNI <40 are considered to be undernourished. Although this
definition of PNI is simple, it is widely used for nutritional as-

sessment in various disease areas.”””*

4. Statistical Analysis

Continuous data are presented as the median (range), and
categorical data as the number (percentage) within groups. A
nonparametric Wilcoxon test was used to compare numerical
values between groups. Multivariate analysis of variance
(MANOVA) was used to analyze repeated measures over time
for individuals. All statistical analyses were performed using
JMP 14.2.0 (SAS Institute Inc., Cary, NC, USA). A P-value of
<0.05 was considered to be statistically significant.
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5. Ethical Approval and Consent to Participate

This retrospective study was conducted in accordance with the
relevant guidelines and declarations, including a formal waiver
of informed consent, and was approved by the Fukuoka Uni-
versity School of Medicine, Division of Bioethics in Medical
Research (U21-01-008). For confidentiality and ethical consid-
erations, the retrospective data used encrypted identification
of individuals, and individual identification numbers were

converted using random number strings.

RESULTS

1. Complication Rate of NAFLD in Patients with IBD
and the Number of NAFLD by BMI

A total of 426 patients were diagnosed with IBD at our hospital
during the study period. After exclusion of 330 patients for
whom CT scans were not performed or the age was younger
than 15 years, 96 patients were studied first (study 1) (Fig. 1).
The primary endpoint, the complication rate of NAFLD in pa-
tients with IBD, was examined. Twenty-one (21.9%) of 96 pa-
tients with IBD also had NAFLD. When IBD patients were
charted by a BM], in addition to a normal distribution centered
on BMI of 19 kg/m’, there were some patients with a BMI of 30
kg/m* and when NAFLD patients were similarly examined, a
somewhat irregular but normal distribution centered on BMI
of 17 kg/m* was observed, but apart from this, NAFLD patients
with high BMI values as in IBD were also observed (Fig. 2).
There was no predominant difference in BMI between IBD pa-
tients with and without NAFLD (P=0.684).

426 Patients with IBD

Age< 15 yrand
not took a CT scan (n=330)

A

Study 1 subjects
96 patients took a CT scan

———————  BMI225kg/m’ (n=10)

A,

Study 2 subjects
86 patients

Fig. 1. Diagram showing the patient selection process. A total of
426 patients were diagnosed with inflammatory bowel disease
(IBD) at our hospital between January 2005 and October 2020. Af-
ter exclusion of 330 patients for whom computed tomography (CT)
scans were not available or the age was younger than 15 years and
a further 10 patients with a body mass index (BMI) of >25 kg/m’,
86 patients with a BMI of <25 kg/m’ were enrolled.
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2. Complication Rate of NAFLD in Patients with IBD
and a BMI of <25 kg/m’*

After the exclusion of a further 10 patients with a BMI of >25
kg/m? 86 patients were included in study 2. Eighteen (20.9%)
of the 86 IBD patients with a BMI of <25 kg/m” had NAFLD.
The prevalence of NAFLD was 33.3% in patients in the low
weight range and 16.1% in patients in the healthy weight range
(Table 1).

3. Patient Background Factors and Blood Biochemistry
Findings According to NAFLD Status
Disease location and smoking history were significantly differ-
ent between patients with NAFLD and those without NAFLD.
In addition, only one patient had a stoma. A bivariate analysis
of blood biochemistry findings showed that the platelet count
(P=0.018) and CRP (P<0.001), alanine aminotransferase
(ALT; P=0.018), and y-glutamyl transpeptidase (P=0.034) lev-
els were significantly higher in patients with NAFLD complica-
tions than in those without NAFLD. Albumin (P=0.005), total
cholesterol (P=0.010), and PNI (P=0.002) values were signifi-

18
16 = 1BD
1k = 1BD with NAFLD

No. of patients

1M 121314 1516 17 1819 20 21 22 2324 25 26 27 28 29 30

Body mass index (kg/m’)

Fig. 2. Number of inflammatory bowel disease (IBD) patients
with or without nonalcoholic fatty liver disease (NAFLD) by body
mass index.

Table 1. Number of Patients Who Had Inflammatory Bowel Dis-
ease with and without NAFLD

Without NAFLD With NAFLD All

No. of patients 68 (79.1) 18 (20.9) 86
BMI
<185 kg/m2 16 (66.7) 8(33.3) 24
18.5t0 <25 kg/r‘n2 52 (83.9) 10 (16.1) 62

Values are presented as number (9o).

Bivariate analysis based on nonalcoholic fatty liver disease (NAFLD) status
and body mass index (BMI) showed no clear difference in superiority (P=
0.079).
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Table 2. Background Characteristics of Patients at the Time of CT Imaging

INTESTINAL RESEARCH

Characteristic Without NAFLD With NAFLD P-value
No. of patients 68 18
Age (yr) 32 (15-81) 24 (16-74) 0.208
Sex (male/female) 38/30 12/6 0.409
Drinking history 8(11.8)7° - -
Smoking history 23 (33.8) 1(5.6) 0.017
Height (cm) 163.0 (143.0-186.0) 163.6 (153.5-179.7) 0.364
Body weight (kg) 51.6 (34.5-83.0) 50.0 (38.5-68.9) 0.535
Body mass index (kg/m?) 20.0 (12.0-24.9) 18.8 (14.4-23.8) 0.075
Cb/uc 31/37 10/8 0.451
CD (ileal/colonic/ileocolonic/unknown) 5/9/14/3 0/1/7/2 0.044°
UC (proctitis/left-sided/extensive/unknown) 3/6/19/9 0/0/7/1 0.030°
Use of enteral nutrition 14 (21.2) 2 (11.1) 0.333
Use of steroids 18 (26.9) 2 (11.1) 0.162
Use of biologics 33(49.3) 10 (55.6) 0.635
Untreated 6(8.8) 4(22.2) 0.141
Time from diagnosis to CT scan (mo) 12 (0-191) 1(0-137) 0.058
White blood cells (x 103/pL) 7.3 (3.3-19.1) 8.4 (3.6-19.1) 0.061
Lymphocyte count (/ul) 1,522 (244-3,168) 1,091 (598-1,984) 0.063
Platelets (x 103/pL) 332 (179-585) 397 (182-762) 0.018
C-reactive protein (mg/dL) 1.70 (0.00-38.56) 6.86 (0.58-25.42) <0.001
Albumin (g/dL) 3.5(2.0-4.9) 9(1.6-4.3) 0.005
Total bilirubin (mg/dL) 0.5(0.2-1.7) 4(0.3-2.1) 0.687
Aspartate aminotransferase (U/L) 17 (9-126) 8(12-89) 0.262
Alanine aminotransferase (U/L) 12 (5-388) 20 (7-92) 0.018
Lactate dehydrogenase (U/L) 151 (97-327) 130 (64-300) 0.287
Alkaline phosphatase (U/L) 216 (120-772) 6(119-3,331) 0.628
y-Glutamyl transpeptidase (U/L) 21(9-342) 32 (14-641) 0.034
Triglycerides (mg/dL) 80 (35-323) 77 (53-149) 0.930
Total cholesterol (mg/dL) 150 (82-274) 130 (76-172) 0.010
Prognostic nutritional index 43.2 (25.3-57.6) 35.8 (23.1-48.0) 0.002
Diabetes mellitus 3(4.4) 0 0.364
Muscle mass at the L3 level

Male 46.3 (18.0-68.0) 40.5 (29.2-59.7) 0.430

Female 35.6 (27.2-43.1) 31.9 (26.3-36.5) 0.161
Psoas muscle index

Male 5.41(1.82-9.72) 4.89 (3.34-9.75) 0.41

Female 3.61(2.23-5.87) 3.53 (2.65-4.61) 0.503

Values are presented as median (range) or number (%).

*One with fatty liver.
*lleacolonic or not.
‘Extensive or not.

CT, computed tomography; NAFLD, nonalcoholic fatty liver disease; CD, Crohn's disease; UC, ulcerative colitis.
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cantly lower in patients with NAFLD complications than in
those without NAFLD. There was no significant difference in
the clinical data between these patient groups based on
whether or not they had sarcopenia (Table 2).

4. Relationship between the Hepatosplenic Ratio and
the PNI and CRP Level

Bivariate analysis of the PNIvalue and CRP level was performed
at the timing of CT imaging. Although there was a weak correla-
tion between these 2 parameters and the hepatosplenic ratio
on CT images (R*=0.163 and R*=0.128, respectively), the lower
hepatosplenic ratio was associated with significantly lower PNI
and significantly higher CRP levels (Fig. 3).

QGO—

PNI

20 | | | | |
0.8 1.0 1.2 1.4 1.6
Hepatosplenic ratio
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5. Changes in Blood Biochemistry Findings in 1 Year
before and after CT Imaging

When the MANOVA test was performed on blood biochemis-
try findings at the time of CT imaging and at 6 months and 1
year before CT imaging, the PNI value was significantly lower
in the group with NAFLD complications than in the group
without NAFLD (P<0.05). Although, this test showed a ten-
dency for a high CRP level to be maintained in the group with
NAFLD complications up until the diagnosis was made on CT,
the between-group difference was not statistically significant
(Fig. 4). The MANOVA test on the blood biochemistry findings
at the time of CT imaging and after 6 months and 1 year re-
vealed that the PNI value (P<0.05) and CRP level (P<0.001)

R?=0.128

@ “©f .

CRP (mg/dL)

0.8 1.0 1.2 1.4 1.6
Hepatosplenic ratio

Fig. 3. Bivariate analysis of hepatosplenic ratio and prognostic nutritional index (PNI) and C-reactive protein (CRP) values. (A) Bivariate
analysis using the hepatosplenic ratio and PNI. The correlation was not strong (R*=0.163) but the result was significant at P<0.001. (B) Bi-
variate analysis using the hepatosplenic ratio and CRP. The correlation was not strong (R*=0.128) but the result was significant at P<0.001.

Q 65 — P<0.05
60 |-
55 -
50 |- Iy
45 |-
40
35 |- With NAFLD
30 |
25 ‘

1yrago 6 mo ago At the time of CT scan

Without NAFLD

PNI

G P=0.076

15
= 10
=]
=)
£
o .
5 5L With NAFLD _

Without NAFLD
______ ©
0 @=m===pmottt e
1yrago 6 mo ago At the time of CT scan

Fig. 4. Blood biochemistry findings in the year up to the computed tomography (CT) examination. (A) MANOVA tests were performed based
on the prognostic nutritional index (PNI) values obtained at 1 year before, 6 months before, and at the time of the CT examination. PNI was
significantly worse in the group with fatty liver than in the group without fatty liver (P<0.05). (B) Similarly, MANOVA tests were performed
for C-reactive protein (CRP) levels obtained at 1 year before, 6 months before, and at the time of the CT examination. There was no signifi-
cant change in the CRP level during this time (P=0.076). However, there was a slightly worse trend in the group with fatty liver than in the
group without fatty liver. MANOVA, multivariate analysis of variance; NAFLD, nonalcoholic fatty liver disease.
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Fig. 5. Blood biochemistry findings in the year after the computed tomography (CT) examination. (A) MANOVA test was performed using
the prognostic nutritional index (PNI) values at the time of the CT scan and 6 months and 1 year thereafter. The group with fatty liver
showed a significant improvement in PNI compared with the group without fatty liver (P<0.05). (B) Similarly, a MANOVA test was per-
formed on the C-reactive protein (CRP) level. The group with fatty liver showed a significant improvement in the CRP level compared with
the group without fatty liver (P<0.001). MANOVA, multivariate analysis of variance; NAFLD, nonalcoholic fatty liver disease.

Table 3. Percentages of Treatment Changes after Computed To-
mography Imaging on the Basis of NAFLD Status

Without NAFLD With NAFLD  P-value
No. of patients 59 16
Treatment change, 26 (44.1) 7 (43.8) 0.982

No. (%)

NAFLD, nonalcoholic fatty liver disease.

were significantly improved in the group with NAFLD than
those without NAFLD (Fig. 5).

6. Changes in Use of Steroids and Biologic Agents after
CT Imaging

There was no significant difference in the frequency of increas-

ing the dose or switching from a steroid to a biologic agent af-

ter CT imaging between the group with NAFLD complications

and the group without NAFLD (Table 3).

DISCUSSION

There are few studies of IBD patients who have been diag-
nosed with NAFLD based on CT scan, and this is the first study
to investigate that in the Asian region. Although liver biopsy is
certainly the gold standard for the diagnosis of fatty liver, it is
extremely invasive to perform in IBD patients, and in this re-
gard, CT scans may be performed in some IBD patients for the
purpose of understanding the pathophysiology. Unlike ultraso-
nography, which assesses liver-kidney contrast, fatty liver diag-
nosed by CT imaging uses the hepatosplenic ratio and allows
for more objective assessment.”* Therefore, our present study
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was able to evaluate NAFLD status more accurately than was
possible in previous studies. We first analyzed the complica-
tion rate of NAFLD in all patients with IBD (study 1). We found
that 21 (21.9%) of 96 patients with IBD. In the present study,
these patients were observed not only in the nonobese group
but also in the obese group. This suggests that the mechanism
of NAFLD development in IBD patients is not only due to low
body weight,” but also includes NAFLD associated with com-

mon lifestyle-related diseases.'™

However, IBD patients are
generally considered to have poor nutritional status and it has
been noted that IBD patients with NAFLD have fewer meta-
bolic risk factors,” and weight loss and malnutrition may pro-
mote fat deposition in the liver.”” Therefore, in order to reduce
metabolic risk factors, we limited our evaluation to patients
with BMI <25 kg/m’ (study 2). As the result, the patients with
IBD and a BMI of <25 kg/m* showed almost the same compli-
cation rate of NAFLD (18/86,20.9%) compared to study 1 pop-
ulation. This result is comparable to the previously reported
prevalence of fatty liver disease in IBD patients™ and indicates
that nonobese patients may develop NAFLD as well as obese
patients. Furthermore, the complication rate of NAFLD in the
group that was underweight tended to be higher (8/24, 33.3%)
than that in the group with weight in the healthy range (10/62,
16.1%). These results indicate that NAFLD complications are
more common in IBD patients with poor nutritional status and
also suggest that there may be a difference in the mechanisms
involved in development of NAFLD between that induced by
lifestyle factors such as obesity and that associated with IBD
with a BMI of <25 kg/m®” Furthermore, it is noteworthy that
among the 8 patients who reported alcohol consumption, only
a single individual exhibited signs of fatty liver. It is worth ac-
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knowledging that, typically, individuals who consume alcohol
tend to have a higher prevalence of fatty liver compared to
non-drinkers.” However, it is important to consider the limita-
tions of this study, such as its focus on individuals with a BMI
below 25 kg/m’ and the possibility that the subset of IBD pa-
tients who consumed alcohol may have had milder disease
manifestations and lower levels of inflammation. Surprisingly,
among the 24 patients who reported smoking, only one had
NAFLD. Although the exact reason for this observation re-
mains unclear in this study, previous research has suggested
that smoking may confer a protective effect against disease on-
set in patients with UC." Smoking deters the development and
progression of UC via activation of aryl hydrocarbon receptor."
Although further study is needed to clarify this assumption,
this fact might be related to our results.

In the present study, IBD patients complicated with NAFLD
had a wide disease location and persistent malnutrition and
inflammation from 1 year before CT imaging. Based on this
observation, we put forth the hypothesis that the occurrence
of NAFLD complications in IBD patients was primarily trig-
gered by the malnutrition and inflammation associated with
IBD. Supporting this hypothesis, by continuing the treatment
for IBD, improvement of nutritional status and inflammation
were observed 1 year after CT imaging. Therefore, the persis-
tent malnutrition and inflammation status in IBD patients
with NAFLD may be ameliorated by continued treatment of

42,43

IBD, which may also improve NAFLD.™" In particular, pa-
tients with the total colitis type in UC and ileo-colitis type in
CD are at high risk for NAFLD, and attention should be paid to
their nutritional status to prevent progression to NAFLD.
NAFLD progresses to nonalcoholic steatohepatitis, leading to

cirrhosis or liver cancer."

Recent relevant study had shown a
risk of progression from metabolic-related fatty liver disease to
liver fibrosis in patients with IBD."* Moreover, progression of
NAFLD is an important factor in the development of IFALD,
which is a life-threatening complication in patients with long-
term malnutrition caused by chronic intestinal failure. Early
detection of liver disease is important because it is often as-
ymptomatic until development of late-stage complications.”
Although our study also found an increase in the ALT level
overall, over 85% of all cases were within the normal range,
making it difficult to evaluate potential chronic liver disease or
the early phase of NAFLD using ALT in clinical practice.
Therefore, early diagnosis of NAFLD in patients with IBD by
CT examination may improve the poor prognosis of IBD pa-
tients such as IFALD. Furthermore, our study revealed a corre-
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lation between the PNI and the hepatosplenic ratio. This find-
ing suggests that PNI could potentially serve as a valuable tool
for the early detection of NAFLD in patients with IBD. Howev-
er, it is important to note that further investigations are neces-
sary to validate and expand upon these preliminary findings.
Additional studies are warranted to provide a more compre-
hensive understanding of the relationship between PNI and
NAFLD in IBD patients, and to explore the potential utility of
PNI as a diagnostic marker.

Some reports indicate that a low skeletal muscle mass index
is associated with a risk of NAFLD in both men and women in-
dependent of other well-known risk factors of metabolic syn-

o
drome.**"

In this study in which the iliopsoas muscle mass
was measured at the L3 level on CT images identified sarcope-
nia in 61.1% of patients with IBD and a BMI of <25 kg/m”. This
finding suggests that patients with IBD may have latent nutri-
tional disorders that induce sarcopenia. Therefore, patients
with IBD should be evaluated for current nutritional status and
treated appropriately. In the present study, there was no signifi-
cant difference in the frequency of sarcopenia between pa-
tients with IBD complicated with NAFLD and those without
NAFLD, which we attribute to the high incidence of sarcopenia
and the small number of cases.

This study had at least 3 limitations. First, it had a retrospec-
tive single-center design and included a limited sample size.
Therefore, we were unable to capture some important data
and information, such as weight trends, CT imaging trends,
and severity of IBD. Additionally, it should be noted that we
were only able to determine the precise onset date in month
for a few cases. The information on the onset date in years was
used to evaluate the duration of the condition. However, no
significant difference was found in the duration of IBD based
on the presence or absence of NAFLD (P=0.289). Neverthe-
less, due to the inherent imprecision associated with the broad
12-month timeframe, this paper does not present these find-
ings as conclusive results but rather acknowledges them as
limitations. Furthermore, the study was conducted at a tertiary
care referral center and only included patients in whom CT
was performed, which means that we cannot exclude the pos-
sibility that the underlying disease activity in our patients may
be different from that in patients managed at a less specialized
facility. However, to date, no other Asia study has used CT im-
aging to diagnose fatty liver. This diagnostic method is more
objective and useful than evaluating the contrast between the
liver and kidney on abdominal ultrasonography. Second, treat-
ment for IBD is now being advanced continuously, and meth-
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ods of therapeutic intervention differed depending at the time
of imaging in this study. Therefore, we could not examine the
complication rate of NAFLD in patients with IBD on the basis
of the type of treatment.

Finally, our findings are based on 1 year either side of CT
imaging, and whether they would change during longer-term
follow-up is unknown. Additional studies are warranted in the
future.

In conclusion, long-term malnutrition and inflammation
status in nonobese patients with IBD are associated with the
complication of NAFLD. Diagnosis of NAFLD in patients with
IBD using CT imaging might be useful not only for early detec-
tion of NAFLD but also for assessing the need for therapeutic
intervention for IBD.
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