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Background/Aims: Nutritional status influences quality of life among patients with inflammatory bowel disease (IBD), al-
though there is no clear method to evaluate nutritional status in this setting. Therefore, this study examined whether bioelectri-
cal impedance analysis (BIA) could be used to evaluate the nutritional status of patients with IBD. Methods: We retrospectively
analyzed data from 139 Korean patients with IBD who were treated between November 2018 and November 2019. Patients
were categorized as having active or inactive IBD based on the Harvey-Bradshaw index (a score of >5 indicates active Crohn's
disease) and the partial Mayo scoring index (a score of >2 indicates active ulcerative colitis). BIA results and serum nutritional
markers were analyzed according to disease activity. Results: The mean patient age was 45.11+17.71 years. The study included
47 patients with ulcerative colitis and 92 patients with Crohn’s disease. Relative to the group with active disease (n=72), the
group with inactive disease (n=67) had significantly higher values for hemoglobin (P<0.001), total protein (P<0.001), and
albumin (P<0.001). Furthermore, the group with inactive disease had higher BIA values for body moisture (P=0.047), muscle
mass (P=0.046), skeletal muscle mass (P=0.042), body mass index (P=0.027), and mineral content (P=0.034). Moreover, the
serum nutritional markers were positively correlated with the BIA results. Conclusions: Nutritional markers evaluated us-
ing BIA were correlated with serum nutritional markers and inversely correlated with disease activity. Therefore, we suggest
that BIA may be a useful tool that can help existing nutritional tests monitor the nutritional status of IBD patients. (Intest Res
2022;20:321-328)
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INTRODUCTION

The number of patients with inflammatory bowel disease (IBD)
is increasing worldwide.' Furthermore, increasing Westerniza-
tion of lifestyle has led to increasing prevalence of IBD (includ-
ing ulcerative colitis [UC] and Crohn’s disease [CD]) in Korea

Received February 10, 2021. Revised May 8, 2021. Accepted May 24, 2021.
Correspondence to You Sun Kim, Department of Internal Medicine, Seoul
Paik Hospital, Inje University College of Medicine, 9 Mareunnae-ro, Jung-gu,
Seoul 04551, Korea. Tel: +82-2-2270-0012, Fax: +82-2-2270-0257, E-mail:
yousunk69 @korea.com

© Copyright 2022. Korean Association for the Study of Intestinal Diseases.

and other Asian countries.”" Cases of IBD involve chronic in-
flammation and ulcers in the small bowel and colon, with re-
peated cycles of improvement and recurrence.” Therefore,
malnutrition is common among IBD patients and is affected
by various factors, including poor food choices, malabsorption,
and disease activity.”” Nutritional management has very im-

112 and is tradi-

portant effects on the patient’s quality of life,
tionally evaluated using blood tests, the Malnutrition Univer-
sal Screening Tool, and the Mini-Nutritional Assessment."” How-
ever, there is no clear way to monitor the nutritional status of

IBD patients.
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Bioelectrical impedance analysis (BIA) is a simple and non-
invasive test (unlike blood testing) that can be used to evalu-
ate the physical condition of the human body."*"* This test can
be used to evaluate various aspects of the body based on the
resistance encountered when a small electrical current passes
from the measuring device through the body. This strategy re-
lies on the principle that the electric current encounters less
resistance in muscles with substantial water content and great-
er resistance in fat tissues with low water content.” Common-
ly measured parameters include body mass index (BMI), body
moisture, muscle mass, skeletal muscle mass, body fat, and
minerals. Thus, BIA is an important part of nutritional evalua-
i on,m'"
tients with IBD.
nutritional status of IBD patients using blood tests and BIA,

although only a few studies have evaluated BIA in pa-

"9 The present study aimed to evaluate the

with analyses stratified according to disease activity, and to
determine whether the results from the blood tests and BIA
were correlated.

METHODS

1. Patients

This retrospective study evaluated the medical records of 139
patients (including outpatients and inpatients) with IBD who
tested the BIA between November 2018 and November 2019.
Patients were excluded if they had a history of disease that
might affect nutritional status, such as chronic kidney disease
(CKD) and heart failure (HF). Cases of CKD were identified
based on a glomerular filtration rate of <60 mL/min/1.73 m’,
outpatient treatment for CKD, or use of hemodialysis or peri-
toneal dialysis for CKD. Cases of HF were identified based on
outpatient treatment for HF or echocardiography results that
indicated systolic or diastolic heart dysfunction. Patients were
considered eligible if they underwent blood testing and BIA
within a 14-day period, and patients were excluded if there was
an interval of > 14 days between the 2 tests. Data were collect-
ed regarding clinical features, laboratory results, and BIA re-
sults. The study’s retrospective protocol was approved by the
Institutional Review Board of Seoul Paik Hospital (IRB No.
2020-02-006-001), which waived the requirement for in-
formed consent.

2. Nutritional Markers

Nutritional status was evaluated using extensive BIA and tra-
ditional blood-based biochemical markers. The blood tests
evaluated serum concentrations of protein, albumin, hemo-
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globin, cholesterol, triglycerides, and C-reactive protein (CRP),
as well as the erythrocyte sedimentation rate (ESR). The BIA
was performed using an INBODY 770 device (InBody Co. Ltd,,
Seoul, Korea), which measured BMI, body fat percentage, skel-
etal muscle mass, body moisture, muscle mass, mineral con-
tent, and body fat. The muscles of the human body are largely
divided into 3 types such as the myocardium that makes up
the heart wall, the visceral muscle related to visceral move-
ment, and the skeletal muscle that moves the body by attach-
ing to the bones. Muscle mass is the amount of muscle that
contains myocardium, visceral muscle, and skeletal muscle.

3. Disease Activity

The patients were classified as having active or inactive dis-
ease, and the nutritional markers were compared according
to disease activity status. Disease activity was assessed using
the partial Mayo score and Harvey-Bradshaw index (HBI) for
UC and CD, respectively. The partial Mayo score includes re-
ported stool frequency, presence of rectal bleeding, and a glob-
al assessment of the physician. A partial Mayo score of 2 or
higher was defined as active UC.*’ The HBI includes general
well-being, number of liquid stools per day, abdominal pain,
abdominal mass, and complications. An HBI score of 5 or high-
er was defined as active CD.*

4. Statistical Analysis

The values for each item were compared between the active
and inactive groups. Analyses were performed using the inde-
pendent samples -test, Levene test, and bivariate correlation
analysis. Levene test was used to check whether each group
satisfies the equal variance. Independent samples #-test was
used to compare the results of the active group and the inac-
tive group. The bivariate correlation (Pearson) analysis was
used to determine the correlation of each nutritional marker.
The confidence interval (CI) was considered statistically sig-
nificant when the 95% CI was satisfied. Differences were con-
sidered statistically significant at a P-value of <0.05. All analy-
ses were performed using SPSS software version 25.0 (IBM
Corp., Armonk, NY, USA).

RESULTS
1. Patient Characteristics
A review of the medical records identified 146 patients with

IBD, although 7 patients were excluded because of CKD (4 pa-
tients), HF (1 patient), or a > 14-day interval between the blood
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testing and BIA (2 patients). Thus, the study evaluated data
from 139 patients (mean age, 45.11+17.71 years; range, 16-85
years), including 47 patients with UC and 92 patients with CD
(Fig. 1). The UC patients included 21 patients with extensive
colitis, 8 patients with left-sided colitis, and 18 patients with
proctitis. The CD patients included 38 patients with inflam-
matory behavior (Montreal classification B1), 54 patients with
stricturing behavior (Montreal classification B2), and 0 patient
with penetrating behavior (Montreal classification B3). Rela-
tive to patients with active disease (n=72), patients with inac-
tive disease (n=67) had higher values for hemoglobin (P<0.001),
total protein (P<0.001), and albumin (P<0.001). No significant
differences were observed for cholesterol and triglyceride con-
centrations (Table 1).

2. Bioelectrical Impedance Analysis Results

BIA revealed that the patients with inactive disease had signifi-
cantly higher values for body moisture (P=0.047), muscle mass
(P=0.046), skeletal muscle mass (P=0.042), BMI (P=0.027), and
mineral (P=0.034). However, there were no significant inter-
group differences in terms of body fat and body fat percentage
(Table 2).

‘ 146 Total patients ‘

Exclude
4 CKD

1 HF

5 Patients have the past history
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3. Correlations between the Different Variables

Positive correlations were observed between various blood-
based nutritional markers, including hemoglobin, total pro-
tein, albumin, and cholesterol concentrations. Furthermore,
the nutritional markers were negatively correlated with the in-
flammatory markers (ESR and CRP). The ESR was negatively
correlated with hemoglobin level (Pearson correlation coeffi-

Table 1. Baseline Characteristics of Patients with Inflammatory
Bowel Disease

Characteristic I{::g;; (,:c;cglze) P-value®
Age (yr) 48.55+17.35 4190+ 17.56 0.026

Range 17-78 16-85
Sex

Female 22 (15.8) 31(22.3)

Male 45 (32.3) 41 (29.5)
Disease

uc 18 (12.9) 29 (20.9)

CcD 49 (35.3) 43 (30.9)
Hemoglobin (g/dL) 14.20+1.48 13.07+1.58 <0.001
Total protein (g/dL) 7.60+0.44 7.18+0.69 <0.001
Albumin (g/L) 4.46+0.27 4.05+0.44 <0.001
Cholesterol (mg/dL) 183.73+£33.80 172.38+40.89 0.095
Triglyceride (mg/dl) ~ 153.65+ 13549  129.56+46.70 0.244
ESR (mm/hr) 17.73+13.80 31.13£20.45 <0.001
CRP (mg/dL) 0.26+0.20° 1.63+£291° <0.001

141 Patients for which data
review was conducted

Exclude
or more between the 2 tests

2 Patients with a difference of 14 days ‘

139 Patients whose medical records
were used in the study

67 Inactive group 72 Active group

patients

patients

‘ 18 UC H 49CD H

29 UC 43 CD
patients patients ‘ ‘ ‘

patients patients

Fig. 1. Flowchart of the selection process for research subjects
among inflammatory bowel disease patients. CKD, chronic kidney
disease; HF, heart failure; UC, ulcerative colitis; CD, Crohn's disease.

www.irjournal.org

Values are presented as mean +standard deviation or number (%o).
°Statistically significant, P<0.05.

*Median (interquartile range), 0.2 (0.1-0.3).

‘Median (interquartile range), 0.4 (0.1-1.2).

UC, ulcerative colitis; CD, Crohn’s disease; ESR, erythrocyte sedimentation
rate; CRP, C-reactive protein.

Table 2. Bioelectrical Impedance Analysis Results of Patients with
Inflammatory Bowel Disease

Inactive Active

Item (n=67) (n=72) P-value®
Body mass index (kg/m?)  23.63+3.82 22.23+3.53 0.027
Body moisture (L) 35.69+7.72 33.18+7.72 0.047
Muscle mass (kg) 4585+9.98 42.60+893 0.046
Skeletal muscle mass (kg) 26.90+6.41 2477 +574 0.042
Mineral (kg) 3.30+0.69 3.07+0.60 0.034
Body fat (kg) 17.26+8.28 15.69+6.34 0.212

Values are presented as mean £ standard deviation.
°Statistically significant, P<0.05.
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Fig. 2. The level of hemoglobin showed good correlation with the nutritional factors of bioelectrical impedance analysis. (A) Correlation
between hemoglobin and body moisture (r=0.396; 95% Cl, 0.258-0.527; P<0.001). (B) Correlation between hemoglobin and muscle mass
(r=0.400; 95% Cl, 0.262-0.530; P<0.001). (C) Correlation between hemoglobin and skeletal muscle mass (r=0.412; 95% Cl, 0.277-0.539;
P<0.001). (D) Correlation between hemoglobin and mineral (r=0.319; 95% Cl, 0.187-0.348; P<0.001). r, Pearson correlation coefficient;

Cl, confidence interval. Statistically significant, P<0.05.

cient, r=-0.288; 95% CI, -0.429 to -0.142; P=0.001), and albu-
min level (r=-0.251; 95% CI, -0.411 to —0.094; P=0.005). CRP
was negatively correlated with albumin level (r=-0.190; 95%
CI, -0.327 to —0.034; P=0.026), and cholesterol level (r=-0.175;
95% CI, —0.282 to —0.094; P=0.049). Positive correlations were
observed between various BIA items, including BMI, mineral,
skeletal muscle mass, muscle mass, and body fat. In addition,
the blood-based nutritional markers (hemoglobin, total pro-
tein, and albumin) were positively correlated with various BIA
results (body moisture, muscle mass, skeletal muscle mass,
and mineral content) (Figs. 2-4).

DISCUSSION
Malnutrition has negative effects on IBD patients and can re-
duce their quality oflife.”**’ Therefore, nutritional management

is very important for IBD patients, although traditional evalua-
tion methods involve blood tests and questionnaires, which
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are limited by cost, invasiveness, and complex process. Recent
studies have evaluated whether body composition testing can
supplement the traditional blood tests and questionnaires in
this setting” The present study aimed to expand on that re-
search by using BIA to evaluate a larger number of parame-
ters, relative to previous studies. The results indicate that BIA
is a reliable way to evaluate nutritional status, as the results
were correlated with the results from the traditional blood-
based testing. In this context, BIA can be used to evaluate pa-
tients with CKD, HE and IBD**** and the results are gradually
being accepted to guide the medical treatment of these pa-
tients. Based on our results, BIA appears to be a simple and
useful technique for evaluating the nutritional status of patients
with IBD.

The present study revealed that patients with inactive dis-
ease had significantly elevated serum nutritional markers (he-
moglobin, albumin, and total protein), which agrees with pre-
viously reported results.””** These markers are useful for evalu-

www.irjournal.org



INTESTINAL RESEARCH

Qeo— .« e

50 o .

Body moisture (L)

5.5 6.0 6.5 7.0 7.5 8.0 8.5
Total protein (g/dL)

@

Skeletal muscle mass (kg)

5.5 6.0 6.5 7.0 7.5 8.0 8.5
Total protein (g/dL)

https://doi.org/10.5217/ir.2021.00022 « Intest Res 2022;20(3):321-328

80

©

Muscle mass (kg)

20

5.5 6.0 6.5 7.0 75 8.0 8.5
Total protein (g/dL)

©

5 -
B,
© 4
<
=
=

55 6.0 6.5 7.0 75 8.0 8.5
Total protein (g/dL)

Fig. 3. The level of total protein showed good correlation with the nutritional factors of bioelectrical impedance analysis. (A) Correlation
between total protein and body moisture (r=0.265; 95% Cl, 0.127-0.403; P=0.002). (B) Correlation between total protein and muscle
mass (r=0.268; 95% Cl, 0.130-0.404; P=0.002). (C) Correlation between total protein and skeletal muscle mass (r=0.274; 95% Cl, 0.138-
0.406; P=0.001). (D) Correlation between total protein and mineral (r=0.214; 95% Cl, 0.081-0.348; P=0.013). r, Pearson correlation coef-

ficient; Cl, confidence interval. Statistically significant, P<0.05.

ating a patient’s nutritional status, although blood testing is in-
vasive and often expensive, which makes it undesirable for
frequent testing. In contrast, BIA is a simple, rapid, and non-
invasive testing method that might be useful for frequent test-
ing. In addition, disease activity was associated with significant
differences in the BIA results. Diarrhea is the main symptom
of active IBD and causes dehydration, which leads to lower

% which can influence the results of BIA.

body water values,
Furthermore, active IBD is associated with poor nutrient ab-
sorption and metabolism, because of the excessive inflamma-
tory reactions, which might explain our observation that pa-
tients with active disease had significantly lower values for min-
eral content, muscle mass, skeletal muscle mass, and BML*"*
Moreover, the present study also confirmed that the BIA re-
sults were significantly correlated with the traditional blood-
based nutritional markers. The current guidelines for monitor-
ing patients with IBD recommend laboratory testing (e.g, CRP

as an inflammatory marker) to understand the patient’s con-

www.irjournal.org

dition,” and some studies have also indicated that protein, al-
bumin, and cholesterol levels are useful for guiding the man-
agement of IBD patients.””* Therefore, BIA correlates with nu-
tritional indicators of blood tests, and has the advantage of be-
ing simple, rapid, and non-invasive, so it can be useful in eval-
uating the nutritional status of IBD patients if used in conjunc-
tion with the existing evaluation. It is expected that for IBD pa-
tients like CKD patients, BIA will be helpful in predicting the
current state of the patient by comparing the current value
with the previous value in the future. This combined strategy
may permit more objective and effective management of pa-
tients with IBD.

The present study has several limitations. First, this retro-
spective study only included a small number of patients in a
single center. Second, we could not evaluate the correlations
between the BIA results and results from commonly used ques-
tionnaires, such as the Malnutrition Universal Screening Tool
and the Mini-Nutritional Assessment.
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Fig. 4. The level of albumin showed good correlation with the nutritional factors of bioelectrical impedance analysis. (A) Correlation be-
tween albumin and body moisture (r=0.226; 95% Cl, 0.075-0.368; P=0.008). (B) Correlation between albumin and muscle mass (r=0.230;
959 Cl, 0.077-0.370; P=0.007). (C) Correlation between albumin and skeletal muscle mass (r=0.242; 95% Cl, 0.088-0.382; P=0.005). (D)
Correlation between albumin and mineral (r=0.185; 95% Cl, 0.048-0.321, P=0.031). r, Pearson correlation coefficient; Cl, confidence in-

terval. Statistically significant, P<0.05.

In conclusion, BIA was useful for evaluating the nutritional
status of IBD patients, and the results were significantly differ-
ent according to disease activity status. Thus, this test may be
useful for evaluating nutritional status and IBD activity, and
might complement the traditional evaluation methods, such
as blood tests and questionnaires. Therefore, BIA may be a
useful tool that can help existing nutritional tests which moni-
tor the nutritional status of IBD patients.
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