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Abstract

Background Many patients with ulcerative colitis (UC) gain weight after treatment. However, the clinical significance
of weight gain in these patients remains unclear. This study aimed to evaluate body weight changes after treatment
in patients newly diagnosed with moderate-to-severe UC and their effects on patients’ prognosis.

Methods The change in weight between diagnosis and 1 year after treatment in 212 patients enrolled in the MOSAIK
cohort (mean age, 40 years; males, 60%) was analyzed. Significant weight gain was defined as a weight increase

of > 5% from the baseline at 1 year. Factors associated with significant weight gain and the effect of significant weight

gain on the risk of major adverse outcomes (clinical relapse, hospitalization, and new use of steroids or biologics) dur-

ing a follow-up period of 20 months were evaluated.

Results Mean weight gain at 1 year was 1.7 £4.2 kg. The proportion of overweight/obese patients increased by 9.0%
from 37.9% to 46.9%. Thirty-two percent had significant weight gain; extensive colitis at diagnosis was the only factor
associated with significant weight gain (odds ratio 6.5, 95% confidence interval 1.4-31.0, p=0.006). In multivariable
analysis, significant weight gain was not associated with the risk of major adverse outcomes. Weight loss symptoms
at diagnosis were associated with an increased risk for new steroid use after 1 year.

Conclusions Approximately one-third of patients with moderate-to-severe UC had significant weight gain
after 1 year of treatment. However, significant weight gain was not associated with the patient’s prognosis.

Keywords Ulcerative colitis, Weight gain, Risk factors

*Correspondence:

Young Soo Park

dkree@snubh.org

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-023-03008-7&domain=pdf

Yoon et al. BMC Gastroenterology (2023) 23:405

Background

Many studies have investigated the correlation between
inflammatory bowel disease (IBD) and obesity. First, sev-
eral studies have reported that obesity increases the risk
of Crohn’s disease but is not related to the risk of ulcera-
tive colitis (UC) [1, 2]. Second, among patients already
diagnosed with IBD, obesity generally has adverse effects
on the course of IBD [3, 4]. Obesity in patients with
IBD has been known to increase the risk of postopera-
tive infection and hospitalization [4, 5]. However, some
conflicting results have been reported regarding whether
obesity increases the risk of treatment failure [6, 7].

Weight gain is different from obesity. Obesity is an
excessive fat accumulation that presents a health risk
and is a static condition. In contrast, weight gain is a
dynamic condition. Because many patients with IBD have
significant weight loss before diagnosis, [8] weight gain
after treatment of IBD does not necessarily mean obe-
sity. Although many IBD patients complain of unwanted
excess weight gain after treatment, the clinical meaning
of weight gain during the treatment of IBD is unclear.
Studies on weight gain and its effects on IBD’s natural
course have been mainly conducted in children [9]. Only
a few studies have been performed in adults, usually
regarding patients taking anti-TNF agents [10, 11]. A few
studies have followed up patients for over a year.

Given this background, first, this study aimed to evalu-
ate changes in body weight over 1 year in patients newly
diagnosed with moderate-to-severe UC and to analyze
factors associated with significant weight gain. Second,
we evaluated whether significant weight gain within 1
year after diagnosis affects adverse clinical outcomes
regarding clinical relapse, UC-related hospitalization,
and new use of steroids or biologics.

Methods

Patients

We analyzed the change in weights between diagno-
sis and 1 year after treatment in patients enrolled in the
MOSAIK cohort. The MOSAIK cohort was a nationwide,
multicenter, prospective, hospital-based, observational
cohort of patients with newly diagnosed moderate-to-
severe UC who were recruited from 30 academic tertiary
hospitals in Korea [12]. Patients who satisfied the follow-
ing criteria were included in the cohort: (1) newly diag-
nosed with moderate-to-severe UC aged 7 years or older,
(2) diagnosed at a tertiary referral hospital within 4 weeks
from the visit or diagnosed at a primary or secondary
referral hospital with subsequent confirmation by a ter-
tiary center within 8 weeks; and (3) agreed with informed
consent. In the MOSAIK cohort study, data on age, sex,
height, weight, disease extent at baseline, disease activ-
ity at diagnosis and follow-up years, smoking history,
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extraintestinal manifestations, major clinical outcomes
including clinical relapse, UC-related hospitalization,
new use of steroids and biologics, and medication use for
UC treatment were collected. Among 368 patients who
were enrolled in the MOSAIK cohort between August
2014 and February 2017, 156 patients were excluded for
the following reasons: not meeting the inclusion criteria
(N=14), age<17 years (N=5), and unavailable data on
body weight at baselines and 1 year (N=137). Finally, 212
patients (mean age, 40 years; 60% men) were included
in the analysis. This study was conducted in accordance
with the Declaration of Helsinki and approved by the
institutional review boards of all participating hospitals
(Seoul National University Bundang Hospital, approval
number: B-1402/240-005). Written informed consent
was obtained from all the participants and the data used
in this study was anonymized before its use. This study
was registered at www.clinicaltrials.gov in 01/09/2014
(ClinicalTrials.gov identifier: NCT02229344).

Definitions

Body weight data were collected at baseline and 1 year
after UC diagnosis. Body weight was classified as under-
weight (body mass index (BMI)<18.5 kg/m?), nor-
mal (18.5 kg/m?<BMI <23 kg/m?), overweight (23 kg/
m?<BMI<25 kg/m?, and obese (BMI>25 kg/m?
according to the guideline for the management of obe-
sity by the Korean Society for the Study of Obesity [13].
Significant weight gain (SWG) was defined as a weight
increase of>5% from baseline 1 year after diagnosis,
and patients were divided into the SWG and non-SWG
groups. We used age, sex, disease extent, disease activ-
ity, weight loss, smoking history, extraintestinal mani-
festations, and initial systemic steroid use as clinical
characteristics at diagnosis. We also used disease activity,
number of relapses, and exposed medications (systemic
steroid, immunomodulators, biologics) as clinical char-
acteristics at 1 year. Disease activity was defined using
the partial Mayo Clinic score (PMS) as follows: remission
(PMS 0-1), mild (PMS 2-4), moderate (PMS 5-7), and
severe (PMS 8-9). Medications administered within 4
weeks of diagnosis were defined as the initial treatment.
In addition, we analyzed the potential factors associated
with significant weight gain within 1 year after diagno-
sis and those associated with adverse clinical outcomes,
including clinical relapse, UC-related hospitalization,
and new use of steroids or biologics. Clinical relapse
was defined as an increase in PMS of>3 points from
clinical remission or partial response. Clinical remission
was defined as a PMS of <2 points with no individual
sub-score>1 point, and clinical response was defined as
a decrease in PMS of>2 points and>30% from base-
line PMS, plus either a reduction in the rectal bleeding
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sub-score of > 1 point or an absolute rectal bleeding sub-
score of 0 or 1 [14, 15].

Statistical analysis

Descriptive statistics for continuous variables were
presented as means with standard deviations, and cat-
egorical variables were presented as frequencies with
percentages in parentheses. To compare the variables
between SWG and non-SWG groups, we used the Stu-
dent’s ¢-test or the Mann—Whitney U-test for continuous
variables and the Pearson’s Chi-squared test or Fisher’s
exact test for categorical variables, where appropriate.
Logistic regression analysis was used to assess factors
associated with significant weight gain one year after
diagnosis. Each factor’s effect on significant weight gain
was expressed as an odds ratio (OR) with 95% confidence
intervals (CI). Cox proportional hazards model was used
to assess the effect of significant weight gain one year
after diagnosis on adverse clinical outcomes. The effects
of clinical variables on adverse clinical outcomes were
expressed as hazard ratios (HRs) with 95% CI. For mul-
tivariable logistic regression and Cox proportional haz-
ards analyses, variables with a p-value<0.1 in univariate
analysis were included. Age and sex were used as primary
covariates in multiple models, regardless of p-values.
Also, a comparison of adverse clinical outcomes between
SWG and non-SWG groups one year after diagnosis was
assessed using Kaplan—Meier survival analysis with the
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log-rank test. We used all observed values for all analyses
without any imputations. All analyses were performed
using the SAS software (version 9.4; SAS Institute Inc.,
Cary, NC, USA). Two-sided p-values less than 0.05 were
considered statistically significant.

Results

Figure 1 shows a histogram of the weight changes in
the study population 1 year after diagnosis. The mean
weight gain in these patients was 1.7 kg (standard devia-
tion, 4.2) at 1 year. Median weight gain was 1.0 kg (range,
-9.5-16.0). Table 1 shows the categorized weight changes
in the study population 1 year after diagnosis. Thirty-two
percent (68/212) had significant weight gain 1 year after
diagnosis. The proportion of overweight/obese patients
increased by 9.0% from 37.9% to 46.9%. Table 2 shows the
clinical characteristics of the study population. Approxi-
mately 20% (43/212) of patients experienced weight loss
at diagnosis. About 50% (107/212) of the patients were
administered steroids as their first treatment. Among
the 26 biologics users, only one in the non-SWG group
was treated with vedolizumab, and all others were treated
with anti-TNF agents. Patients who gained weight had a
more extensive disease at diagnosis. In posthoc compari-
sons, patients in the SWG group had significantly more
extensive colitis than those in the non-SWG group (proc-
titis vs. extensive colitis: p=0.0047, left-sided colitis vs.
extensive colitis: p=0.0120). Patients in the SWG group
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Fig. 1 Histogram of weight change in patients with moderate-to-severe ulcerative colitis during 1 year after diagnosis
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Table 1 Body weight change over 1 year in patients newly diagnosed as moderate-to-severe ulcerative colitis

At diagnosis Total (%)
Underweight Normal Overweight Obese
At 1 year
Underweight 9 3 0 0 12 (5.7)
Normal 8 86 5 1 100 (47.4)
Overweight 0 18 26 0 44 (20.9)
Obese 0 7 15 33 55 (26.1)
Total (%) 17 (8.1) 114 (54.0) 46 (21.8) 34(16.1) 211 (100) ®

2 One patient had missing height at baseline

Table 2 Clinical characteristics of the patients with moderate-to-severe ulcerative colitis 1 year after diagnosis

Variables, n (%) Non-SWG group SWG group P-value
N=144 N=68
Age (years), mean (SD) 40.1 (16.14) 389 (14.66) 0.720
<40 75 (52.1) 38 (55.9) 0.605
>40 69 (47.9) 30 (44.1)
Sex 0.704
Male 85 (59.0) 42 (61.8)
Female 59 (41.0) 26 (38.2)
Disease extent at diagnosis 0.003
Proctitis 18 (12.9) 2 (3.0
Left-sided colitis 75 (53.6) 27 (40.9)
Extensive colitis 47 (33.6) 37 (56.1)
Disease activity at diagnosis® 0.168
Moderate 135 (93.8) 60 (88.2)
Severe 9 6.3) 8 (11.8)
Weight loss at diagnosis 27 (18.8) 16 (23.5) 0419
Smoking history at diagnosis 0.276
Never 71 (50.7) 36 (53.7)
Past 60 (42.9) 23 (34.3)
Current 9 (6.4) 8 (11.9)
EIMs at diagnosis 1.000
No 132 (94.3) 64 (95.5)
Yes 8 (5.7) 3 (4.5)
Disease activity at 1 year® 0.013
Remission 75 (52.4) 51 (75.0)
Mild 50 (35.0) 12 (17.6)
Moderate 16 (11.2) 5 (7.4)
Severe 2 (14) 0 (0.0)
Number of relapses during the 1 year, mean (SD) 0.7 (0.73) 0.4 0.71) <0.001
Initial systemic steroid use 68 (47.2) 39 (57.4) 0.169
Exposed medication during the 1 year
Topical and/or systemic 5-ASA 144 (100.0) 68 (100.0) -
Systemic steroid 90 (62.5) 47 (69.1) 0347
Immunomodulators 46 (31.9 22 (32.4) 0.953
Biologics 21 (14.6) 5 (7.4) 0.134

EIMs extraintestinal manifestations, SD standard deviation, SWG significant weight gain, 5-ASA 5-aminosalisylic acid
2 Full Mayo clinic score
b partial Mayo clinic score
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had fewer relapses (0.7 vs. 0.4, p <0.001). In addition, they
had lower disease activity at 1 year (remission:52.4% vs.
75%, p=0.013). In multivariable analysis, extensive coli-
tis at diagnosis was the only factor associated with sig-
nificant weight gain at 1 year (OR 6.5, 95% CI 1.4-31.0,
p=0.006) (Table 3).

During the mean 20 months of follow-up 1 year after
diagnosis, among major adverse outcomes (clinical relapse,
hospitalization, new use of steroids, and biologics), only
the risk of hospitalization was lower in patients with sig-
nificant weight gain than in those without (log-rank test,
p=0.037) (Fig. 2). However, significant weight gain 1 year
after diagnosis was not associated with the risk of major
adverse outcomes in the multivariable analysis (Supple-
mentary Tables S1-4). Only the number of relapses during
the first year was associated with both relapse and hospi-
talization (Supplementary Tables S1 and S2). Weight loss
symptoms at diagnosis were associated with an increased
risk of new steroid use after 1 year (HR 2.8, 95% CI 1.1-
7.0, p=0.026) (Supplementary Table S3). Age over 40, dis-
ease activity at 1 year, and exposure to systemic steroids
during the first year were associated with an increased risk
for new biologic use (Supplementary Table S4).
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Discussion

In this study, 32.1% of patients diagnosed with mod-
erate-to-severe UC had significant weight gain 1 year
after diagnosis. In addition, during 1 year of treatment,
the proportion of overweight/obese patients increased
by 9.0%. According to a study in the United States, the
proportion of overweight and obese patients with UC
has increased by 2-3 times over the past 40 years [4].
Although no study in Korea has analyzed the trend of
obesity focused on IBD patients, it is estimated that
the proportion of overweight and obese IBD patients
is gradually increasing in IBD patients as in studies
conducted on the entire Korean population [16]. The
patients with an overweight/obese ratio of 37.9% at
diagnosis in this study were not different from the data
of the general population with a similar age group in
Korea [16]. Because the proportion of obese patients in
IBD patients is already not low, a 9% additional change
to the overweight/obese group after treatment of UC is
considered clinically significant. Since being overweight
or obese is a major risk factor for metabolic disorders
and adversely affects a patient’s overall health, more
attention should be paid to this issue.

Table 3 Factors associated with significant weight gain over 1 year after diagnosis of moderate-to-severe ulcerative colitis

Variable Reference  Univariable analysis Multivariable analysis
Odds Ratio  95% CI P-value OddsRatio 95%ClI P-value
Lower Upper Lower Upper

Age group (years) >40 <40 0.858 0481 1.532 0.605 0.904 0481 1.699 0.754
Female Male 0.892 0494 1.611 0.704 0.983 0.509 1.898 0.959
Disease extent at diagnosis

Left-sided colitis Proctitis 3.240 0.705 14.898  0.661 3.243 0.689 15255  0.598

Extensive colitis 7.085 1.545 32494 0.002 6.502 1.363 31.022  0.006
Disease activity at diagnosis®

Severe Moderate 2.000 0.736 5436 0.174 - - - -
Weight loss at diagnosis=VYes No 1.333 0.663 2.683 0420 - - - -
Smoking history at diagnosis

Past Never 0.756 0.404 1414 0.120 - - -

Current 1.753 0.624 4927 0.170 - - - -
EIMs at diagnosis=Yes No 0.773 0.199 3.014 0.711 - - - -
Disease activity at 1 year=Non-remission®  Remission  0.368 0.194 0.697 0.002 0492 0.227 1.069 0.073
Number of relapses during the 1 year - 0.525 0.331 0.831 0.006 0.683 0401 1.164 0.161
Initial systemic steroid use=VYes No 1.503 0.840 2.688 0.170 - - - -
Exposed medication during the 1 year

Systemic steroid =Yes No 1.343 0.726 2484 0.348 - - -

Immunomodulators=Yes No 1.019 0.550 1.889 0.953 - - - -

Biologics=VYes No 0.465 0.167 1.291 0.142 - - -

Cl confidence interval, EIMs extraintestinal manifestations

2 Full Mayo clinic score

b partial Mayo clinic score
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Fig. 2 Outcome in patients with moderate-to-severe ulcerative colitis according to weight-gain at 1 year after diagnosis

The proportion of patients who had significant
weight gain 1 year after diagnosis (32.1%) was 12%
higher than that of patients who lost weight at diag-
nosis (20.3%). Therefore, a significant proportion of
patients have gained more weight. There are several
explanations for weight gain in IBD patients. After
treatment, an increase in appetite due to improve-
ment in systemic symptoms and subsequent increase
in food intake can cause recovery from weight loss
and body weight gain. Decreased levels of inflamma-
tory cytokines, which induce catabolism, play a role.
Finally, side effects of the drugs used for treating UC
are also possible. Approximately half of the patients
in this study used systemic steroids as their first treat-
ment, and weight gain is a common adverse effect of
steroids. In addition, there are reports that anti-TNF
agents also cause weight gain [17]. However, in the
multivariate analysis, the use of steroids or anti-TNF
agents was not significantly associated with weight

gain. Meanwhile, extensive colitis at diagnosis was the
only factor associated with significant weight gain at
one year, and the OR (6.387) was quite high. Therefore,
the degree of initial inflammatory burden and its suc-
cessful control are more related to weight gain after
treatment than the effect of the types of drugs used in
patients with moderate-to-severe UC.

In this study, significant weight gain 1 year after diag-
nosis was not associated with the risk of major adverse
outcomes in multivariable analysis. Meanwhile, weight
loss symptoms at diagnosis were associated with an
increased risk of new steroid use after 1 year. It is not
easy to compare with the existing literature because
studies with similar designs are lacking. However,
unlike obesity at diagnosis in UC patients, weight gain
after treatment does not seem to adversely affect the
course of the disease [6]. However, since obesity harms
overall health and elevated liver enzyme levels due to
the development of non-alcoholic fatty liver disease can
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affect drug use, patients should be informed that main-
taining an appropriate weight is essential.

This study has several strengths. We analyzed
whether the degree of weight gain one year after diag-
nosis, not the time of diagnosis, influenced the course
of the disease. In addition, this study used prospectively
collected data from multiple institutions. However, our
study has some limitations. First, since we did not col-
lect data about waist circumference, we could not eval-
uate abdominal obesity. Visceral adiposity in patients
with IBD has been reported to increase the risk of los-
ing response to anti-TNF agents [18]. Second, unlike
weight gain, weight loss at the time of diagnosis was
analyzed by the patient’s subjective answers through a
questionnaire without a clear definition. In addition, on
the answer sheet, there were only two simple choices,
‘ves’ or ‘no. Therefore, we could not collect data on
how much weight each patient lost. Finally, although
we suggest that weight gain after treatment in patients
with UC would induce non-alcoholic fatty liver disease
because we did not collect data about liver function
tests, we cannot confirm this assumption.

In conclusion, approximately one-third of the patients
with moderate-to-severe UC had significant weight gain
after 1 year of treatment. However, weight gain in these
patients was not associated with the risk of major adverse
outcomes. Therefore, clinicians may be able to reas-
sure patients with UC that weight gain after treatment
does not affect the course of the disease adversely. More
research is needed to evaluate the long-term effect of
weight gain after treatment for UC on overall health.
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