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Impact of body mass index on clinical outcomes in intestinal Behget’s disease

Background & Method Results
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Background/Aims: The impact of body mass index (BMI) on the clinical outcomes of intestinal Behcet's disease (BD) re-
mains unclear. This study assessed the association between BMI and disease progression.

Methods: A retrospective analysis of 760 patients with intestinal BD was conducted. Patients were classified by BMI as un-
derweight (< 18.5 kg/m?), normal (18.5-22.9), overweight (23.0-24.9), or obese (> 25.0). The association between BMI and
clinical outcomes—biologics, surgery, hospitalization, and emergency visits—was examined.

Results: Among 760 patients, 130 (17.1%) were underweight, 384 (50.5%) normal, 152 (20.0%) overweight, and 94 (12.4%)
obese. Higher BMI linked to lower cumulative rates of biologics use (p trend = 0.002), surgery (p trend = 0.004), hospital-
ization (p trend = 0.004), and emergency visits (p trend = 0.008). Compared with the underweight group, the normal (HR
0.667, 95% Cl 0.483-0.922, p = 0.014), overweight (HR 0.589, 95% Cl 0.394-0.879, p = 0.010), and obese groups (HR
0.515, 95% Cl 0.321-0.828, p = 0.006) had lower hospitalization risks. The overweight (HR 0.490, 95% Cl 0.241-0.996, p
= 0.049) and obese (HR 0.312, 95% C1 0.116-0.840, p = 0.021) groups were negatively associated with future biologics use.
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The normal (HR 0.705, 95% Cl 0.480-1.036, p = 0.075) and obese (HR 0.510, 95% Cl 0.272-0.953, p = 0.035) groups were

negatively associated with future surgery in multivariable analysis.

Conclusions: Lower BMI was linked to poorer clinical outcomes in intestinal BD, emphasizing the need to optimize nutri-

tional status.

Keywords: Behcet syndrome; Body mass index; Prognosis; Nutrition

INTRODUCTION

Behcet's disease (BD) is a chronic, relapsing, multi-system
inflammatory disorder characterized by recurrent oral and
genital ulcers, ocular lesions, skin manifestations, arthritis,
vasculitis, and gastrointestinal involvement. While BD is un-
common in Western countries, it is more prevalent in East
Asia, particularly in Korea and Japan, as well as the Middle
East and the Mediterranean. According to the Korean As-
sociation for the Study of Intestinal Diseases, intestinal BD
is diagnosed in patients with systemic BD who exhibit typ-
ical endoscopic findings, such as one or a few oval-shaped
ulcers with well-defined margins in the ileocecal region. If
such ulcers are present and the patient has only oral ulcers,
the condition is diagnosed as probable intestinal BD. In the
absence of systemic BD, the diagnosis is suspected intestinal
BD. If aphthous, shallow, atypical intestinal ulcers are ob-
served in the ileocecal region along with systemic BD, the
condition is still classified as probable intestinal BD. How-
ever, if only oral ulcers are present, the diagnosed remains
suspected BD, and in the absence of systemic BD, it is cate-
gorized as nondiagnostic [1-4]. Approximately 5% to 10%
of patients with BD have intestinal BD [5,6]. The significant
clinical and pathological overlap between intestinal BD and
inflammatory bowel diseases (IBD), such as Crohn’s disease
(CD) and ulcerative colitis (UC), complicates differential di-
agnosis, requiring a deeper understanding of their similari-
ties and differences to ensure accurate diagnosis and appro-
priate treatment [7,8].

Body mass index (BMI) is a widely used indicator of nu-
tritional status and has been linked to systemic inflamma-
tion in various disorders. Previous studies have examined
the relationship between BMI and the clinical outcomes of
IBD, including UC and CD [9-11]. Malnutrition is a signif-
icant and common complication in IBD and is associated
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with decreased food intake, intestinal malabsorption, and
increased energy requirements. The estimated prevalence of
malnutrition in IBD varies significantly, ranging from 6.1%
to 69.7%, depending on factors such as the malnutrition
definitions, IBD type, clinical setting, and disease activity lev-
el [12-15].

Furthermore, IBD can severely affect a patient’s nutrition-
al status, leading to adverse health outcomes. Malnutrition
and sarcopenia have been directly associated with nega-
tive clinical outcomes, including increased hospitalization
rates, reduced treatment response, and lower quality of life
[13,16]. Due to these negative effects, research has focused
on identifying and monitoring risk factors for malnutrition in
IBD [12,17,18]. Given the similarities in the clinical progres-
sion of CD and intestinal BD, the prevalence of malnutrition
and early initiation of nutritional support might be import-
ant in intestinal BD. However, few studies have investigated
this relationship.

Recently, the prevalence of obesity in IBD patients has
increased significantly, reflecting a broader trend in the
general population. Studies estimate that 15-40% of IBD
patients are now classified as obese, with BMI thresholds
for obesity set at 30 kg/m? or higher in Western populations
[19]. However, the impact of obesity on IBD progression
remains inconsistent, with studies reporting varying associ-
ations with disease severity, IBD-related surgery, hospitaliza-
tion, and emergency department visits. Additionally, obesity
may alter the efficacy of biological agents by increasing drug
clearance, potentially leading to suboptimal trough concen-
tration [11,20].

The coexistence of obesity and malnutrition within the
same patient population presents a paradox that further
complicates IBD management [19]. While extensive research
has examined the relationship between obesity, malnutri-
tion, and IBD, few studies have explored this relationship in
intestinal BD. Given the overlapping clinical characteristics
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of intestinal BD and IBD, understanding how BMI influences
clinical outcomes in intestinal BD is essential. This study aims
to investigate the association between BMI and key clinical
outcomes, including cumulative hospitalization rates, emer-
gency room visits, surgery, and biologics use, in patients
with intestinal BD.

METHODS

Patient population

This retrospective study included 760 patients diagnosed
with intestinal BD who had available BMI records at the IBD
Clinic of Severance Hospital in Seoul, South Korea, between
1997 and 2021. As this study was conducted retrospective-
ly, informed consent was waived. The Ethics Committee of
Severance Hospital approved this study (no. 4-2020-0686),
which was conducted in accordance with the Declaration of
Helsinki ethical guidelines.

Study design and definition of clinical
outcomes

Medical records were collected, including age, sex, smoking
status, history of appendectomy, family history, marital sta-
tus, Disease Activity Index for Intestinal BD (DAIBD) scores
at diagnosis, extraintestinal manifestations at diagnosis,
presence of systemic BD, endoscopic ulcer characteristics,
and laboratory findings. The primary clinical outcomes of
interest were the cumulative rates of biologics use, intesti-
nal BD-related surgery, intestinal BD-related hospitalization,
and emergency room visits.

BMI was calculated as weight (kg) divided by height (m2),
and patients were classified into four BMI groups based on
Asia-Pacific standards [21]. The BMI categories were under-
weight (BMI < 18.5 kg/m?), normal (BMI 18.5-22.9 kg/m?),
overweight (BMI 23.0-24.9 kg/m?), and obese (BMI > 25.0
kg/m2). Each patient group was observed until a significant
event occurred.

Statistical analysis

Continuous variables were expressed as means with stan-
dard deviations, while categorical variables were presented
as frequencies and percentages. Baseline characteristics
were compared across the four BMI groups using ANOVA
or the chi-squared test. When significant differences were
identified, Bonferroni correction was applied for multiple
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comparisons.

The occurrence rates of biologics use, surgery, hospital-
ization, and emergency room visits were analyzed using chi-
square tests, and trends across BMI groups were examined.
Kaplan-Meier curves and log-rank tests were used to assess
differences in clinical outcomes during follow-up. A uni-
variable Cox regression model was applied to evaluate the
association between each variable and clinical outcomes.
Variables with p < 0.05 in the univariable analysis were as-
sessed for multicollinearity, ensuring that each had a Vari-
ance Inflation Factor below 10, confirming the absence of
multicollinearity. A multivariable Cox proportional hazards
model was then conducted to determine the independent
associations between these factors and clinical outcomes. A
p < 0.05 was considered statistically significant. All statistical
analyses were performed using IBM SPSS Statistics for Win-
dows, version 26.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Baseline characteristics

Our cohort comprised 43.3% males and had a mean age
at diagnosis of 41.7 + 13.4 years, a mean BMI of 21.6 +
3.2 kg/m?, and a mean DAIBD score of 45.2 + 34.7. Of the
760 patients, 130 (17.1%) were underweight, 384 (50.5%)
were normal weight, 152 (20.0%) were overweight, and 94
(12.4%) were obese, based on their BMI classification (Table
1). The mean follow-up time for all patients was 12.5 + 7.2
years, with a median follow-up of 12.1 years.

Baseline characteristics, including age, sex, smoking sta-
tus, marital status, DAIBD score, and erythrocyte sedimenta-
tion rate (ESR), differed significantly among the BMI groups.
Compared with the other groups, the underweight group
was younger (34.7 £ 14.0, 41.8 £ 13.0, 45.2 + 12.4, and
45.2 = 12.3 years, respectively; p < 0.001), had a lower pro-
portion of males (28.5%, 42.4%, 53.9%, and 51.1%; p <
0.001), a smoking rate (17.7%, 23.0%, 35.5%, 30.9%; p <
0.001), and a lower marriage rate (52.3%, 73.2%, 84.2%,
77.7%, p < 0.001). Additionally, the underweight group
had higher DAIBD scores (56.7 + 39.2, 45.8 + 33.6, 37.3 +
30.6, and 39.3 = 34.6; p < 0.001) and a greater propor-
tion of patients with an ESR score of 15 or higher (75.2%,
73.2%, 65.2%, and 59.5%; p < 0.032) (Table 1).

Bonferroni analysis revealed that the underweight group
had a significantly lower mean age at diagnosis than the
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BMI (kg/m?)
Variable <18.5 18.5-22.9 23.0-24.9 >25.0 p value
(n = 130) (n = 384) (n =152) (n=94)
Underweight Normal Overweight Obese

Age at diagnosis (yr) 347 +£14.0 41.8+13.0 452 +12.4 452 +12.3 < 0.001
Sex, male 37 (28.5) 163 (42.4) 82 (53.9) 48 (51.1) < 0.001
Medical aid (vs. national health insurance) 7 (5.4) 14 (3.6) (4.6) (7.4) 0.442
Smoking 23(17.7) 88 (23.0) 54 (35.5) 29 (30.9) 0.002
Appendectomy history 26 (20.0) 59 (15.4) 3(21.7) 0(10.6) 0.082
Family history of BD 3(2.3) 14 (3.7) (3.9) (2.1 0.776
Marriage status (yes vs. no) 68 (52.3) 281 (73.2) 128 (84.2) 73 (77.7) < 0.001
DAIBD score at diagnosis 56.7 +39.2 458 £33.6 37.3+30.6 393+346 <0.001
Extraintestinal manifestation at diagnosis

Oral ulcer 52 (40.0) 187 (48.7) 69 (45.5) 44 (46.8) 0.352

Genital ulcer 7 (13.1) 52 (13.5) 6 (10.5) 9(9.6) 0.643

Skin manifestation 6(12.3) 63 (16.4) 27 (17.8) 17 (18.1) 0.570

Eye manifestation 2(9.2) 34 (8.9) 11 (7.2) 5(5.3) 0.673

Arthritis 29(22.3) 89 (23.2) 45 (29.6) 23 (24.4) 0.437
Systemic BD 39 (30.0) 114 (29.7) 41 (27.0) 27 (28.7) 0.930
No. of ulcers (multiple vs. single) (n = 644) 53 (49.5) 137 (41.8) 44 (34.4) 39 (48.1) 0.080
Shape of ulcers (volcano/geographic vs. oval) 15 (14.0) 62 (18.9) 16 (12.5) 9 (11.1) 0171
Size of ulcers (mm) 16.3+12.4 16.4+12.2 15.0+£10.3 143+114 0.483
Depth of ulcers 0.576

Aphthous 35(32.7) 97 (29.6) 37(28.9) 25(30.9)

Shallow 9(17.8) 60 (18.3) 28(21.9) 22 (27.2)

Deep 53 (49.5) 171 (52.1) 63 (49.2) 34 (42.0)
Type of ulcers (atypical vs. typical) 62 (57.9) 189 (57.6) 79 (62.2) 56 (69.1) 0.258
Laboratory findings

Hemoglobin (> 10 g/dL) 118 (90.8) 351 (91.4) 147 (96.7) 90 (95.7) 0.083

CRP (= 8 mg/L) 39(30.7) 105 (27.5) 30(20.4) 20(21.7) 0.160

ESR (= 15 mm/h) 82 (75.2) 257 (73.2) 86 (65.2) 47 (59.5) 0.032

Albumin (< 3.3 g/dL) 12 (9.4) 18 (4.7) 6 (4.1) 4(4.3) 0.166

Values are presented as mean = standard deviation or number (%).
BMI, body mass index; BD, Behcet's disease; DAIBD, disease activity index for intestinal BD; CRP, C-reactive protein; ESR, erythrocyte

sedimentation rate.

other groups. Specifically, their mean age was 7.1 years
lower than that of the normal group (95% Cl 3.60-10.58,
p < 0.001), 10.5 years lower than that of the overweight
group (95% Cl 6.36-14.58, p < 0.001), and 10.5 years low-
er than that of the obese group (95% CI 5.81-15.13, p <
0.001). Additionally, the normal group had a mean age at
diagnosis that was 3.4 years lower than that of the over-
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weight group (95% C| 0.09-6.68, p < 0.05).

The underweight group also exhibited significantly high-
er DAIBD scores than the other groups. Their scores were
10.9 points higher than those of the normal weight group
(95% Cl 1.690-20.125, p=0.011), 19.4 points higher than
those of the overweight group (95% Cl 8.547-30.230, p
< 0.001), and 17.4 points higher than those of the obese
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BMI (kg/m?)
Variable <18.5 18.5-22.9 23.0-24.9 >25.0 p value
(n=130) (n =384) (n=152) (n=94)
Underweight Normal Overweight Obese
Biologics use
Event 34(26.2) 50 (13.0) 21(13.8) 9(9.6) 0.002
Multivariable-adjusted HR (95% Cly? Reference 0.619 0.490 0.312
(0.366-1.047)* (0.241-0.996)**  (0.116-0.840)**
Surgery
Event 45 (34.6) 87(22.7) 35(23.0) 15 (16.0) 0.004
Multivariable-adjusted HR (95% cn? Reference 0.705 0.660 0.510
(0.480-1.036)* (0.400-1.088) (0.272-0.953)**
Hospitalization
Event 87 (66.9) 194 (50.5) 69 (45.4) 46 (48.9) 0.004
Multivariable-adjusted HR (95% CI)? Reference 0.667 0.589 0.515
(0.483-0.922)**  (0.394-0.879)**  (0.321-0.828)**
Emergency room visit
Event 71 (54.6) 144 (37.5) 61 (40.1) 32 (34.0) 0.008
Multivariable-adjusted HR (95% an? Reference 0.706 0.773 0.584

(0.508-0.980)**

(0.521-1.148) (0.363-0.937)**

Values are presented as number (%).

BMI, body mass index; HR, hazard ratio; Cl, confidence interval; BD, Behcet's disease; DAIBD, disease activity index for intestinal BD.

*p < 0.10, **p < 0.05.

AThe multivariable Cox proportional hazard analysis included confounders such as age, sex, medical aid, smoking, appendectomy
history, family history of BD, marital status, DAIBD score, extraintestinal manifestations, systemic BD, number of ulcers, ulcer shape,

ulcer depth, ulcer type, and laboratory findings.

group (95% Cl 5.054-29.733, p = 0.001). No significant
differences in DAIBD scores were observed between the
normal, overweight, and obese groups.

Bonferroni analysis also showed that the underweight
group had a significantly higher proportion of females than
the overweight group. Additionally, the underweight group
had significantly lower rates of smoking and marriage than
the overweight group. The obese group had a significantly
lower proportion of high ESR values than the other groups.

Cumulative biologics use according to BMI in
patients with intestinal BD

Patients with lower BMI had significantly higher cumulative
rates of biologcis use (26.2%, 13.0%, 13.8%, 9.6% % for
the underweight, normal, overweight, and obese groups,
respectively; p trend = 0.002) (Table 2). The mean times
to initiation of first biologics use was 15.0 + 0.6, 17.7 +
0.3,17.9 £ 0.4, and 18.4 + 0.5 years for the underweight,
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normal, overweight, and obese groups respectively; with
shorter time to biologics initiation observed in the lower BMI
group (p < 0.001) (Fig. 1A).

In the univariate Cox proportional hazards analysis, sever-
al factors—including marital status, DAIBD score, presence
of systemic BD, ulcer characteristics (shape, size, depth, and
type), C-reactive protein (CRP), and ESR—were significantly
associated with biologics use. After adjusting for confounders
in the multivariable Cox proportional hazards analysis, future
biologics use was negatively associated with the overweight
(HR 0.490, 95% Cl 0.241-0.996, p = 0.049) and obese
groups (HR 0.312, 95% ClI 0.116-0.840, p = 0.021) com-
pared with the underweight group (Supplementary Table 1).

Intestinal BD-related surgery according to BMI
in patients with intestinal BD

Patients with lower BMI had higher cumulative rates of sur-
gery (34.6%, 22.7%, 23.0%, and 16.0% for the under-
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Figure 1. Kaplan—-Meier curve for cumulative fraction of (A) biologic use, (B) intestinal BD-related surgery, (C) hospitalization, and (D)
emergency room visit by BMI. BD, Behcet's disease; BMI, body mass index.

weight, normal, overweight, and obese groups respectively;
p trend = 0.004) (Table 2). The mean times to surgery were
13.3+0.8,15.6 £0.4, 159+ 0.6, and 16.9 + 0.7 years for
the underweight, normal, overweight, and obese groups re-
spectively, with a significantly shorter time to surgery in the
lower BMI group (p = 0.004) (Fig. 1B).

In the univariate Cox proportional hazards analysis, sever-
al factors—including sex, smoking status, history of appen-
dectomy, DAIBD score, presence of oral ulcers, presence of
arthritis, hemoglobin level, CRP, and albumin level—were
significantly associated with surgery. After adjusting for
confounders in the multivariable Cox proportional hazards
analysis, the obese group (HR 0.510, 95% Cl 0.272-0.953,
p = 0.035) was negatively associated with future intestinal
surgery compared with the underweight group (Supple-
mentary Table 2).

https://doi.org/10.3904/kjim.2024.349

Intestinal BD-related hospitalization according
to BMI in patients with intestinal BD

Cumulative hospitalization rates decreased with increasing
BMI, with rates of 66.9%, 50.5%, 45.4%, and 48.9% for
the underweight, normal, overweight, and obese groups,
respectively (p trend = 0.004) (Table 2). The mean time to
hospitalization was 7.8 £ 0.7, 11.2 £ 0.4, 12.7 £ 0.6, and
11.4 + 0.9 years for the underweight, normal, overweight,
and obese groups respectively, with significantly earlier hos-
pitalization observed in the lower BMI group (p < 0.001)
(Fig. 10).

In the univariate Cox proportional hazards analysis, sev-
eral factors—including age, marriage status, DAIBD score,
presence of eye manifestations, systemic BD, number of
ulcers, ulcer depth, hemoglobin level, CRP level, ESR, and
albumin—were significantly associated with hospitalization.
After adjusting for confounders in the multivariable Cox
proportional hazards analysis, the normal (HR 0.667, 95%
Cl 0.483-0.922, p = 0.014), overweight (HR 0.589, 95%
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C10.394-0.879, p = 0.010), and obese (HR 0.515, 95% Cl
0.321-0.828, p = 0.006) groups were negatively associated
with future hospitalization compared with the underweight
group (Supplementary Table 3).

Intestinal BD-related emergency room visits
according to BMI in patients with intestinal BD
Patients in the lower BMI group had higher cumulative rates
of emergency room visits, with rates of 54.6%, 37.5%,
40.1%, and 34.0% for the underweight, normal, over-
weight, and obese groups respectively (p trend = 0.008)
(Table 2). The mean time to emergency room visit was 9.9 +
0.7,13.4+0.4,13.3+0.6, and 14.1 + 0.8 years for the un-
derweight, normal, overweight, and obese groups respec-
tively, with significantly earlier emergency room visits ob-
served earlier in the lower BMI group (p < 0.001) (Fig. 1D).

In the univariate Cox proportional hazards analysis, sev-
eral factors—including medical aid status, marital status,
DAIBD score, presence of skin manifestations, systemic BD,
ulcer size and depth, hemoglobin level, CRP level, and al-
bumin level—were significantly associated with emergency
room visits. After adjusting for confounders in the multivari-
able Cox proportional hazards analysis, the normal weight
group (HR 0.706, 95% CI 0.508-0.980, p = 0.037) and
obese group (HR 0.584, 95% C| 0.363-0.937, p = 0.026)
were negatively associated with future emergency room vis-
its compared with the underweight group (Supplementary
Table 4).

DISCUSSION

The strength this study lies in its analysis of the relationship
between nutritional status and clinical outcomes in a large
cohort of patients with intestinal BD, an area that remains
poorly researched. This study examined the distribution of
weight status in a cohort of 760 patients with intestinal
BD, a rare disease. Among them, 130 (17.1%) were under-
weight, 384 (50.5%) were of normal weight, 152 (20.0%)
were overweight, and 94 (12.4%) were obese. The study
investigated the time from diagnosis to key clinical events,
including surgeries, hospital admissions, emergency room
visits, and the use of biologics.

Findings revealed that in intestinal BD, the underweight
group experienced significantly poorer clinical outcomes,
with higher cumulative rates of biologics use, surgeries,
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hospitalizations, and emergency room visits compared with
the normal, overweight, and obese groups. In contrast, the
obese group exhibited no significant differences in clinical
outcomes compared with the normal group. These findings
suggest that BMI plays a crucial role in the clinical prognosis
of intestinal BD, highlighting the importance of individual-
ized patient management based on BMI.

Similar to our study, research on patients with UC found
that among 202 patients, 5% were underweight, 55%
were normal weight, 26.7% were overweight, and 13.4%
were obese. The study suggested that higher BMI may have
a favorable impact on UC prognosis, whereas a low BMI is
associated with a more severe disease course [22]. A me-
ta-analysis by Hu et al. [23] further demonstrated that obese
patients with IBD were significantly less likely to undergo
surgery or be hospitalized than their non-obese counter-
parts.

In Brazil, Lima et al. [24] analyzed 470 patients with IBD,
including CD and UC, categorizing them into BMI groups.
Among these patients, 194 (41%) were classified as normal
weight, 42 (9%) as underweight, 155 (33%) as overweight,
and 79 (17%) as obese. The study found that patients with
CD were significantly more likely to be underweight than
those with UC, and clinical profiles and the frequency of
surgical procedures did not differ between the overweight
and normal-weight groups.

Consistent with our findings, McKenna et al. [25] exam-
ined the impact of BMI on disease severity and postoperative
outcomes in patients with CD. Their findings indicated that
obese patients exhibited a less severe disease phenotype,
characterized by a lower incidence of the fistulizing Crohn'’s
phenotype and less frequent preoperative immunomodula-
tor use compared with other BMI groups. However, obese
patients have a higher rate of postoperative complications.

Our study demonstrated that even after adjusting for
DAIBD score and CRP levels, patients with malnutrition and
intestinal BD (17.1%) had poorer clinical outcomes than
those in the normal, overweight, and obese groups. The
chronic inflammatory state in intestinal BD can disrupt the
homeostasis of muscle, bone, and adipose tissue metabo-
lism [20,26,27]. Chronic inflammation and malnutrition can
lead to impaired mitochondrial activity, decreased energy
production, and increased production of reactive oxygen
species. Additionally, chronic inflammation and nutritional
imbalances can disrupt gut microbial homeostasis, trigger
host immune responses, and create a vicious cycle of mal-
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nutrition and inflammation [28].

Given these risks, physicians should conduct routine nu-
tritional screening for patients with intestinal BD, recognize
the association between malnutrition and disease severity,
and implement personalized therapeutic strategies, includ-
ing nutritional support and/or gradual medical intervention.

Several studies on sarcopenia and obesity in IBD patients
have reported findings different from our study. A study
by Brown et al. [29] found that in patients with CD, BMI
had a non-linear association with disease outcomes, where
the greatest risks of composite loss of response, CD-related
surgery, and CD-related intestinal resection surgery were
observed at the extremes of BMI (underweight and obese
categories). A retrospective chart review of patients with UC
(1970 and 2010) found that the prevalence of obesity in UC
has been increasing and may negatively impact prognosis
by increasing the risk of future hospitalization and cortico-
steroid use [30].

Similarly, a retrospective cohort study of 160 patients with
UC treated with biologics found that higher BMI was in-
dependently associated with an increased risk of treatment
failure, IBD-related surgery, and hospitalization [31]. The dif-
ferences between our study and these findings may be at-
tributed to variations in body composition between Eastern
and Western populations, as well as differences between
CD, UC, and intestinal BD.

A study conducted in Korea reported that weight loss
was not significantly associated with an increased risk of
surgery but noted that patients who experienced weight
loss tended to undergo surgery earlier [32]. Meanwhile, a
study in Shanghai found that moderate to severe disability
is common in patients with CD and is primarily influenced
by disease activity and BMI rather than sarcopenia or muscle
mass [33]. Given the conflicting results regarding the effects
of BMI on IBD, further research is needed to clarify these
relationships. Understanding these trends may lead to more
personalized treatment approaches that incorporate meta-
bolic health considerations [34].

One of the limitations of this study is the inherent con-
straint of using BMI as a sole measure of nutritional sta-
tus. Research on the pathogenesis of IBD suggests that
sarcopenia is exacerbated through its connection with the
gut-muscle axis [17]. Although BMI is non-invasive and
easily obtainable metric, it has limitations in accurately re-
flecting visceral fat or sarcopenia [35,36]. Additionally,
BMI thresholds for defining underweight, normal weight,
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overweight, and obesity vary across regions and ethnicities,
further complicating its applicability in diverse populations.
Future research should incorporate assessments of visceral
fat and muscle mass using various modalities in combina-
tion to improve the accuracy of predicting clinical outcomes
in patients with IBD.

Another limitation of this study is that BMI was assessed
only at the time of diagnosis, without considering BMI fluc-
tuations over the follow-up period. However, a notable
strength of this study is the longitudinal analysis of clinical
outcomes throughout the follow-up period, providing valu-
able insights into the long-term impact of BMI on disease
progression.

This study demonstrated that lower BMI in patients with
intestinal BD was associated with poorer clinical outcomes,
including increased cumulative use of biologics, surgeries,
hospital admissions, and emergency room visits. These find-
ings highlight the importance of individualized patient man-
agement based on BMI, as it significantly influences disease
progression and response to therapy. This underscores the
need for future research to incorporate more precise nutri-
tional indicators for improved prognosis and patient care.

Ultimately, personalized treatment strategies, including
targeted nutritional interventions, may be essential for opti-
mizing the care of IBD patients. Similar to ongoing research
focused on lifestyle and environmental modifications for
managing IBD [37,38], individualized treatment approach-
es—particularly improving nutritional status—are necessary
for patients with intestinal BD.

KEY MESSAGE

1. Underweight patients with intestinal BD expe-
rienced significantly poorer clinical outcomes,
including higher rates of biologics use, surgery,
hospitalization, and emergency room visits, than
normal, overweight, and obese patients.

2. Routine nutritional screening and personalized
treatment strategies, including interventions to op-
timize nutritional health, are essential for improv-
ing prognosis and patient care.

3. Further research is needed to explore the associ-
ation between nutritional status and clinical out-
comes in intestinal BD. Particularly given its high
incidence in Korea and similarities to other IBD.
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Supplementary Table 1. Cox proportional hazard analysis of biologic use in intestinal BD
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Univariable analysis

Multivariable analysis

Variable
HR 95% Cl p value HR 95% Cl p value
Age at diagnosis (yr) 1.002 0.988-1.016 0.763
Sex, male 1.098 0.757-1.594 0.622
Medical aid (vs. national health insurance) 0.836 0.367-1.902 0.669
Smoking 1.290 0.870-1.911 0.205
BMI (kg/m?) 0.901 0.847-0.958 0.001
BMI < 18.5 1.000 (reference) 0.001 1.000 (reference) 0.062
BMI 18.5-22.9 0.463 0.299-0.715 0.001 0.619 0.366-1.047 0.074
BMI 23.0-24.9 0.464 0.269-0.800 0.006 0.490 0.241-0.996 0.049
BMI > 25.0 0.324 0.155-0.676 0.003 0.312 0.116-0.840 0.021
Appendectomy history 1.159 0.720-1.865 0.544
Family history of BD 0.526 0.130-2.129 0.367
Marriage status 0.542 0.356-0.824 0.004 0.765 0.459-1.277 0.306
DAIBD score at diagnosis 1.010 1.006-1.015 < 0.001 1.007 1.001-1.013 0.014
Extraintestinal manifestation at diagnosis
Oral ulcer 0.697 0.476-1.020 0.064
Genital ulcer 1.175 0.692-1.995 0.550
Skin manifestation 1.078 0.658-1.766 0.767
Eye manifestation 0.692 0.322-1.487 0.346
Arthritis 1.202 0.790-1.829 0.391
Systemic BD 2.432 1.669-3.543 < 0.001 2139 1.392-3.287 0.001
Number of ulcers (multiple vs. single) 0.899 0.608-1.328 0.592
Shape of ulcers (volcano/geographic vs. oval)  1.660 1.066-2.585 0.025 1.180 0.630-2.209 0.605
Size of ulcers 1.033 1.020-1.047 < 0.001 1.020 0.997-1.045 0.095
Depth of ulcers
Aphthous 1.000 (reference) <0.001 1.000 (reference) 0.102
Shallow 2.146 1.122-4.104 0.021 2.150 1.060-4.364 0.034
Deep 3.025 1.776-5.151 < 0.001 1.836 0.789-4.272 0.158
Type of ulcers (atypical vs. typical) 0.563 0.384-0.827 0.003 1.322 0.720-2.427 0.368
Laboratory findings
Hemoglobin (> 10 g/dL) 0.761 0.384-1.505 0.432
CRP (> 8 mg/L) 3.658 2.510-5.333 < 0.001 2.855 1.777-4.588 < 0.001
ESR (> 15 mm/h) 1.632 1.014-2.626 0.044 0.935 0.523-1.671 0.820
Albumin (< 3.3 g/dL) 1.640 0.830-3.244 0.155

BD, Behcet's disease; HR, hazard ratio; Cl, confidence interval; BMI, body mass index; DAIBD, disease activity index for intestinal
BD; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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Supplementary Table 2. Cox proportional hazards analysis of surgery for intestinal BD
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Univariable analysis

Multivariable analysis

Variable
HR 95% Cl p value HR 95% Cl p value
Age at diagnosis (yr) 0.995 0.984-1.006 0.362
Sex, male 0.727 0.543-0.972 0.031 0.805 0.553-1.174 0.805
Medical aid (vs. national health insurance) 0.594 0.338-1.045 0.071
Smoking 1.405 1.026-1.925 0.034 1.040 0.702-1.542 0.844
BMI (kg/m?) 0.919 0.876-0.964 0.001
BMI < 18.5 1.000 (reference) 0.007 1.000 (reference) 0.130
BMI 18.5-22.9 0.607 0.423-0.870 0.007 0.705 0.480-1.036 0.075
BMI 23.0-24.9 0.599 0.385-0.933 0.023 0.660 0.400-1.088 0.103
BMI > 25.0 0.405 0.226-0.727 0.002 0.510 0.272-0.953 0.035
Appendectomy history 2.617 1.900-3.605 < 0.001 2.341 1.673-3.276 < 0.001
Family history of BD 0.447 0.143-1.399 0.167
Marriage status 1.110 0.752-1.638 0.600
DAIBD score at diagnosis 1.004 1.000-1.008 0.029 1.005 1.001-1.009 0.023
Extraintestinal manifestation at diagnosis
Oral ulcer 0.563 0.414-0.764 < 0.001 0.602 0.426-0.850 0.004
Genital ulcer 0.787 0.489-1.266 0.324
Skin manifestation 0.639 0.405-1.007 0.054
Eye manifestation 0.673 0.366-1.238 0.203
Arthritis 0.468 0.309-0.709 < 0.001 0.421 0.263-0.673  <0.001
Systemic BD 1.109 0.804-1.530 0.527
Number of ulcers (multiple vs. single) 0.797 0.582-1.092 0.158
Shape of ulcers (volcano/geographic vs. oval) 1.145 0.771-1.702 0.502
Size of ulcers 1.001 0.988-1.014 0.880
Depth of ulcers
Aphthous 1.000 (reference) 0.931
Shallow 0.986 0.638-1.524 0.949
Deep 0.938 0.662-1.330 0.721
Type of ulcers (atypical vs. typical) 0.878 0.645-1.195 0.408
Laboratory findings
Hemoglobin (> 10 g/dL) 0.463 0.296-0.724 0.001 0.724 0.432-1.214 0.221
CRP (> 8 mg/L) 1.722 1.258-2.358 0.001 1.238 0.880-1.742 0.220
ESR (> 15 mm/hr) 1.123 0.780-1.617 0.534
Albumin (< 3.3 g/dL) 2.468 1.532-3.976 < 0.001 1.663 0.938-2.949 0.082

BD, Behcet's disease; HR, hazard ratio; Cl, confidence interval; BMI, body mass index; DAIBD, disease activity index for intestinal
BD; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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Supplementary Table 3. Cox proportional hazards analysis of hospitalization for intestinal BD

: Univvariable analysis Multivariable analysis
Variable
HR 95% Cl p value HR 95% Cl p value
Age at diagnosis (yr) 1.009 1.001-1.017 0.020 1.017 1.007-1.0281 0.001
Sex, male 1.137 0.931-1.389 0.209
Medical aid (vs. national health insurance) 1.452 0.944-2.234 0.089
Smoking 0.901 0.721-1.127 0.363
BMI (kg/m?) 0.936 0.905-0.968 < 0.001
BMI < 18.5 1.000 (reference) < 0.001 1.000 (reference) 0.020
BMI 18.5-22.9 0.605 0.469-0.780 < 0.001 0.667 0.483-0.922 0.014
BMI 23.0-24.9 0.502 0.365-0..689 < 0.001 0.589 0.394-0.879 0.010
BMI > 25.0 0.575 0.402-0.822 0.002 0.515 0.321-0.828 0.006
Appendectomy history 1.135 0.882-1.461 0.325
Family history of BD 0.763 0.419-1.389 0.376
Marriage status 0.776 0.606-0.993 0.044 0.725 0.513-1.023 0.067
DAIBD score at diagnosis 1.006 1.003-1.008 < 0.001 1.003 1.000-1.007 0.047
Extraintestinal manifestation at diagnosis
Oral ulcer 0.952 0.779-1.162 0.627
Genital ulcer 1.045 0.774-1.410 0.773
Skin manifestation 1.226 0.946-1.589 0.123
Eye manifestation 1.486 1.075-2.055 0.017 1.106 0.756-1.620 0.603
Arthritis 1.205 0.959-1.515 0.109
Systemic BD 1.403 1.129-1.743 0.002 1.147 0.891-1.476 0.286
Number of ulcers (multiple vs. single) 1.395 1.136-1.713 0.002 1.217 0.955-1.550 0.112
Shape of ulcers (volcano/geographic vs. oval) 1.052 0.803-1.378 0.714
Size of ulcers 1.008 1.000-1.016 0.063
Depth of ulcers
Aphthous 1.000 (reference) 0.067 1.000 (reference) 0.270
Shallow 1.389 1.036-1.862 0.028 1.301 0.935-1.809 0.119
Deep 1.246 0.980-1.585 0.073 1.054 0.799-1.391 0.707
Type of ulcers (atypical vs. typical) 0.920 0.747-1.134 0.437
Laboratory findings
Hemoglobin (> 10 g/dL) 0.400 0.290-0.551 < 0.001 0.572 0.372-0.880 0.01
CRP (> 8 mg/L) 1.768 1.422-2.198 < 0.001 1.223 0.930-1.609 0.149
ESR (> 15 mm/h) 1.389 1.085-1.778 0.009 1.017 0.766-1.349 0.903
Albumin (< 3.3 g/dL) 3914 2.798-5.475 < 0.001 2.025 1.254-3.267 0.004

BD, Behcet's disease; HR, hazard ratio; Cl, confidence interval; BMI, body mass index; DAIBD, disease activity index for intestinal
BD; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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Supplementary Table 4. Cox proportional hazards analysis of emergency room visits for intestinal BD

Univvariable analysis

Multivariable analysis

Variable
HR 95% Cl p value HR 95% Cl p value
Age at diagnosis (yr) 0.999 0.990-1.008 0.838
Males 1.231 0.980-1.547 0.075
Medical aid (vs. national health insurance) 0.438 0.286-0.671 <0.001 0.520 0.317-0.835 0.010
Smoking 0.979 0.762-1.260 0.871
BMI (kg/m?) 0.941 0.907-0.977 0.001
BMI < 18.5 1.000 (reference) < 0.001 1.000 (reference) 0.098
BMI 18.5-22.9 0.568 0.426-0.756 < 0.001 0.706 0.508-0.980 0.037
BMI 23.0-24.9 0.598 0.424-0.843 0.003 0.773 0.521-1.148 0.202
BMI > 25.0 0.502 0.331-0.763 0.001 0.584 0.363-0.937 0.026
Appendectomy history 1.020 0.761-1.368 0.893
Family history of BD 0.714 0.354-1.441 0.347
Marriage status 0.636 0.487-0.831 0.001 0.753 0.557-1.020 0.067
DAIBD score at diagnosis 1.006 1.003-1.009 < 0.001 1.003 0.999-1.006 0.115
Extraintestinal manifestation at diagnosis
Oral ulcer 1.023 0.816-1.283 0.844
Genital ulcer 1.263 0.917-1.739 0.153
Skin manifestation 1.470 1.111-1.945 0.007 1.301 0.953-1.776 0.098
Eye manifestation 1.122 0.765-1.646 0.554
Arthritis 1.167 0.900-1.513 0.244
Systemic BD 1.647 1.293-2.098 < 0.001 1.426 1.106-1.839 0.006
Number of ulcers (multiple vs. single) 1.225 0.971-1.545 0.087
Shape of ulcers (volcano/geographic vs. oval) 1.088 0.803-1.474 0.585
Size of ulcers 1.012 1.003-1.021 0.009 1.001 0.987-1.015 0.892
Depth of ulcers
Aphthous 1.000 (reference) 0.016 1.000 (reference) 0.371
Shallow 1.380 0.983-1.939 0.063 1.251 0.871-1.798 0.225
Deep 1.491 1.132-1.964 0.004 1.281 0.867-1.894 0.214
Type of ulcers (atypical vs. typical) 0.817 0.647-1.033 0.091
Laboratory findings
Hemoglobin (> 10 g/dL) 0.614 0.415-0.909 0.015 1.004 0.639-1.578 0.986
CRP (> 8 mg/L) 1.566 1.219-2.013 < 0.001 1.155 0.878-1.518 0.303
ESR (> 15 mm/h) 1.117 0.851-1.466 0.424
Albumin (< 3.3 g/dL) 3.283 2.270-4.748 < 0.001 2.556 1.664-3.925 <0.001

BD, Behcet's disease; HR, hazard ratio; Cl, confidence interval; BMI, body mass index; DAIBD, disease activity index for intestinal
BD; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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