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Body weight, serum albumin and food intolerance were linked
to upper gastrointestinal Crohn’s disease: a 7-year retrospective
analysis
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Background: The clinical features of upper gastrointestinal (I.4) Crohn’s disease (CD) and its subtypes,
along with the associated and nutritional status, remain poorly described. Our aim was to evaluate the clinical
characteristics of L4 CD phenotype and its subtypes at diagnosis, and their relationship with the nutritional
status.

Methods: A retrospective study was conducted on 869 CD patients diagnosed between 2013 and 2019, and
the association between the clinical characteristics and nutritional status of 1.4 patients was determined using
Random forest importance ranking and logistic regression.

Results: The majority of the patients (59.72%) presented L4 lesions, of which 335, 158 and 26 had
proximal ileal, jejunal and esophago-gastroduodenal (EGD) lesions respectively. L4 patients were
predominantly male (OR 2.07), smoker (OR 1.80), and had higher body weight and BMI, longer disease
course, and stricturing disease (OR 1.88). Furthermore, the serum albumin level, body weight and disease
course showed higher MDG in the random forest importance ranking test for L4 CD and L4-proximal
ileal types. According to logistic regression, body weight (OR 1.054), disease course (OR 1.010), stricturing
behavior (OR 4.998) and tomato intolerance (OR 1.313) were the independent risk factors for L4. In
addition, body weight (OR 1.042) and stricturing behavior (OR 3.152) were the relevant factors for proximal
ileal subtype, and stricturing behavior (OR 4.206) and perianal disease (OR 0.339) for jejunal subtype.
Conclusions: 14 disease has a higher incidence rate compared to the non-L4 CD, and mainly affects
males, and those with prolonged disease course, stricturing behavior, higher weight, BMI, albumin levels and
food intolerance (FI).

Keywords: Crohn’s disease (CD); features; food intolerance (FI); nutrition; upper gastrointestinal tract
Submitted Mar 05, 2020. Accepted for publication Sep 18, 2020.

doi: 10.21037/atm-20-2212
View this article at: http://dx.doi.org/10.21037/atm-20-2212

A ORCID: 0000-0002-8044-647X.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2020;8(21):1370 | http://dx.doi.org/10.21037/atm-20-2212


https://crossmark.crossref.org/dialog/?doi=10.21037/atm-20-2212

Page 2 of 11

Introduction

Crohn’s disease (CD) is a chronic inflammatory condition
of the gastrointestinal tract that mainly affects the terminal
ileum. According to the Montreal classification based on
the anatomical location, CD is divided into the ileal (L1),
colonic (L2), ileocolonic (LL3) and upper gastrointestinal (1.4)
phenotypes (1,2). Recent studies show that the L4 subgroup
is heterogeneous in terms of clinical characteristics and
prognosis. Although there is no clinical consensus at
present, L4 can be further classified into the proximal ileal,
jejunal and esophago-gastroduodenal (EGD) subtypes (3-7).
The L4-jejunal and L4-proximal ileal disease indicates a
higher risk of intestinal surgery, a more aggressive disease
and worse prognosis. For instance, jejunal involvement
predicts stricturing and multiple abdominal surgeries (4,6,7).
However, the nutritional status of the .4 and non-L4
patients, including weight, body mass index (BMI), albumin
levels, diet and others, has not been compared. This is
relevant since 85% of the CD patients awaiting surgery are
malnourished due to improper dietary intake and resorption
(8-11). Therefore, it is essential to identify the nutritional
factors affecting the different phenotypes in order to
individualize disease management and therapy.

The aim of this study was to evaluate the clinical
characteristics and underlying nutritional factors of L4
CD phenotype and its subgroups at diagnosis, and identify
the correlations. We conducted a retrospective study in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/atm-20-2212).

Methods
Patients and study design

A retrospective study was conducted on patients diagnosed
with CD between January 2013 and December 2019 at the
Xiangya Hospital Central South University. The inclusion
criteria were as follows: (I) initial diagnosis of CD, (II)
availability of gastroscopy, ileocolonoscopy, double-balloon
enteroscopy or capsule endoscopy and imaging (computer
tomography, or magnetic resonance imaging) data, and
(III) availability of the complete operation reports in
case of diagnosis via surgery. Patients with indeterminate
colitis, ulcerative colitis, intestinal tuberculosis, Ischemic
enteropathy, infective enterocolitis, Schistosoma, amebic
enteropathy or Behcet disease, younger than 14 years or
older than 75 years, and positive for Helicobacter pylori
infection as per 13C-urea breath test were excluded. Disease
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location was established by a gastroenterologist, who also
classified the patients into L.1-L4 types, and further into the
L4 subtypes as described above (Figure S1). The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013), and the study approved by the Ethical
Committee of the Xiangya Hospital of Central South
University (No. 201912457), and informed consent was
taken from all the patients.

Data collection

Demographic and clinical data including gender, weight,
BMI, age at onset, duration of disease, smoking history,
disease behavior, perianal disease, CD activity index (CDAI)
score, complications and history of surgery were collected.
In addition, laboratory test results of albumin, serum iron,
calcium, magnesium, phosphorus, ferritin, B12, folate and
14 FI were also retrieved. All indicators were collected
before/during diagnosis, and only the first information was
used in case of repeated detection.

Definitions

The patients were classified into the L1, L2, L3 and L4
types. The L4 lesions were further classified into the EGD,
jejunal and proximal ileal subtypes. EGD lesions were
defined based on gastroscopy findings and biopsy as follows:
(I) erythema, vascular changes, edema, erosions, ulcers,
aphthous lesions, and strictures evident in gastroscopy, and
(I) focal (discontinuous) and patchy chronic inflammation
(Iymphocyte and plasma cell infiltration), focal crypt
irregularity (discontinuous crypt distortion), granulomas,
and irregular villous architecture evident in biopsy (12,13).
Jejunal and proximal ileal lesions were defined based on: (I)
relevant findings of computed tomography enterography
and magnetic resonance enterography, including segmental
mural thickening, perienteric infiltration, comb sign,
perienteric fistula and/or abscess, segmental bowel stricture,
etc. (14,15), and (II) capsule enteroscopy or double balloon
enteroscopy findings such as multiple aphthous ulcers
measuring >5 mm in diameter. Mucosal erythema was not
considered as evidence of CD involvement (5).

L4-EGD was defined as the presence of EGD lesions
with/without any other gastrointestinal lesions. L4-
jejunal was defined as jejunal but no EGD involvement,
and L4-proximal ileal subtype included patients with
proximal ileal involvement without that of jejunal or
EGD. Disease behavior was defined based on the findings
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of endoscopy, imageology or surgical specimens. Disease
course was defined as time from onset to diagnosis. Perianal
complications included perianal fistula, abscess and fissure.
The CDAI scores were also evaluated during diagnosis, and
CDAI score >150 was considered as the active disease state.
All complications were recorded during hospitalization
before diagnosis. History of surgery was defined as (I)
hospital admission due to acute abdominal pain and CD
diagnosis during/after operation or (II) CD diagnosis and
operation during hospitalization (excluding fistulization).

Enzyme linked immunosorbent assay (ELISA) of FI

Serum IgG antibodies against tomato, rice, corn, egg,
wheat, milk, pork, chicken, beef, crab, codfish, soybean,
shrimp and mushroom were detected using specific ELISA
kits according to the manufacturer’s instructions (Biomerica,

Inc., USA). IgG levels >50 U/mL was considered positive.

Statistical analysis

Univariate analyses were performed to compare L4 (and
each subtype) and non-L4 patients. All categorical variables
were analyzed by the chi-square test, the student 7-test
was used for normally distributed variables and the Mann-
Whitney U test was used for non-normally distributed
variables. P value <0.05 was considered statistically
significant. Random forest technique with python (version
3.8.0) was used for multivariate analysis of the variables
that were statistically significant as per univariate analysis.
The predictive value of each factor was determined using
the “feature_importances” function in the python sklearn
package. The metric mean decrease Gini (MDG) was
calculated to quantify the contribution of the different
factors; higher MDG indicates greater importance. To
assess whether a variable increased or decreased the risk
for L4, odds ratios (OR) and 95% confidence intervals (CI)
were estimated using logistic regression.

Results
Baseline characteristics

The medical records of 869 patients were collected (Figure S1).
The characteristics of the remaining 869 patients are
summarized in Table 1. The median disease course was
12 months, and the mean age at onset was 31.6 years. In
addition, the median body weight and mean serum albumin
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levels were 52 kg and 33.89 g/L respectively. Furthermore,
201 patients were smokers, and three-fourths of the cohort
(659; 75.83%) consisted of males. In terms of disease
location, only 14 patients had L1 lesions, 130 had L2
lesions, and about a quarter had L3 lesions. More than half
the patients (59.72%) had L4 lesions, including 335 with
proximal ileal, 158 with jejunal and 26 with EGD lesions
(Table 2). In addition, 57.54% of the patients exhibited
complications like stricturing and/or invasive disease,
and perianal lesions (perianal fistula, abscess, and fissure)
were seen in 29.46% of the patients. Finally, about one-
tenth (11.05%) of the patients developed fever during the
hospitalization, and 26.47% underwent abdominal surgery
during hospitalization.

Characteristics of L4 patients

The proportion of male patients was higher in the L4
group, especially in the proximal ileal and jejunal subtypes
(Figure 1A). Likewise, smokers were mainly clustered in
the L4 group and the proximal ileal or jejunal subtypes
(Figure 14). However, the age of onset was similar in both L4
and non-L4 groups (Figure 1B). Furthermore, patients with
jejunal involvement had a higher incidence of stricturing
behavior, and those with jejunal or EGD involvement
had a lower incidence of perianal disease (Figure 1C).
L4 patients had less complications compared to the non-L4
patients, except for the higher incidence of mouth ulcers
in the L4-EGD subtype (Figure 1D). Furthermore, L4
patients were more likely to be overweight, and have
higher serum albumin levels at diagnosis (Figure 2A4,B) and
a longer disease course, especially with L4-proximal ileal
involvement. No significant differences were seen between
the two group in terms of abdominal surgery for CD. The
data are summarized in Tables S1-S6.

Food intolerance (FI) and other nutritional indicators in
CD patients

A total of 355 patients had complete data of the 14 FI tests
conducted between January 2013 and December 2019. The
CD patients were most intolerant to corn (61.10%), egg
(59.45%), rice (59.18%), tomato (56.16%) and soybean
(51.23%), and least intolerant to cod (8.77%), mushroom
(8.49%), chicken (4.11%), pork (2.47%) and beef (1.1%)
(Table 3). Among the L4 patients, corn, rice, tomato,
eggs and soybean were the five least tolerated foods. In
general, the L4 patients were more likely to show tomato
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Table 1 Basic situation, disease characteristics and complications of L4 patients

All CD patients, N=869 L4 patients, N=519 Non-L4 patients, N=350  qgs ratio

Clinical variable S ” S ” S ” (95% CI) P value®
Male 659 75.83 422 81.31 237 67.71 2.07 (1.51-2.84)  0.000**
Body weight (kg) 52.00 14.00 54.00 13.00 50.00 12.00 0.000**
Albumin (g/L) 33.89 7.37 34.53 7.28 32.94 7.40 0.000**
Age at onset (year) 31.68 12.26 32.11 11.65 31.04 13.10 0.218

Disease course (month) 12.00 33.00 12.00 43.00 9.50 22.00 0.001**
Smoker 201 23.13 141 2717 60 17.14 1.80 (1.22-2.53)  0.001**

Disease location

L1 (terminal ileum) 14 1.61 92 17.72 14 4.00 5.17 (2.89-9.23) 0.000**
L2 (colonic) 130 14.96 69 13.29 130 37.14 0.25 (0.18-0.36) 0.000**
L3 (ileocolonic) 206 23.71 87 16.76 206 58.86 0.14 (0.10-0.19)  0.000**
L4 (upper Gl) 519 59.72

Disease behavior

B1 (non-stricturing-nonpenetrating) 369 42.46 183 35.26 186 53.14 0.48 (0.36-0.63)  0.000**
B2 (stricturing) 377 43.38 257  49.52 120 34.29 1.88 (1.42-2.48)  0.000**
B3 (penetrating) 50 5.75 29 5.59 21 6.00 0.92 (0.52-1.65)  0.798
B2 and B3 73 8.40 50 9.63 23 6.57 1.51(0.90-2.53) 0.110
Perianal lesions 256 29.46 133 25.63 123 35.14 0.63 (0.47-0.85) 0.003**
Disease active period (CDAI >150) 727 83.66 424 81.70 303 86.57 0.69 (0.47-1.01)  0.057
Other complications 153 17.61 68 13.10 85 24.29 0.47 (0.33-0.66) 0.000**
Joint pain 15 1.73 3 0.58 12 3.43 0.16 (0.04-0.58) 0.002**
Fever 96 11.05 41 7.90 55 15.71 0.46 (0.29-0.70)  0.000**
Mouth ulcer 22 2.53 8 1.54 14 4.00 0.37 (0.15-0.90)  0.024*
Abdominal mass 33 3.80 19 3.66 14 4.00 0.91 (0.45-1.84)  0.798
History of surgery 230 26.47 139 26.78 87 24.86 1.10 (0.81-1.50) 0.526
Partial resection of small intestine 102 11.74 102 19.66 0 - -
Resection of ileocecum 26 2.99 5 0.96 21 6.00 0.15 (0.05-0.40) 0.000**
Partial resection of small intestine + 4 0.46 4 0.77 0 - -
resection of ileocecum
Right hemicolectomy 65 7.48 18 3.46 47 13.43 0.23 (0.13-0.40) 0.000**
Partial resection of small intestine + 10 1.15 10 1.93 0 - -

right hemicolectomy

Left hemicolectomy 5 0.58 0 5 1.43 - -
Partial colectomy 9 1.04 0 9 2.57 - -
Pancolectomy 5 0.58 0 5 1.43 - -

a

Body weight and disease course were showed as median (IQR). Albumin and age at onset were showed as mean (SD). °, univariate
analysis between L4 patients and non-L4 patients, the P value were showed in table. *, P value is less than 0.05, with statistical difference;
**, P value is less than 0.01, with significant statistical difference. CD, Crohn’s disease; SD, standard deviation; Gl, gastrointestinal; B2 and
B3, patients with both stricturing and penetrating behavior, g/L, gram per liter.
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Table 2 Basic situation, disease characteristics and complications of L4 patients in each subgroup
Non-L4 group, N=350 L4-proximal ileal, N=335 L4-jejunal, N=158 L4-EGD, N=26
Clinical variable
N % N % N % N %

Male 237 67.71 276 82.39 125 79.11 21 80.77
Body weight (kg) 50.00 12.00 55.00 13.00 52.00 15.00 53.25 16.62
Albumin (g/L) 32.94 7.40 34.91 7.46 33.82 6.95 33.94 6.89
Age at onset (year) 31.04 13.10 32.10 11.76 31.91 11.30 33.46 12.81
Disease course (month) 9.50 22.00 12.00 43.00 12.00 30.00 10.00 69.00
Smoker 60 17.14 93 27.76 41 25.95 7 26.92
Disease behavior

B1 (non-structuring-nonpenetrating) 186 53.14 117 34.93 52 32.91 14 53.85

B2 (stricturing) 120 34.29 165 49.25 82 51.90 10 38.46

B3 (penetrating) 21 6.00 23 6.87 5 3.16 1 3.85

B2 and B3 23 6.57 30 8.96 19 12.03 1 3.85
Perianal lesions 123 35.14 98 29.25 31 19.62 4 15.38
Disease active period (CDAI >150) 303 86.57 276 82.39 127 80.38 21 80.77
Other complications 85 24.29 45 13.43 17 10.76 6 23.08

Joint pain 12 3.43 0 0.00 2 1.27 1 3.85

Fever 55 15.71 30 8.96 9 5.70 2 7.69

Mouth ulcer 14 4.00 4 1.19 1 0.63 3 11.54

Abdominal mass 14 4.00 13 3.88 6 3.80 0 0.00
History of surgery 87 24.86 93 27.35 44 27.85 2 7.69

Partial resection of small intestine 0 65 19.40 36 22.78 1 3.85

Resection of ileocecum 21 6.00 3 0.90 2 1.27 0

Partial resection of small intestine + 0 3 0.90 1 0.63 0

resection of ileocecum

Right hemicolectomy 47 13.43 16 4.78 1 0.63 1 3.85

Partial resection of small intestine + right 0 6 1.79 4 2.53 0

hemicolectomy

Left hemicolectomy 5 1.43 0 0 0

Partial colectomy 9 2.57 0 0 0

Pancolectomy 5 1.43 0 0 0

Body weight and disease course were showed as median (IQR). Alboumin and age at onset were showed as mean (SD). CD, Crohn’s
disease; SD, standard deviation; EGD, esophago-gastroduodenal; g/L, gram per liter.

intolerance compared to the non-L4 patients (OR
1.65) (Tuble 3), especially those with proximal ileal or
jejunal involvement. In addition, the L4-jejunal patients
were more likely to have soybean and rice intolerance

© Annals of Translational Medicine. All rights reserved.

compared to the non-L4 patients (Figure 2C). The data
are summarized in Tables S7-S10.

L4 patients were more likely to have higher BMI, especially
those with L4 proximal ileal involvement, compared to the
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Figure 1 Basic situation, disease characteristics, and complications in L4 patients and each subgroup. (A) Comparison of gender and smoker
between L4 patients and each subgroup. (B) Comparison of age at onset and disease course between L4 patients and each subgroup. (C)
Comparison of disease behavior and perianal disease between L4 patients and each subgroup. (D) Comparison of disease complications and
abdominal surgery of L4 patients and each subgroup. Two sample #-test, the Mann-Whitney U test, and chi-square test were used. B1: non-
stricturing-nonpenetrating, B2: stricturing, B3: penetrating, B2 and B3: patients with both stricturing and penetrating behavior. *, P<0.05;
**, P<0.01. (A,B,C,D) Showed four shades of bars (from left to right: non-L4 patients, L4-proximal ileal, L4-jejunal and L4 EGD). SD,
standard deviation; IQR, inter-quartile range; EGD, esophago-gastroduodenal.

A C

100 T

Median +IQR

%

Body weight

* %
Hupn

o1 I I |

Cod

Albumin

Shrimp Tomato Soybean Rice Pork Milk  Wheat Egg Crab Comn Chicken Beef Mushroom

Figure 2 The body weight, albumin, and distribution of 14 kinds of food intolerance in L4 patients and each subgroup. (A) Comparison of
body weight between L4 patients and each subgroup. (B) Comparison of albumin between L4 patients and each subgroup. (C) Comparison
of 14 kinds of food intolerance between L4 patients and each subgroup. Two sample #-test, chi-square test were used. *, P<0.05; **, P<0.01.
(A,B,C) Showed four shades of bars (from left to right: non-L4 patients, L4-proximal ileal, L4-jejunal and L4 EGD). SD, standard deviation;
IQR, inter-quartile range; EGD, esophago-gastroduodenal.
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Table 3 The distribution of 14 kinds of food intolerance in L4 and non-L4 patients

All CD patients, N=355

L4 patients, N=223

Non-L4 patients, N=132

Food category

Odds ratio (95% CI) P value

N % N % N %
Shrimp 37 10.42 23 10.31 14 10.61 0.96 (0.48-1.95) 0.931
Tomato 205 56.16 139 62.33 66 50.00 1.65 (1.07-2.55) 0.023*
Soybean 187 51.23 125 56.05 62 46.97 1.44 (0.93-2.21) 0.098
Rice 216 59.18 143 64.13 73 55.30 1.44 (0.93-2.24) 0.100
Pork 9 2.47 5 2.24 4 3.03 0.73 (0.19-2.78) 0.648
Milk 69 18.90 38 17.04 31 23.48 0.66 (0.39-1.14) 0.138
Wheat 103 28.22 67 30.04 36 27.27 1.14 (0.71-1.84) 0.578
Egg 217 59.45 134 60.09 83 62.88 0.88 (0.57-1.38) 0.602
Crab 30 8.22 20 8.97 10 7.58 1.20 (0.54-2.65) 0.648
Corn 223 61.10 144 64.57 79 59.85 1.22 (0.78-1.90) 0.373
Cod 32 8.77 19 8.52 13 9.85 0.85 (0.40-1.78) 0.673
Chicken 15 4.11 11 4.93 4 3.03 1.66 (0.51-5.32) 0.389
Beef 4 1.10 3 1 0.76 1.78 (0.18-17.0) 1.000
Mushroom 31 8.49 18 13 9.85 0.80 (0.38-1.69) 0.567

*, P value is less than 0.05, with statistical difference. CD, Crohn’s disease.

non-L4 patients (Tables S11-S17). In addition, L4 patients
were more likely to have higher magnesium and lower
ferritin levels (Table S18). No significant differences were
seen between both groups in terms of serum iron, calcium,

vitamin B12, folate and vitamin D levels (Tables S18-524).

Relevant factors of L4 CD and subtypes in random forest
and logistic vegression models

As shown in Figure 34,B,C, the serum albumin level,
body weight and disease course showed higher MDG in
random forest for L4 CD and L4-proximal ileal. In logistic
regression, body weight (OR 1.054; 95% CI, 1.024-1.084),
disease course (OR 1.010; 95% CI, 1.001-1.020), stricturing
behavior (OR 4.998; 95% CI, 2.515-9.934) and tomato
intolerance (OR 1.313; 95% CI, 1.043-1.653) were the
independent risk factors of the L4 phenotype (Table 4). After
adjusting for weight, we found that BMI, disease course,
stricturing behavior and tomato intolerance were the
independent risk factors of the L4 phenotype (Table S25).
The significant factors associated with L4-proximal ileal
type included body weight (OR 1.042; 95% CI, 1.017-
1.067; P=0.001) and stricturing behavior (OR 3.152; 95%
CI, 1.781-5.580; P<0.001), and that for L4-jejunal were

© Annals of Translational Medicine. All rights reserved.

stricturing behavior (OR 4.206; 95% CI, 2.236-8.619;
P<0.001) and perianal disease (OR 0.339; 95% CI, 0.176-
0.653; P<0.001).

Discussion

Improvement in upper gastrointestinal examination
techniques has significantly increased the detection rate of
the CD L4 phenotype. Indeed, we documented a relatively
higher rate of L4 phenotypes (59.72%) compared to other
studies (4,6,7,16,17). This discrepancy can be attributed to
the larger cohort used in our study compared to previous
studies on Asian populations (6,16,17), as well as the
improvement in imaging techniques for the upper gastric
tract over the years. A recent prospective study showed that
combining small bowel capsule endoscopy and MRE altered
the original Montreal classification in 64% CD patients (18).
We established our diagnosis and classification based on
CTE, MRE, double-balloon enteroscopy and capsule
endoscopy as appropriate.

The L4 subtypes differ considerably in terms of clinical
manifestations and baseline nutritional status. A recent
study showed that L4 patients are more likely to present a
more complex disease, and those with jejunal involvement

Ann Transl Med 2020;8(21):1370 | http://dx.doi.org/10.21037/atm-20-2212
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Figure 3 The Random forest important ranking in L4 patients, L4-proximal ileal, and L4-jejunal. (A) The important ranking variables

of L4 patients. (B) The important ranking variables of L4-proximal ileal. (C) The important ranking multiple variables of L4-jejunal. We

used the “feature_importances” function in the python sklearn package in python to obtain the metric MDG and display from high to low.

MDG provides the ways to quantify which factors contribute most to classification accuracy. Greater MDG will indicate that the degree

of impurity arising from category could be reduced farthest by one variable, and thus suggests an important associated factor. MDG, mean

decrease Gini.

have a higher risk of stricturing (4). In our cohort, both
L4-jejunal and proximal ileal patients showed increased
stricturing behavior. Nevertheless, the rate of surgical
diagnosis was similar between the L4 and non-L4 patients
unlike previous reports. Since a higher disease activity
correlates to a higher surgical rate (19), we can attribute
this observation to the similar disease activity and CDAI
scores between both groups. Our study confirmed previous
reports showing higher risk of L4 among male patients

© Annals of Translational Medicine. All rights reserved.

and smokers, as well as the prolonged disease course of L4
patients (3). In addition, both factors were more prevalent
in the proximal ileal and jejunal subtypes.

Several studies have associated L4 with disease relapse,
surgical intervention and worse prognosis, but few
have reported on the nutritional status of L4 patients
at diagnosis. Body weight and albumin levels are direct
indicators of nutritional status. The L4 patients were
overweight and had higher albumin levels compared to the
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Table 4 Logistic regression analysis of independent risk factors of
L4 patients

Factors Odds ratio (95% Cl) P value
Body weight 1.054 (1.024-1.084) 0.000
Disease course 1.010 (1.001-1.020) 0.027
Stricturing behavior 4.998 (2.515-9.934) 0.000
Tomato intolerance 1.313 (1.043-1.653) 0.021

non-L4 patients, especially those with proximal ileal disease.
In fact, both factors had the higher MDG value in L4 and
L4-proximal ileal patients (Figure 3A4,B). Since weight does
not fully represent the nutritional status, we then compared
the BMI between L4 patients and non-L4 patients, and
found that the former had higher BMI. This is particularly
intriguing since inflammation of the small bowel rather
than colonic disease leads to protein-energy malnutrition
and specific nutrient deficiency (8). There could be several
reasons for our contradictory findings. First, food intake
is a major factor affecting CD (20), and sweets and fats in
particular are associated with CD aggravation (21). These
foods are potentially antigenic and can trigger chronic mild
inflammation in the gut, leading to changes in nutritional
levels (22). Therefore, we also analyzed the FI profile of
the L4 patients. Tomato intolerance was an independent
risk factor in L4 patients (Tables 3,4), and its potential role
in CD needs to be examined further. Second, patients with
CD have an increased risk of developing exocrine pancreatic
insufficiency (EPI) (23), which may lead to dyspepsia,
malabsorption and malnutrition (23). EPI-induced decrease
in the activity of digestive enzymes is related to disease
localization and the extent of bowel involvement of CD
(24,25). Thus, secondary EPI is a possible reason of the
different nutritional levels at diagnosis. Furthermore,
heterogenous disease activity may also have resulted
aberrantly higher weight and albumin seen in the L4
patients of our cohort. Malnutrition in CD is influenced by
several factors, including the activity, duration and extent
of the disease, and especially the severity of inflammatory
response (11). In fact, recent studies recommend assessment
of endoscopy and histological inflammation apart from
clinical symptoms in the CD patients (26,27), and chronic
inflammation can be a causative factor of the nutritional
differences seen in patients at diagnosis.

The large cohort and advanced imaging techniques
used in our study resulted in a significantly higher rate of
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documented L4 disease compared to other studies. We also
found that the proximal ileal subtype was predominant in
prolonged disease and presence of stricturing behavior.
Furthermore, we confirmed a higher nutritional level
at diagnosis in the L4 patients, especially those with
proximal-ileal involvement. There are however some
limitations in our study that ought to be addressed. First,
the retrospective design of the study limited the translation
of a positive association to causality. Second, body weight,
BMI and albumin levels may not be representative of the
true nutritional status of CD patients. Finally, despite
the apparent role played by FI, the exact pathological
relationship between food and CD is not fully clear.
Therefore, further prospective trials with multiple nutrition
factors and questionnaires should be conducted in order to
elucidate the potential associations between CD subtypes
and nutritional status.

In conclusion, the L4 phenotype is more common in
male patients, and in those with prolonged disease course,
stricturing behavior and other complications. In addition,
the L4 patients had higher weight and BMI, lower ferritin
levels and higher albumin levels at the time of diagnosis,
which may be related to FI and disease activity. Our findings
provide relevant clinical information for evaluating the
nutritional status of CD patients with different phenotypes
at the time of diagnosis.
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