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Abstract
BACKGROUND
In recent years, an increasing prevalence of obesity in inflammatory bowel disease (IBD) has been observed. Obesity, moreover, has been directly correlated with a more severe clinical course and loss of response to treatment.

AIM
To assess the prevalence and associated factors of obesity in IBD.

METHODS
We collected data about IBD disease pattern and activity, drugs and laboratory investigations in our center. Anthropometric measures were retrieved and obesity defined as a body mass index (BMI) > 30. Then, we compared characteristics of obese vs non obese patients, and Chi-squared test and Student’s t test were used for discrete and continuous variables, respectively, at univariate analysis. For multivariate analysis, we used binomial logistic regression and estimated odd ratios (OR) and 95% confidence intervals (CI) to ascertain factors associated with obesity.

RESULTS
[bookmark: _Hlk57133964]We enrolled 807 patients with IBD, either ulcerative colitis (UC) or Crohn’s disease (CD). Four hundred seventy-four patients were male (58.7%); the average age was 46.2 ± 13.2 years; 438 (54.2%) patients had CD and 369 (45.8%) UC. We enrolled 378 controls, who were comparable to IBD group for age, sex, BMI, obesity, diabetes and abdominal circumference, while more smokers and more subjects with hypertension were observed among controls. The prevalence of obesity was 6.9% in IBD and 7.9% in controls (not statistically different; P = 0.38). In the comparison of obese IBD patients and obese controls, we did not find any difference regarding diabetes and hypertension prevalence, nor in sex or smoking habits. Obese IBD patients were younger than obese controls (51.2  ± 14.9 years vs 60.7 ± 12.1 years, P = 0.03). At univariate analysis, obese IBD were older than normal weight ones (51.2 ± 14.9 vs 44.5 ± 15.8, P = 0.002). IBD onset age was earlier in obese population (44.8 ± 13.6 vs 35.6 ± 15.6, P = 0.004). We did not detect any difference in disease extension. Obese subjects had consumed more frequently long course of systemic steroids (66.6% vs 12.5%, P = 0.02) as well as antibiotics such as metronidazole or ciprofloxacin (71.4% vs 54.7%, P = 0.05). No difference about other drugs (biologics, mesalazine or thiopurines) was observed. Disease activity was similar between obese and non obese subjects both for UC and CD. Obese IBD patients suffered more frequently from arterial hypertension, type 2 diabetes, non-alcoholic fatty liver disease. Regarding laboratory investigations, obese IBD patients had higher levels of triglyceridemia, fasting blood glucose, gamma-glutamyl-transpeptidase. On multivariate analysis, however, the only factor that appeared to be independently linked to obesity in IBD was the high abdominal circumference (OR = 16.3, 95%CI: 1.03-250, P = 0.04).

CONCLUSION
Obese IBD patients seem to have features similar to general obese population, and there is no disease-specific factor (disease activity, extension or therapy) that may foster obesity in IBD.
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Core Tip: Obesity in inflammatory bowel disease (IBD) may be correlated with a more severe clinical course and loss of response to treatment. We did not find any peculiar difference between obese IBD patients and controls. On the other hand, it is possible that some drugs, such as steroids or antibiotics may contribute to the development of obesity in IBD, despite our results suggest that a more complex interaction of several factors could be more likely.

INTRODUCTION
Obesity is a growing problem in developed countries, since it is going to become the leading cause for mortality due to cardiovascular events[1]. In Italy, it is estimated that about the 18% of population is suffering from obesity[2]. The World Health Organization (WHO) defines obesity by a value of body mass index (BMI) above 30 kg/m2, but obesity underlies as well an excessive visceral fat distribution, with several alterations at hormonal, inflammatory and endothelial level[3]. Inflammatory bowel disease (IBD) is a group of chronic inflammatory autoimmune disorders of gastrointestinal tract, mainly represented by Crohn’s disease (CD) and ulcerative colitis (UC). The problem of obesity is spreading in the context of IBD, since, in the past, it has been rarely recognized for the frequent association between IBD and malnutrition. However, nowadays, novel and more effective drugs are able to stop the progression of the disease, thus preventing malnutrition[4]. Indeed, a study performed in 2002 found a prevalence of obesity in CD of about 3%[5]; one decade later, however, in another study a prevalence of 31.5% was recorded[6]. Co-occurrence of obesity and IBD is not just a casual phenomenon and it has been emphasized that obesity may lead to a higher risk of perianal complications, higher hospitalization rates and greater risk of disease flares[5]. Moreover, obese patients with IBD on azathioprine were more likely to need courses of systemic corticosteroids and had higher recurrence rates after stopping the drug[7]. Furthermore, it has been estimated that an increase of one unit of BMI may increase the risk of therapeutic failure of 4%[8] and, in particular, a high BMI was an independent predictor of adalimumab therapy failure[9]. Considering that IBD per se could increase the risk of endothelial dysfunction and cardiovascular risk[10,11], the association between obesity and IBD may represent a very important issue.
Therefore, we aimed, in a case-control study, to investigate the prevalence of obesity in IBD patients and detect possible factors associated to this condition.

MATERIALS AND METHODS
Patients
We consecutively recruited IBD patients referred to our outpatient tertiary Gastroenterology Unit (University Hospital Policlinico, Bari, Italy) in the period October 2016-October 2017. We only excluded patients aging < 18, doubtful IBD diagnosis and those who refused to participate in the study. Outpatients with functional gastrointestinal disorders constituted the control group. The study was approved by the independent Ethics Committee of the Policlinico di Bari (protocol No. 4862) and was performed according to the Helsinki declaration 1975 statements.
For each patient, age, sex, abdominal circumference, weight and BMI, smoking habits and relevant comorbidities were collected. Obesity was diagnosed when BMI > 30[3]. For IBD patients, the diagnosis was achieved by a combination of endoscopy, histology (in all cases) and, for all CD patients, a transmural evaluation by magnetic resonance enterography. Then, we collected data about IBD staging (according to Montreal classification), clinical disease activity [partial Mayo for UC and Harvey-Bradshaw index (HBI) for CD] and specific therapies. For IBD patients we recorded data about laboratory investigations, in particular full blood count, erythrocyte sedimentation rate (ESR), C reactive protein (CRP), parameters of liver function, glucose and fat homeostasis. Liver steatosis was diagnosed by abdominal ultrasound, according to known criteria and already described in a previous experience[12,13].
Controls underwent only anthropometric and clinical history assessment, because all examinations that have been performed for IBD are not indicated nor refunded by Italian Health Service.

Statistical analysis
At univariate analysis, we compared IBD patients with and without obesity. Student's t test was used for continuous variables, while the chi-square test was used for discrete variables. Correlation was analyzed by Pearson’s r. Significant factors in univariate analysis were analyzed at multivariate analysis by binary logistic regression, considering obesity as an independent variable. Odds ratios (ORs) and respective 95% confidence intervals (CI) were calculated. All analyses were two-tailed; P values ​​< 0.05 were considered statistically significant. The analysis was carried out using SPSS.21 software for Windows.

RESULTS
Patients characteristics
We enrolled 807 patients with IBD. The process of patients selection is reported in Figure 1. Four hundred seventy-four patients were male (58.7%); the average age was 46.2 ± 13.2 years. The average age of onset of IBD was 20 ± 9.4 years and we did not find any difference of age onset between UC and CD (19.8 ± 6.8 vs 20.4 ± 6.2; P = 0.19). Of these, 438 (54.2%) patients had CD and 369 (45.8%) UC.
The majority of CD patients had an inflammatory behavior (54.1%) and an ileal localization (45.2%); perianal involvement was reported only in 3 patients (0.68%). The 24.9% of patients with CD had undergone previous surgical treatment. The average clinical disease activity detected at enrollment and assessed by Harvey Bradshaw Index was 1.3 ± 2.4.
Regarding UC, 164 (44.4%) patients had proctitis. 30 patients (8.1%) had undergone colectomy. The mean clinical activity of disease detected at the time of enrollment, assessed by Mayo partial Score, was 1.7 ± 1. Further details about baseline features of IBD population are reported in Table 1.
We enrolled 378 controls, who were comparable to IBD group for age and sex, as shown in Table 2, reporting the main characteristics of IBD patients and controls. 
The prevalence of obesity was 6.9% in IBD and 7.9% in controls (not statistically different; P = 0.38). Values of BMI were comparable between the two groups (24.5 ± 5.0 vs 24.4 ± 4.4, P = 0.74). More patients with hypertension and more smokers were observed in control group. Obesity rate did not differ between CD and UC (respectively 7.3% and 6.5%, P = 0.65).

Obesity in IBD vs controls
In the comparison of obese IBD patients and obese controls, we did not find any difference in main comorbidities (diabetes and hypertension). No differences in sex or smoking habits were observed. Obese IBD patients were younger than obese controls (51.2  ± 14.9 years vs 60.7 ± 12.1 years, P = 0.03). Additionally, an abdominal circumference > 102 cm in males and > 88 cm in females was observed more frequently in obese IBD group (83.9% vs 46.7%, P < 0.001). The results of such analyses are graphically represented in Figure 2.

Factors associated to obesity in IBD
At univariate analysis, we compared IBD obese vs IBD non obese patients. We observed that obese ones were older than normal weight subjects (51.2 ± 14.9 vs 44.5 ± 15.8, P = 0.002). IBD onset age was earlier in obese population (44.8 ± 13.6 vs 35.6 ± 15.6, P = 0.004). We did not detect any difference regarding other considered characteristics of IBD, such as disease location according to Montreal classification. When the drugs used for IBD therapy were taken into account, obese subjects had consumed more frequently long courses of systemic steroids (66.6% vs 12.5%, P = 0.02) as well as antibiotics such as metronidazole or ciprofloxacin (71.4% vs 54.7%, P = 0.05). No difference about other drugs (biologics, mesalazine or thiopurines) was observed.
Disease activity was similar between obese and non obese subjects both for UC and CD. Indeed, among UC patients, we did not find any correlation between BMI and partial Mayo subscore (r = -0.06; P = 0.25), as illustrated in Figure 3A. Clinical remission phase was observed respectively in the 41.6% and 49.3% of obese and non obese UC patients (P = 0.53; Figure 3B). Among CD patients, we similarly did not detect any correlation between BMI and HBI (r = -0.09; P = 0.08), as reported in Figure 4A. Clinical remission phase was observed respectively in the 93.7% and 87.7% of obese and non obese CD patients (P = 0.41; Figure 4B).
Obese IBD patients suffered more frequently from arterial hypertension (42.8% vs 15.3%, P < 0.001), type 2 diabetes (21.4% vs 3.7%, P < 0.001), liver steatosis (76.8% vs 25.2%, P < 0.001), and had a significantly higher value of abdominal circumference equal to or greater than the cut-offs of central obesity (83.9% vs 17.3%, P < 0.001). Regarding laboratory investigations, obese IBD patients had higher levels of triglyceridemia (161 ± 71 vs 107 ± 55, P < 0.001), fasting blood glucose (113 ± 46 vs 89 ± 18, P < 0.001) , gamma-glutamyl-transpeptidase (0.89 ± 0.99 vs 0.55 ± 0.91, P = 0.04), and low blood levels of HDL Cholesterol (47 ± 12 vs 56 ± 19, P = 0.001).
On multivariate analysis, however, the only factor that appeared to be independently linked to obesity in IBD was the high abdominal circumference (OR = 16.3, 95%CI: 1.03-250, P = 0.04).

DISCUSSION
The prevalence of obesity in IBD, a hot topic at the moment, has been investigated in several studies, showing highly variable values ranging from 5% to 30%[5,6]. A Scottish study based on a population of 489 IBD patients showed that 18% of patients had the features of obesity (compared to 23% of the general population); obese patients with CD were 18%, while obese patients with UC were 17.5%[14]. In the present study, we found a similar prevalence between controls and IBD which seems to confirm data from literature. The obesity rate in our cohort (6.9%) was only slightly lower than the 10.8% in the general population reported according to the European Eurostat survey[15]. Our results, additionally, underline that obesity in IBD patients has some peculiar features in comparison with obese controls. In detail, obese IBD subjects are younger than control counterpart, and this could be explained by the fact that, during the history of the disease, some factors such as steroid consumption could have favored weight gain. However, only at univariate analysis, steroid use was a predictor of obesity in IBD even if we were able to evaluate simply the exposure, and not its amount, and this could be considered as a limitation in our study. Additionally, the number of relapses occurred during the clinical history of patients was not collected from medical records, and this could be another limitation. Another feature of obese IBD patients is that they tend to have less frequently a large abdominal circumference than obese controls (Figure 2G), thus suggesting the possibility that fat distribution could be also localized in areas different than waist, such as hip or limbs. Indeed, some studies evidenced that in IBD the ratio between visceral and subcutaneous fat is altered[16] compared to healthy population, and this may explain our finding. Unfortunately, we did not take other anthropometric measurements, therefore we were unable to confirm this hypothesis.
Furthermore, we did not find any correlation between disease activity and BMI. This could be in disagreement with some literature data, showing that visceral fat[17,18] and high BMI[19] are associated with a dismal prognosis. However, our study was cross-sectional, therefore we could not evaluate the evolution of the disease during a follow up period. This could be acknowledged as another limitation. Nevertheless, some other studies did not find a strong association between BMI and disease activity and prognosis[20-23], and this underlines how this topic is still debated and with conflicting evidences.
Another important finding was that only the abdominal circumference was independently associated with obesity in IBD. We are aware that this could be an obvious result, but if we consider that it was not very common in our cohort (less than 50%), it is noteworthy to be underlined. Systemic steroids were associated with obesity only at univariate analysis, and this is an easily comprehensible link that has been already elucidated in literature[24]. Another interesting result was the most extensive use of antibiotics in obese IBD subjects. It is presumable that they could promote a dysbiosis, which in turn might facilitate the development of obesity, as already suggested by many clinical and basic science studies[25]. Finally, the high risk of diabetes, hypertension and liver steatosis is a well know phenomenon that seems to be related to obesity rather than to IBD itself[26].

CONCLUSION
In conclusion, our study may lay the foundation for some additional speculations. Since epidemiologically IBD are increasing in developed countries, the pathogenetic role and influence on the outcome of disease played by the diet should not be underestimated and must be further investigated. In this regard, it has been already demonstrated that IBD patients, even in remission phase, tend to have a high lipid and low fiber intake[27]. Furthermore, It may be useful to plan new clinical studies aimed at evaluating clinical, laboratory and endoscopic parameters at the baseline and following BMI changes induced by dietary regimens, since this topic is still very poorly investigated.

ARTICLE HIGHLIGHTS
Research background
In recent years, an increasing prevalence of obesity in inflammatory bowel disease (IBD) has been observed.

Research motivation
To investigate the relationship between obesity and IBD.

Research objectives
To evaluate the prevalence of obesity in IBD and associated factors.

Research methods
We collected data about IBD disease pattern and activity, drugs and laboratory investigations in our center. Anthropometric measures were retrieved and obesity defined as a body mass index (BMI) > 30. Then, we compared characteristics of obese vs non obese patients, and Chi-squared test and Student’s t test were used for discrete and continuous variables, respectively, at univariate analysis. For multivariate analysis, we used binomial logistic regression and estimated odd ratios and 95% confidence intervals to ascertain factors associated with obesity.

Research results
The prevalence of obesity was 6.9% in IBD and 7.9% in controls (not statistically different; P = 0.38). Obese IBD were older than normal weight ones. IBD onset age was earlier in obese population. Obese subjects had consumed more frequently long course of systemic steroids as well as antibiotics such as metronidazole or ciprofloxacin. Obese IBD patients suffered more frequently from arterial hypertension, type 2 diabetes, non-alcoholic fatty liver disease. On multivariate analysis, however, the only factor that appeared to be independently linked to obesity in IBD was the high abdominal circumference.

Research conclusions
Obese IBD patients seem to have features similar to general obese population, and there is no disease-specific factor (disease activity, extension or therapy) that may foster obesity in IBD.

Research perspectives
Dietary interventions to explore whether BMI variation may have some benefit on IBD course are warranted.
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Figure Legends
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Figure 1 Flowchart reporting the process of patients selection. IBD: Inflammatory bowel disease.
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[bookmark: _Hlk57133852]Figure 2 Comparison between obese inflammatory bowel disease and controls. A: Age; B: Body mass index; C: Sex; D: Smoking habits; E: Diabetes; F: Hypertension; G: Abdominal circumference > 102 in males and > 88 in females; H: Liver steatosis. BMI: Body mass index.
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Figure 3 Correlation between ulcerative colitis clinical activity and body mass index. A: Scatterplot of body mass index and partial Mayo scores; B: Distribution of activity phase according to obesity status. BMI: Body mass index.
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Figure 4 Correlation between Crohn’s disease clinical activity and body mass index. A: Scatterplot of body mass index and Harvey-Bradshaw index scores; B: Distribution of activity phase according to obesity status. BMI: Body mass index; HBI: Harvey-Bradshaw index.

Table 1 Baseline demographic and disease characteristics of inflammatory bowel disease population
	Parameter
	Mean ± SD or n (%)

	Age (yr)
	46.2 ± 13.2

	Sex
	

	Male
	474 (58.7)

	Female
	333 (41.3)

	[bookmark: _Hlk17979179]Smokers
	132 (16.4)

	BMI (kg/m2)
	24.5 ± 5.0

	CD
	438 (54.2)

	UC
	369 (45.8)

	IBD age onset
	20.0 ± 9.4 

	HBI
	1.3 ± 2.4

	CD behavior
	

	Inflammatory B1
	237 (54.1)

	Stricturing B2
	128 (29.2)

	Penetrating B3
	60 (16.7)

	CD extension
	

	L1 Ileal
	198 (45.2)

	L2 colic
	44 (10.0)

	L3 ileocolic
	164 (37.4)

	Perianal
	3 (0.68)

	L4 upper GI
	16 (3.6)

	UC extension
	

	Proctitis E1
	164 (44.4)

	Left colitis E2
	55 (14.9)

	Pancolitis E3
	123 (40.7)

	Mayo Score
	1.7 ± 1

	CD previous surgery
	109 (24.9)

	Colectomy for UC
	30 (8.1)

	Azathioprine
	300 (37.2)

	Systemic corticosteroids
	

	< 3 courses/yr
	471 (58.4)

	> 3 courses/yr
	101 (12.5)

	Topical corticosteroids
	

	In course
	94 (11.6)

	Previously taken
	190 (23.5)

	Infliximab
	147 (18.2)

	Adalimumab
	131 (16.2)

	Golimumab
	28 (3.5)

	Vedolizumab
	35 (4.3)

	Antibiotics
	451 (55.9)

	Diabetes
	39 (4.8)

	Hypertension
	79 (9.8)

	Waist circumference (> 102 cm males, > 88 females)
	138 (17.1)

	Liver steatosis
	232 (28.7)


BMI: Body mass index; UC: Ulcerative colitis; CD: Crohn’s disease; IBD: Inflammatory bowel disease; HBI: Harvey-Bradshaw index; SD: Standard deviation; GI: Gastrointestinal.

Table 2 Main characteristics of inflammatory bowel disease patients and controls
	Variable
	IBD (n = 807)
	Controls (n = 378)
	P value

	Age 
	46.2 ± 13.2
	45.9 ± 17.7
	0.66

	Male sex
	474 (58.7%)
	210 (55.5%)
	0.30

	BMI
	24.5 ± 5.0
	24.4 ± 4.4
	0.74

	Obesity 
	56 (6.9%)
	30 (7.9%)
	0.38

	Diabetes 
	39 (4.8%)
	14 (3.7%)
	0.77

	Smokers 
	132 (16.4%)
	90 (23.8%)
	0.002

	Hypertension 
	79 (9.8%)
	82 (21.7%)
	< 0.001

	Abdominal circumference > 102 in males, > 88 in females
	138 (17.1%)
	76 (20.1%)
	0.21


BMI: Body mass index; IBD: Inflammatory bowel disease.
image2.png
Age

P=0.03
80
60 T
40
20
&
é,z
®
Diabetes
25 P=0.40
20
15
10
5
)
e\‘b

50

40
30

50
40

30
20

10

BMI

P=0.17

Hypertension G
P=0.16
%
)
e,& @\‘,
& &
(40
z,_}z

100
80

% 60

40
20

Large abdominal circumference

Male sex

P=0.31

P <0.001
100
80
60
40
20
L
'—F’S’
&
&

Smoke
25 pP=1
20
15
10
5
$
e'z’\Q)
&
* &
&7
(o4
H Steatosis
P=0.49
50
40
30
20
10





image3.png
BMI

40

30

20

r=-0.06; P=0.25

. .
. ! i
i i :
H i i
| | I i
]

i

. : !
H H § :
T T T T
0 1 2 3

Partial Mayo

200

100

150

50

P=0.53

1 e e

Mild activity Remission

[ Obese
[_] Non obese




image4.png
50

40

20

r=-0.09; P=0.08

. . .
;
: . . .
] H
. !-.
.
« 0 3
. :
. . .
‘,I..
i
: .
A ot
. .
0 1 2 3 4 5 6 7

HBI

400

300

200

100

P=0.41

[ ewm

Mild activity

Remission

[ Obese
[ Non obese




image1.png
815

IBD patients
8 excluded
2 age< 18
1 refused to participate
5 insufficient data
807

Entered the study

391
Controls
13 excluded
2 age<18
7 refused to participate
4 insufficient data
378

Enteredthe study





