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Multidimensional Impact of Mediterranean Diet on IBD Patients
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Background & Aims: Malnutrition with the accumulation of fat tissue and nonalcoholic fatty liver disease (NAFLD) are conditions associated
with inflammatory bowel disease (IBD). Visceral fat and NAFLD-related liver dysfunction can both worsen intestinal inflammation. Because the
Mediterranean diet (Md) has been shown to ameliorate both obesity and NAFLD, the aim of this study was to analyze the impact of Md on the
nutritional state, liver steatosis, clinical disease activity, and quality of life (QoL) in IBD patients.

Methods: Patients with IBD, both Crohn’s disease (CD) and ulcerative colitis (UC), followed Md for 6 months. Their body mass index (BMI),
body tissue composition, liver steatosis and function, serum lipid profile, clinical disease activity, and inflammatory biomarkers (C-reactive pro-
tein and fecal calprotectin) were collected at baseline (T0) and compared with those obtained after 6 months (T180) to evaluate the impact of Md.

Results: One hundred forty-two IBD patients, 84 UC and 58 CD, followed Md for 6 months. At T180, diet-adherent CD and UC improved
BMI (UC —0.42, P = 0.002; CD —0.48, P = 0.032) and waist circumference (UC —1.25 cm, P = 0.037; CD —1.37 cm, P = 0.041). Additionally,
the number of patients affected by liver steatosis of any grade was significantly reduced in both groups (UC TO 31 of 84 [36.9%)] vs T180 18 of
84 [21.4%], P = 0.0016; CD TO0 27 of 58 [46.6%] vs T180 18 of 58 [31.0%], P < 0.001) after dietary intervention. Finally, after 6 months of the
diet, fewer UC and CD patients with stable therapy had active disease (UC TO 14 of 59 [23.7%] vs T180 4 of 59 [6.8%], P = 0.004; CD T0 9 of 51
[17.6%] vs T180 2 of 51 [3.0%], P = 0.011) and elevated inflammatory biomarkers. Mediterranean diet improved QoL in both UC and CD, but
neither serum lipid profile nor liver function were modified by the diet.

Conclusions: A significant reduction of malnutrition-related parameters and liver steatosis was observed in both CD and UC patients after
short-term dietary intervention based on the adoption of Md, and this was associated with a spontaneous improvement of disease activity and

inflammatory markers.
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INTRODUCTION
Inflammatory bowel diseases (IBD), whose main forms
are ulcerative colitis (UC) and Crohn’s disease (CD), are char-
acterized by chronically relapsing-remitting inflammation
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of the gastrointestinal (GI) tract." > Despite the increasing
number of new drugs available for the treatment of IBD, clin-
ical remission is reached in less than half of the patients, and
loss of response in initially responsive patients is observed
over time with negative impact on disease progression and
quality of life (QoL).? In the context of IBD clinical manage-
ment, the role of the diet is probably underestimated. Diet
represents one of the main determinants of human gut mi-
crobiota, and a misbalanced diet can contribute to establish
a condition of dysbiosis with multiple effects on the host ho-
meostasis. Dysbiosis has been shown to induce and sustain
intestinal inflammation directly and indirectly promoting the
development of adipose tissue, which represents an important
source of pro-inflammatory cytokines.* > Moreover, dysbiosis
and obesity sustain the accumulation of fat in the liver and
the increase of intestinal permeability.® In turn, the influx of
bacterial components such as lipopolysaccharide (LPS) have
been shown to promote liver inflammation and fibrosis in an-
imal models of liver steatosis.” Inflammation-induced liver
dysfunction and the alteration of bile acid conjugation might
also sustain intestinal inflammation through the induction of
dysbiosis.® Overall, these evidences suggest that the systemic
disorder involving the adipose tissue, the liver, and more re-
cently the gut microbiota might be factors of a self-sustaining
pro-inflammatory mechanism operating in IBD.
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According to this hypothesis, obesity and its related
comorbidities have been observed in IBD, previously believed
to be a condition characterized by undernourishment and low
body mass index (BMI). Increasing evidences show that IBD
does not strictly imply hyponutrition but frequently leads to
malnutrition, with an increased risk for IBD patients, both chil-
dren and adults, to be overweight or obese.” In a recent study,
Lomer et al found in a cohort of 390 IBD patients an over-
weight and obesity prevalence of 29% and 18%, respectively
with only 16 patients (4%) underweight.!® Moreover, visceral
adipose tissue (VAT) has been associated with complicated
disease, higher rate of postoperative recurrence in CD ,and
more severe disease course, thus implying that adipose tissue
might worsen inflammation in IBD.!! Finally, obesity has been
associated with poor response to conventional and biological
therapies in both CD and UC." Strictly related to obesity and
malnutrition is the development of nonalcholic fatty liver di-
sease (NAFLD). The prevalence of NAFLD in IBD has been
shown to be around 30%—-40%, thus suggesting that IBD pa-
tients might be at risk of NAFLD and NAFLD-related com-
plications.!> 13

Despite the increased prevalence of overweight and obe-
sity in the IBD population, the impact of nutritional interven-
tion on disease activity, response to therapies, obesity-related
comorbidities such as NAFLD, and QoL is poorly defined.

The Mediterranean diet (Md)—characterized by a high
consumption of vegetables, fruits, cereals, nuts, legumes, un-
saturated fat such as olive oil, a medium intake of fish, dairy
products, wine, a low consumption of saturated fat, meat,
and sweets—was associated to reduced inflammation and was
shown to be protective in some diseases such as colorectal
cancer." The primary endpoint of this study was to evaluate
the impact of Md on IBD patients’s nutritional status, presence
and severity of liver steatosis, response to therapy, and QoL.

MATERIALS AND METHODS

Study Design and Population

This is a prospective, interventional study aiming at
evaluating the impact of Md on disease activity, obesity,
obesity-related complications, and QoL in IBD patients. To
this end, between January 2018 and December 2018, patients in
active follow-up at the Gastroenterology Unit of the University
Hospital Monserrato, University of Cagliari, Italy, were pro-
spectively examined for inclusion and exclusion criteria. At
baseline (T0), each patient underwent clinical and disease ac-
tivity evaluation. Blood tests exploring liver function and fat
metabolism were performed. Fecal calprotectin was also tested
at baseline and at T180. Abdominal ultrasound was performed
in all of the enrolled patients to establish the presence and se-
verity of NAFLD. Nutritional status was evaluated and the
following anthropometric parameters recorded: weight, BMI,
visceral fat, lean body mass, fat body mass, waist circumference
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using Body Composition Monitor (Omron Healthcare Co.,
Ltd, Kyoto, Japan). Patients were also asked to fill out the
Inflammatory Bowel Disease Questionnaire (IBD-Q) to es-
timate perception of their own QoL. Dietary habits were
examined through 24 hours’ recall as previously reported.!
Anthropometric measurements and each 24 hours’ dietary re-
call were recorded into the Dieto System Terapia Alimentare
(DS Medica S.r.I., Milano, Italy) software for nutrients.

Nutritional counseling was performed by a nutritionist
searching for incorrect dietary habits and giving patients advice
with the objective of improving adherence to Md and redis-
tributing nutrients through 3 principal meals and 2 light snacks
during the day. Hypocaloric diet was given in the presence of
obesity. In all the other cases, an isocaloric diet was prescribed.
After 6 months (T180), adherence to diet was assessed by the
nutritionist in all patients enrolled in the study; and disease ac-
tivity, anthropometric measurements, abdominal ultrasound,
and QoL were reevaluated after dietetic intervention. We also
collected data on patients’ therapy at baseline and T180 to ex-
clude therapy changes or dose escalations as confounders.

The research project was approved by the Ethics Board
(Prot. PG/2018/15554). The study was conducted according to
the Helsinki Declaration.

Outcomes of the Study

The primary outcome of the study was to evaluate the
impact of short-term dietary intervention based on the adop-
tion of the Md on anthropometric parameters (ie, BMI, waist
circumference, lean and fat body mass, and visceral fat), serum
lipid profile, liver function and steatosis, and intestinal disease
activity in an unselected population of IBD patients.

Inclusion and Exclusion Criteria

Patients age 18 years or older with diagnosis of IBD for
at least 6 months in active follow-up were enrolled.

Exclusion criteria were inability to provide a valid in-
formed consent, pregnancy, significant alcohol consumption
(220 and 230 g per day in females and males, respectively), and
any other causes of chronic liver disease.

Diagnostic Criteria

Inflammatory bowel disease diagnosis was performed by
combination of clinical examination, endoscopy, radiological
signs, and chemical and histologic analyses. The disease ac-
tivity was calculated by Crohn’s disease activity index (CDAI)
and partial Mayo score (PMS) for CD and UC, respectively.
Disease extension was evaluated by endoscopy and/or CT- or
MRI-enteroclysis according to national and international
guidelines.’?

An expert GI radiologist performed abdominal ultra-
sound to estimate the presence of NAFLD. Typical findings such
as bright liver echo pattern, higher than renal cortex, and loss
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of resolution of intrahepatic structures were evaluated. Hepatic
steatosis was graded as follows: grade 0, normal echogenicity;
grade 1, slight and diffuse increase of fine parenchymal echoes,
normal visualization of diaphragm, and intrahepatic vessel
borders; grade 2, moderate, diffuse increase in fine echoes with
slightly impaired visualization of intrahepatic vessels and dia-
phragm; grade 3, marked increase in fine echoes with poor or
nonvisualization of the intrahepatic vessel borders, diaphragm,
and posterior right lobe of the liver.! To be defined on stable
therapy, patients had to have no therapy changes during the
observation period (ie, neither change of current drug dosage
or way of administration nor introduction of new drugs) and
had to be on biologics and/or thiopurines for at least 6 months
before enrolment.

Dietary Assessment and Counseling

All  patients underwent nutritional evaluation.
Anthropometric measurement (eg, BMI, waist circumference,
visceral fat, body fat, lean body mass) were assessed using
Body Composition Monitor (Omron Healthcare) to evaluate
the presence and grade of obesity. A 24-hour dietary recall was
performed to estimate the usual dietary intake. The nutritionist
entered the anthropometric measurements and each 24-hour
dietary recall into the Dieto System Terapia Alimentare soft-
ware for nutrients. Based on nutritional analysis, specific indi-
cations were given to correct excessive intake of proteins, lipids,
and sweets. Moreover, according to the current literature,!’
the consumption of vegetables (=2 servings every meal), fruits
(1-2 servings every meal), breads and cereals (1-2 servings
every meal), olive oil every meal, legumes (=2 servings weekly),
fish/seafood (=2 servings weekly), eggs (2-4 servings weekly),
poultry (2 servings weekly), dairy foods (2 servings daily), and
low consumption of red meat (<2 servings weekly) and sweets
(<2 serves weekly) were recommended. Patients’ adherence to
diet was evaluated during the nutritional interview at T180.

Statistical Analysis

Continuous variables were reported as mean (£SD), and
categorical variables were reported as number of cases and per-
centages. Different tests were performed to compare variables
at baseline (T0) and after 6 months (T180). Paired ¢ test for
continuous variables, Wilcoxon matched-pairs signed-ranks
test for qualitative ordinal variables, and McNemar Test for di-
chotomous variables. P < 0.05 was considered significant for all
tests. Analyses were performed using STATA/SE, version 14,
software (StataCorp LP, College Station, TX, USA).

RESULTS
From January 2018 to December 2018, a total of 223
IBD patients in active follow-up at the University Hospital
Monserrato, University of Cagliari, Italy, were screened. Fifty-
eight patients (38%) were excluded because they did not match

the inclusion criteria. Of the 165 patients enrolled in the study
at baseline, 142 (86.1%) resulted adherent to the nutritional
prescription; however in the remaining patients, adherence was
considered insufficient, and they were discarded from the anal-
ysis (Fig. 1). Among the adherent patients, 84 were diagnosed
with UC (59.2%) and 58 CD (40.8%). The median age was 52
(iterquartile range [IQR] 44.5-61.3) and 48 (IQR 34.8-57.5)
years, the median disease duration was 10 (IQR 3.5-19.5) and
7 (IQR 5.0-15.0) years, and the median BMI was 24.8 (IQR
22.6-27.8) and 25 (IQR21.9-28.2) in UC and CD, respectively
(Table 1). At baseline, liver steatosis was present in 31 (36.9%)
UC and 27 (46%) CD patients. Forty-three (51.2%) UC and
30 (51.7%) CD patients were classified as being overweight or
obese, and the disease was active in 26 (31.0%) and 9 (15.5%)
of UC and CD patients, respectively. Twenty-five (29.8%) UC
and 52 (89.7%) CD patients had biologic experience, whereas
17 (20.2%) UC and 6 (10.3%) CD had received immunosup-
pressants (ISS) in the past.

Ulcerative Colitis Patients

Among UC patients after 6 months of diet, BMI de-
creased by 0.42 £ 1.22 points (P = 0.002), and waist circum-
ference decreased by 1.25 cm £ 5.39 (P = 0.037; Table 2).
Fat body mass decreased by 1.27% t 7.76, and lean body
mass increased by 1% £ 4.89, but these differences did not
reach the statistical significance. However, the amount of
visceral fat remained unchanged, and the serum lipid pro-
file was not affected by the dietary intervention (total cho-
lesterol 203.0 = 38.2 mg/dL vs 201.2 + 38.9mg/dL; and low
density lipoproteins 118.9 £ 30.7 mg/dL vs 125.2 £ 29.6 mg/
dL at TO and T180, respectively). A statistically significant
reduction of alanine aminotransferase (TO 20.3 + 5.3 in-
ternational unit [IU]/1 vs T 180 18.4 = 6.7 TU/I; P = 0.029),
and gamma-glutamyl transferase (T0 23.2 = 15.9 TU/ vs
T180 21.3 = 16.7 TU/l; P = 0.028) was observed, but this
occurred within the reference range. At baseline, 7 patients

IBD patients screened Excluded (58)
(223) Alchool consumption (24)
HBsAg pos (6)

Anti-HCV pos (4)
Primary sclerosing
cholangitis (3)
Other causes (21)

IBD patients enrolled
(165)
Md adherent Md not adherent
(142) (23)

FIGURE 1. Study flow chart. Abbreviations: HBsAg, hepatitis B surface
antigen; HCV, hepatitis C virus.
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TABLE 1. Patients’ Characteristics

UCN =84 CD N =58
Median (IQR) Median (IQR)
Age (mean) 52 (44.5-61.3) 48.0 (34.8-57.5)
Disease duration (yrs) 10 (3.5-19.5) 7.0 (5.0-15.0)
BMI 24.8 (22.6-27.8) 25.0 (21.9-28.2)
N (%) N (%)
Sex (F) 44 (52.4) 22 (37.9)
Smokers 7 (8.3) 17 (29.3)
Extent (E)
El 8 9.5) — —
E2 40 (47.6) — —
E3 36 (42.9) — —
Localization (L)
Tleal (L1) — — 25 (43.1)
Colonic (L2) — — 8 (13.8)
Ileo-colonic (L3) — — 23 (39.7)
PMAYO score
Remission 58 (69.0) — —
Mild 14 (16.7) — —
Moderate 8 9.5) — —
Severe (4.8) — —
CDAI
Remission — — 49 (84.5)
Mild — — 8 (13.8)
Moderate — — 1 (1.7)
Severe — — 0 0.0)
Liver steatosis
Absent 53 (63.1) 31 (53.4)
Mild 11 (13.1) 6 (10.3)
Moderate 13 (15.5) 10 (17.2)
Severe 7 (8.3) 11 (19.0)
BMI class
Underweight 1 (1.2) 3 (5.2)
Normal 40 (47.6) 25 (43.1)
Overweight 30 (35.7) 22 (37.9)
Obese Class I 9 (10.7) 7 (12.1)
Obese Class 11 4 (4.8) 0 (0.0)
Obese Class I11 0 (0.0) 1 (1.7)
Previous biologics 25 (29.8) 52 (89.7)
Previous ISS 17 (20.2) 6 (10.3)

(8.33%) showed high-grade, 13 (15.48%) moderate-grade,
and 11 (13.09%) mild-grade liver steatosis. After 6 months,
patients on diet showed a significant improvement of liver
steatosis, being high grade in 3 patients (3.57%), moderate
in 9 (10.71%), and mild in 6 (7.14%; P = 0.0016; Fig. 2A).
During the 6 months of diet, therapy changes were recorded
in 16 of 84 (19.0%) patients: 8 patients received systemic ster-
oids, and 13 patients received topical steroids. Considering

4

patients with stable therapy (n = 68) and complete (ie, TO and
T180) clinical (n = 59 of 68 [86.8%]) and inflammatory bio-
marker data (n = 56 of 68 [82.4%)]), 14 patients (23.7%) had
active disease at baseline by PMS (mild in 8 [13.6%], mod-
erate in 4 [6.8%], and severe in 2 [3.4%] patients; Fig. 2B).
After 6 months, only 4 patients (6.8%) still showed mild di-
sease (P = 0.004). Accordingly, the number of patients with
high C-reactive protein (CRP) decreased from 28 of 56 (50%)
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TABLE 2. Comparison Between Means of Continuous Variables in UC Patients

uC
TO (+SD) T180 (+SD) Mean diff P
BMI 25.7 (£9.0) 25.3 (+4.2) -0.42 0.002
Waist circumference (cm) 90.2 (+11.4) 89.0 (£11.2) ~1.25 0.037
Fat mass (%) 30.2 (£10.6) 28.9 (+9.1) -1.27 0.136
Lean mass(%) 29.7 (+6.7) 30.7 (£6.4) 1.00 0.064
Visceral fat (%) 9.0 (+4.6) 8.7 (+4.5) -0.24 0.244
AST (UI/L) 20.0 (£5.4) 19.0 (+4.8) -0.94 0.127
ALT (UI/L) 20.3 (+8.2) 18.4 (+6.7) ~1.94 0.029
GammaGT (UI/L) 23.2(£15.9) 21.3 (£16.7) ~1.85 0.028
Total cholesterol (mg/dL) 203.0 (£38.2) 201.2 (+38.9) ~1.82 0.853
LDL cholesterol (mg/dL) 118.9 (+30.7) 125.2 (+29.6) 6.29 0.098
HDL cholesterol (mg/dL) 61.0 (£19.3) 63.2 (+20.6) 2.28 0.312
Triglycerides (mg/dL) 89.0 (£37.4) 93.4 (+11.9) 4.40 0.273

to 21 of 56 (37.5%; P = 0.013), and the number of patients
with fecal calprotectin above 250 mg/kg also decreased from
25 of 57 (43.8%) to 16 of 57 (28.1%; P = 0.049; Figs. 2C, D).
Quality of life also improved in UC patients adherent to diet,
as shown by the increased of IBD-Q mean by 17.17 * 26.48
(P <0.001; Fig. 2E).

Crohn’s Disease Patients

Body mass index and waist circumference decreased by
0.48 £ 1.57 points (P = 0.023) and 1.4 cm *+ 5.03 (P = 0.04),
respectively, among diet-adherent CD patients after 6 months
of diet (Table 3). A trend in the reduction of the fat body mass
(—2.75% % 12.16; P = 0.09) was observed. No other changes in
the biochemical and serum lipid profile was observed. At base-
line, 31 patients (53.45%) had no signs of steatosis; 6 (10.34%)
had mild, 10 (17.24%) moderate, and 11 (18.97%) high-grade
liver steatosis (Fig. 3A). After 6 months, there was a significant
improvement of liver steatosis in CD patients who followed the
dietetic prescription. Forty patients (68.97%) had no evidence
of steatosis, with 10 (17.24%) having mild, 6 (10.34%) mod-
erate, and 2 (3.45%) high grade steatosis (P < 0.001). During
the 6 months of diet, 2 of 58 (3.5%) CD patients needed therapy
changes: both patients required systemic steroid course. Of the
remaining 56 patients with stable therapy, 53 (91.4%) and 51
(87.9%) had complete clinical activity and CRP data, respec-
tively. At baseline, 9 (17.0%) CD patients had active disease: 8
(15.1%) mild and 1 (1.9%) moderate disease activity by CDAI
(Fig. 3B). After 6 months on diet, only 2 patients (3.8%) showed
mild disease (P = 0.011). Accordingly, there were 22 of 49 pa-
tients with elevated CRP at baseline (44.9%), and this number
was reduced to 13 of 49 (26.5%) after dietary intervention
(P = 0.035, Fig. 3C). In these patients, fecal calprotectin also
decreased from 18 of 40 (45.0%) to 11 of 40 (27.5%; P = 0.035;
Fig. 3D). After 6 months of diet, IBD-Q mean increased by

16.61 £ 26.25 points in CD patients adherent to Mediterranean
diet (P < 0.001; Fig. 3E).

DISCUSSION

In this study, we assessed the effect of short-term
Mediterranean diet on the IBD clinical course. In diet-adherent
patients, we observed the improvement of anthropometric vari-
ables associated with the development of metabolic syndrome,
the reduction of liver steatosis, and disease activity indexes in
both CD and UC patients.

The role of nutrition in the management of IBD has
been so far underestimated. However, the Western diet char-
acterized by low fiber and high fat intake might worsen intes-
tinal inflammation acting on different pathways. Inflammatory
bowel disease patients are characterized by a misbalance be-
tween the lean and fat mass, and overweight and obesity con-
ditions are frequently observed in these patients.” The visceral
adipose tissue has been shown to be an important source of
pro-inflammatory cytokines (eg, interleukin [IL]-6, IL-8,
tumor necrosis factor-a) and to sustain inflammation in dif-
ferent organs including the gut.' ' High-fat content in the diet
has also been shown to increase intestinal permeability, and
the excessive influx of bacteria is believed to induce the loss
of tolerance toward microbiota-derived antigens and sustain
gut inflammation in IBD patients.”* 2! Moreover, chronic in-
flammation and the increased gut permeability are inducers
of dysbiosis, a condition characterized by an altered micro-
biota composition, which independently sustains intestinal
inflammation.?

Patients with IBD have been shown to have an in-
creased risk to develop NAFLD, a high-fat diet-related con-
dition.?® In the presence of increased intestinal permeability,
the translocation of bacteria and their constituents like LPS
in the portal vein can cause low-grade inflammation of the
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A Liver steatosis
100%

80%

Severe
60%

40%
u Mild
20%

UC patients (%)

W Absent
0%

T0 T180

C CRP

100%

80%

60%
High CRP

40%

20%

UC patients (%)

0%
T0 T180

IBD-Q
180

175
170
165
160
155
150

P<0.0001

IBDQ score

TO T180

Moderate

® Normal CRP

100%

PMS
80%
60%
40%
20%
0%
T0

Faecal calprotectin

Severe
Moderate

u Mild

UC patients (%)

B Remission

T180

100%
80%

60%
Calpro>250

40%
M Calpro<250

20%

UC patients (%)

0%
T0 T180

FIGURE 2. A, Liver steatosis before, (B) disease activity by partial Mayo score (PMS: remission 0-1; mild 2-4; moderate 5-6; severe 7-9), (C) C-reactive
protein, (D) fecal calprotectin (high >250; normal <250), and (E) IBDQ at (T0) and after (T180) diet intervention in UC patients.

liver and the rapid progression of NAFLD to liver fibrosis
and hepatocellular carcinoma.>® Therefore, the progression
to fibrosis and fibrosis-related complications might poten-
tially have devastating effects on the management of IBD pa-
tients. Finally, NAFLD might have important consequences
on intestinal immune homeostasis. Indeed, the NAFLD- and
fibrosis-related liver dysfunction can induce modifications of
the bile acid composition, further contributing to intestinal
dysbiosis and inflammation.?

In contrast to the negative effect of the Western diet,
the Mediterranean diet, characterized by the consumption
of fruits, vegetables, whole grains, olive oil, red wine, and yo-
gurt, might have positive outcomes in IBD. Experimental evi-
dences suggest that Md could contribute to prevent the onset of

dysbiosis by sustaining the presence of anti-inflammatory bac-
terial species. In 153 individuals, Md was associated with an in-
creased level of fecal short-chain fatty acids that are known to
induce anti-inflammatory regulatory T cells and the expansion
of Lacnospira and L-Ruminococcus species, which are reduced
in IBD.>*% Accordingly, in a small cohort of CD patients, 6
weeks on Md showed a trend in the “normalization” of the gut
microbiota.”” Mediterranean diet has also been shown to rebal-
ance the nutritional state and to reduce the pro-inflammatory
visceral fat if associated to energy restriction.* 3! Finally, data
from cross-sectional studies have shown an inverse correla-
tion between Md adherence and the prevalence and severity of
NAFLD.?>3* In a small randomized control trial involving pa-
tients affected by biopsy-diagnosed NAFLD, 6 weeks of Md



Inflamm Bowel Dis ® Volume 27, Number I, January 202I

Multidimensional Impact of Mediterranean Diet on IBD Patients

TABLE 3. Comparison Between Means of Continuous Variables in CD Patients

CD
TO (+SD) T180 (£SD) Mean diff P
BMI 25.1 (£4.0) 24.6 (x4.1) —-0.48 0.032
Waist circumference (cm) 89.5 (%11.2) 88.2 (£11.5) -1.37 0.041
Fat mass (%) 29.4(+14.2) 26.6 (£9.6) -2.75 0.097
Lean mass(%) 32.0 (£6.9) 31.9 (£6.8) —-0.09 0.895
Visceral fat (%) 8.4 (£4.8) 8.1(4.3) -0.27 0.293
AST (UI/L) 21.8(%7.3) 21.4 (£8.6) -0.42 0.739
ALT (UI/L) 20.9 (£10.2) 20.3 (£9.7) -0.61 0.955
GammaGT (UI/L) 24.7 (£8.3) 24.4 (+£28.8) -0.25 0.854
Total cholesterol (mg/dL) 176.8 (£8.9) 173.8 (£39.6) -2.98 0.853
LDL cholesterol (mg/dL) 108.4 (+8.9) 101.7 (£32.0) —6.68 0.098
HDL cholesterol (mg/dL) 52.4 (£8.8) 54.8 (32.0) 241 0.312
Triglycerides (mg/dL) 105.8 (+8.8) 90.6 (£17.7) -15.12 0.273

reduced liver steatosis by 38% as compared with isoenergetic,
low fat and high carbohydrate diet.*

Based on the pro-inflammatory role of visceral fat,
dysbiosis, intestinal permeability, liver steatosis, and the positive
effects of Md on each of these factors, it is tempting to spec-
ulate that Md could reduce the systemic inflammatory burden
acting at the same time on different targets, thus improving the
efficacy of therapies and the control of the disease.

According to this hypothesis, our data indicate that the
adherence to short-term Md not only improved obesity-related
parameters and liver steatosis in both CD and UC but also sig-
nificantly reduced disease activity and inflammation-related
biomarkers. It is noteworthy that the effect of Md on disease
activity was observed in patients with stable therapy, where pa-
tients with even minor changes in the concomitant therapy (eg,
short-term 5-ASA enemas course in addition to maintenance
therapy) were excluded from the analysis to prevent the effect
of potential confounders.

In our cohort, Mediterranean diet also improved QoL,
as assessed by IBD-Q score in both UC and CD patients. Our
results highlight the role of dietary habits on well-being per-
ception. In addition to the improved disease activity observed
in diet-adherent patients, other possible mechanisms might
account for this observation. As reported by Henriquez et al,
there is a direct linear association between the adherence to a
Mediterranean diet and some aspects of self-perceived physical
and mental QoL.** Additionally, the reduction of BMI related
to a healthy lifestyle could explain the improvement in the QoL
of these patients.?” %

Several studies emphasize the importance of dietary
habits in IBD patients,® although few of them investigate the
role of Md in this condition. In a cohort of 41 clinically active
CD patients, Papada et al demonstrated the effect of Md in
improving QoL. Moreover, Md was negatively associated with

disease activity.*® Our research confirms these observations in
a larger cohort of patients. Additionally, a recently published
prospective cohort study conducted in more than 80,000 indi-
viduals demonstrates that the adherence to the Md significantly
reduces the risk to develop late-onset CD.* Overall, these data
underscore the key role of the Md in the control of the intes-
tinal immune system in IBD patients.

This study has potential limitations. First, the absence
of a control group does not rule out that clinical improvement
would have occurred in some patients independently of dietary
intervention. However, by excluding from the efficacy anal-
ysis those patients undergoing any change of therapy during
the observation period and those who started biologics and/or
thiopurines less than 6 months before enrolment, we minim-
ized the possible effect of therapy changes and the carryover
effect of therapies started before dietary intervention. Second,
we focused on IBD outpatients, and most of them were in clin-
ical remission or affected by mild disease. This might lead to
overestimate the effect of the dietary intervention on the di-
sease activity and QoL. However, all patients initially affected
by moderate to severe disease were in remission or showed mild
disease activity after 6 months of the Mediterranean diet. The
improvement of disease activity was further confirmed by the
significant higher number of patients who normalized CRP
and fecal calprotectin after dietary intervention. We did not use
any specific score to quantify adherence to diet, and this was
mainly based on patients’ dietary recall. However, since the pe-
riod of observation was relatively short, it is unlikely that the
assessment of adherence to the prescribed diet was affected by
recall bias. Finally, although statistically significant, BMI and
waist circumference reductions were small. This was probably
due to the relatively short duration of dietary intervention, and
it is plausible that a longer period on diet would have had a
much bigger impact on anthropometric parameters, along with
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FIGURE 3. A, Liver steatosis before, (B) disease activity by partial Crohn’s disease activity index (CDAI: remission <150, mild 150-219, moderate
220-400, severe >400), (C) C-reactive protein, (D) fecal calprotectin (high >250; normal <250), and (E) IBDQ at (T0) and after (T180) diet intervention

in CD patients.

the improved response to concomitant therapies. The point
of strengths of our work is the prospective design evaluating
a considerable number of IBD patients representing a general
outpatient population.

In conclusion, our study emphasizes the importance
of a multidimensional approach in the management of IBD,
not limited to the treatment of luminal inflammation but ex-
tended to the correction of the nutritional status and liver
steatosis. The relevance of this approach seems to be remark-
able on disease control with a possible drug-sparing effect,
on patients’ wellness, and in reducing the risk of other life-
threatening conditions, one of which is liver steatosis and its
complications.

Our data support the role of nutritional counseling in
the multidisciplinary management of IBD. The adoption of a
proper alimentary habit based on Md and the achievement of
an adequate compliance might be pivotal in the clinical man-
agement of these patients. However, more studies with larger
cohorts of patients are needed to improve our knowledge on
the relationship between diet and IBD.
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