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Abstract 
Background and Aims: Dietary patterns are important in managing ulcerative colitis [UC], given their influence on gut microbiome-host symbi-
osis and inflammation. We investigated whether the Mediterranean Diet Pattern [MDP] vs the Canadian Habitual Diet Pattern [CHD] would affect 
disease activity, inflammation, and the gut microbiome in patients with quiescent UC.
Methods: We performed a prospective, randomised, controlled trial in adults [65% female; median age 47 years] with quiescent UC in an 
outpatient setting from 2017 to 2021. Participants were randomised to an MDP [n = 15] or CHD [n = 13] for 12 weeks. Disease activity [Simple 
Clinical Colitis Activity Index] and faecal calprotectin [FC] were measured at baseline and week 12. Stool samples were analysed by 16S rRNA 
gene amplicon sequencing.
Results: The diet was well tolerated by the MDP group. At week 12, 75% [9/12] of participants in the CHD had an FC >100 μg/g, vs 20% [3/15] 
of participants in the MDP group. The MDP group had higher levels of total faecal short chain fatty acids [SCFAs] [p = 0.01], acetic acid [p = 0.03], 
and butyric acid [p = 0.03] compared with the CHD. Furthermore, the MDP induced alterations in microbial species associated with a protective 
role in colitis [Alistipes finegoldii and Flavonifractor plautii], as well as the production of SCFAs [Ruminococcus bromii].
Conclusions: An MDP induces gut microbiome alterations associated with the maintenance of clinical remission and reduced FC in patients 
with quiescent UC. The data support that the MDP is a sustainable diet pattern that could be recommended as a maintenance diet and ad-
junctive therapy for UC patients in clinical remission. ClinicalTrials.gov no: NCT0305371
Key Words: Mediterranean diet; ulcerative colitis; inflammation; microbiome

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-4556-8444
https://orcid.org/0000-0001-7269-8557
https://orcid.org/0000-0003-0052-7550
mailto:deanna.gibson@ubc.ca
mailto:deanna.gibson@ubc.ca


1570 N. Haskey et al.

Graphical Abstract 

(+) Association
Clostridium subcluster IV

(Ruminococcus spp.,
Flavonifractor spp.)

Clostridium subcluster
XIVa

Clostridium M, Blautia A)
Lactococcus spp

Microbiota-derived
Metabolites
↑Butyrate
↑Acetate

Gut Homeostasis
↑ Fecal sIgA

↓ Inflammation
↓ Fecal Calprotectin

Maintain disease activity

Mediterranean diet pattern for ulcerative colitis

(–) Association
Veillonella dispar

Veillonella obetsuensis
Prevotella copri

Streptococcus australis

Image created with Biorender.com

1.  Introduction
Ulcerative colitis [UC] is a chronic inflammatory bowel 
disease [IBD] with debilitating symptoms, including bloody 
diarrhoea, abdominal pain, cramping, tenesmus, and fatigue.1 
Patients live with considerable symptom burden, increased 
risk of disability, and lower quality of life [QoL] despite med-
ical treatment.2 With the pathogenesis of diseases such as 
IBD linked to alterations in the gut microbiome [dysbiosis],3 
the prospect of reshaping or promoting eubiosis towards 
health-promoting microbes through diet is of interest to pa-
tients. In IBD, although dysbiosis has never converged to a 
true fingerprint, evidence supports a lack of diversity and a 
general instability, often with a dysbiosis characterised by 
the relative depletion of Faecalbacterium praustnitzii and 
Roseburia hominis and the enrichment of Escherichia coli, 
Ruminococcus torques, and R. gnavus.4 Dysbiosis could have 
functional significance in disease manifestation—one ex-
ample of this is that F. praustnitzii and R. hominis produce 
the beneficial metabolite butyrate, with the microbes and this 
metabolite being conspicuously reduced in IBD.5

The complexity of diet in human health cannot be over-
emphasized. Dietary patterns consist of multiple dietary char-
acteristics [foods or nutrients] with various combinations 
of foods and beverages and considerations of quantity and 
frequency of consumption.6 Evaluating dietary patterns con-
siders the potential for synergistic nutrient effects between 
components in the diet. Several prospective cohort studies 
describe the relationship between food groups or nutrients 
and IBD; however, few have examined dietary patterns.7 The 
Mediterranean Diet Pattern [MDP] is characterised by in-
creased consumption of legumes, whole grains, vegetables, 
fruits, nuts, seeds, and olive oil, moderate consumption of fish, 
poultry, and dairy foods, and low consumption of processed 
foods and red meat.8 The synergy of the high levels of dietary 
fibre, the phytochemicals, and the fat blend [high monounsatu-
rated fat] confer beneficial anti-inflammatory and antioxidant 

properties.9 Recently, a Mediterranean-like diet was associ-
ated with an increased abundance of fibre-degrading bacteria, 
including Ruminococcus sp. and Faecalibacterium sp., along 
with lower levels of faecal calprotectin [FC] in asymptomatic 
first-degree relatives of patients with CD.10 A 6-week MDP 
pilot intervention study in CD patients observed an increase 
in Bacteroidetes and the Clostridium clusters IV and XIVa 
and a decrease in Proteobacteria and Bacillaceae.11 IBD pa-
tients adherent to the MDP for 6 months had reduced FC 
and CRP, as well as improved QoL.12 In contrast, a diet that 
lacks fibre, with increased animal protein, n-6 polyunsatur-
ated fatty acids, and ultra-processed foods, is linked to the 
onset and progression of IBD.13

Given the mounting evidence for the role of diet and gut 
microbial composition and function in IBD development and 
exacerbation, a richer understanding of the role of diet in 
disease pathogenesis in UC is needed. The primary aim of this 
study was to investigate the efficacy of the MDP compared 
with a Canadian Habitual Diet Pattern [CHD] on UC disease 
activity, inflammation, and the gut microbiome.

2.  Materials and Methods
2.1.  Participants
Details on the recruitment of participants, the dietary inter-
vention, the collection of dietary data, baseline and week 12 
diet information, and dietary adherence scores have been pre-
viously described in detail.14

Briefly, using an allocation ratio of 1:1 in blocks of two, 
participants were randomly assigned to follow the MDP 
or CHD for 12 weeks. The MDP group received a series of 
one-on-one coaching sessions from a dietitian on adapting 
their diet based on the Mediterranean Diet Pyramid.8 The 
CHD group followed their usual diet and were asked not to 
change their diet. Adult participants [18–65 years] diagnosed 
with mild-moderate UC in remission [Partial Mayo score 



The Mediterranean Diet Pattern for Ulcerative Colitis 1571

0–2] were recruited through outpatient gastroenterology 
clinics from April 2017 to September 2021. Included were 
those on a stable dose of UC therapy [no dosage adjustments 
for 2 months before starting the study for participants pre-
scribed oral 5-aminosalicylates, thiopurines, or methotrexate 
or if taking biologics [infliximab, adalimumab], for 3 months 
before starting the study. A total of 80 patients with IBD were 
screened for their eligibility, with a final study sample of 28 
participants [MDP, n = 15 vs CHD, n = 13]. The physician 
completed a physical examination and partial Mayo score 
at baseline to assess disease status. Nutrition and medical 
history, blood work, and stool collection were completed at 
baseline and Week 12. Disease activity was assessed at base-
line and Week 12 through the Simple Clinical Colitis Activity 
Index [SCCAI] and Partial Mayo Score [PMS].15

2.2.  Serum and faecal biomarkers
Serum biomarkers were based upon routine laboratory tests 
ordered by the gastroenterologist at baseline and Week 12, 
including a complete blood count [CBC], C-reactive protein 
[CRP], albumin, vitamin B12, and vitamin D. Stool was col-
lected and stored as previously described.16

2.3.  Short chain fatty acid analyses
Direct-injection gas chromatography was used to quantify 
SCFAs acetic, propionic, butyric, valeric, iso-butyric, and 
iso-valeric acid from faecal samples. Briefly, 50 mg of hom-
ogenised faecal samples were mixed in isopropyl alcohol con-
taining 2-ethyl butyric acid [0.01% v/v] used as an internal 
standard, and subsequently homogenised for 13 min at 30 
Hz with metal beads. Homogenates were centrifuged, and 
the supernatant was removed. The supernatant was injected 
into a Trace 1300 Gas Chromatograph, equipped with a 
flame ionisation detector, with AI1310 autosampler [Thermo 
Scientific, Walkham, MA, USA] in splitless mode. A fused 
silica FAMEWAX [Restekas, Bellefonte, PA, USA] column 
30 m × 0.32 mm i.d. coated with 0.25 μm film thickness was 
used. Helium was supplied as the carrier gas at a flow rate 
of 1.8 ml/min. The initial oven temperature was 80°C, main-
tained for 5 min, raised to 90°C at 5°C/min, then increased 
to 105°C at 0.9°C/min, and finally increased to 240 °C at 
20°C/min and held for 5 min. The flame-ionisation detector 
and the injection port temperature were 240°C and 230°C, 
respectively. The flow rates of hydrogen, air, and nitrogen as 
make-up gas were 30, 300, and 20 ml/min, respectively. Data 
were analysed with Chromeleon 7 software [Bannockburn, 
IL, USA]. Standard volatile acid mix [Sigma Aldrich] was used 
to determine the retention times of acids. Peaks were analysed 
on the software, and the area under the peaks was calculated. 
An aliquot of 50 mg of homogenised stool was freeze-dried to 
measure the dry weight, and measurements are expressed as 
mass % [g of SCFA per g of dry-weight stool].

2.4.  Determination of faecal secretory 
immunoglobulin A [sIgA] concentration
A faecal suspension of: 0.5 mg faeces; 1:10, v/v faeces in ex-
traction buffer (0.01 M phosphate-buffered saline [PBS] [pH 
7.4) with 0.5% Tween was vortexed for 5 min, then centri-
fuged at 10 000 x g for 10 min. A portion of the supernatant 
[up to 1.0 ml] was transferred to a sterile Eppendorf tube con-
taining 20 μL of protease inhibitor cocktail [Protease Inhibitor 
Cocktail, VWR Life Science Amresco] and stored at − 20°C 
until analysis. A commercially available ELISA kit was used 

to determine faecal sIgA concentrations [RedDot Biotech, 
Kelowna BC, Canada; catalogue number: RD-slgA-Hu], fol-
lowing the manufacturer’s instructions.

2.5.  Determination of faecal calprotectin 
concentration
A faecal suspension of: 0.5 mg faeces; 1:10, v/v faeces in ex-
traction buffer (0.01 M phosphate-buffered saline [PBS] [pH 
7.4]) with 0.5% Tween was vortexed for 5 min, then cen-
trifuged at 10 000 x g for 10 min. A portion of the super-
natant [up to 1.0 ml] was transferred to a sterile Eppendorf 
tube containing 20 μL of protease inhibitor cocktail [Protease 
Inhibitor Cocktail, VWR Life Science Amresco] and stored 
at − 20°C until analysis. Faecal calprotectin was analysed 
by Eve Technologies [evetechnologies.com; Calgary, AB, 
Canada] using the human faecal calprotectin ELISA kit [cata-
logue # MBS584845]. FP response was defined as a 50% in 
FC levels from baseline, maintenance of response defined as 
no change in FC, and loss of response defined as an increase 
in baseline values by 50%.

2.6.  Bioinformatic analysis
Whole faecal DNA was extracted using the QIAamp 
Powerfaecal Pro DNA kit [Qiagen; #51804]. Samples were 
sequenced by the Gut4Health Microbiome Core Facility 
[Child and Family Research Institute, Vancouver, BC] for 
16S sequencing. The V4 hypervariable region of the 16S 
rRNA gene was amplified using the Illumina MiSeq plat-
form using the following primers: Forward 5’AGTCAGT
CAGCCGGACTACNVGGGTWTCTAAT and Reverse: 5’ 
AGTCAGTCAGCCGGACTACNVGGGTWTCTAAT at-
tached to the Illumina adapter overhang. The samples were 
sequenced by the Gut4Health Microbiome Core Facility 
[BC Children’s Hospital Research Institute, Vancouver, BC] 
using the Illumina MiSeq platform. Post-sequencing ana-
lyses were performed using the QIIME 2 platform [version 
2021.4].17 Demultiplexed reads from two MiSeq runs were 
imported into the QIIME 2 environment, and primers were 
removed using the q2-cutadapt plugin.18 Quality control en-
tailed filtering, dereplication, chimera removal, denoising, and 
merging paired-end reads on each run separately using the 
DADA2 plugin with default settings.19 The resulting amplicon 
sequence variant [ASV] tables were merged for downstream 
analysis. A phylogenetic tree was constructed using a SATé-
enabled phylogenetic placement [SEPP] technique as im-
plemented in the q2-fragment-insertion plugin20 using a 
backbone tree built from the Greengenes reference database 
[version 13.8].21 For taxonomic classification, we trained a 
classifier on the entire length of the 16S region and incorp-
orated environment-specific abundances weights specific to 
human faecal samples, acquired from the readytowear.22 This 
weighted bespoke approach for taxonomic classification has 
significantly improved accuracy over standard Naive Bayes 
classification methods.22 Alpha-diversity metrics were calcu-
lated [ASV richness, Shannon’s diversity index, and Faith’s 
phylogenetic diversity].17 For beta-diversity, we used the com-
positional tensor factorisation [CTF] method to account for 
inter-individual variation across time.23 An analysis of vari-
ance [ANOVA] was run on the CTF to determine the differ-
ences between diet groups. To account for the longitudinal 
nature of our data [baseline and Week 12 faecal samples and 
subject-level variation], we used the tool BIRDMAn to ob-
tain ASV rankings most associated with each group [https://

https://birdman.readthedocs.io/en/stable/index.html
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birdman.readthedocs.io/en/stable/index.html]. These differ-
ential ranks were visualised using Qurro24 and the differen-
tials for the top 10 ASVs related to each group were exported 
into R25 using the qiime2R package [https://github.com/
jbisanz/qiime2R] for further custom visualisation and stat-
istical analysis. To predict high-level phenotypes, BugBase 
[https://doi.org/10.1101/133462] was used to determine the 
proportion of Gram-positive, Gram-negative, aerobic, an-
aerobic, facultative anaerobic, biofilm-forming, and mobile 
element-containing bacteria.

2.7.  Statistical methods
Continuous data are presented as the median and interquar-
tile range [IQR] and categorical data are presented as abso-
lute value and percentage. The D’Agostino and Pearson test 
assessed normality of the data. The Wilcoxon matched-pairs 
signed-rank test was used for paired data to assess pre- and 
post-dietary intervention. The Mann–Whitney U test was 
used for the comparison between groups. Categorical vari-
ables were compared using Fisher’s exact test; p-values 
of <0.05 were considered statistically significant. The stat-
istical package GraphPad Prism Version 9.3.0 [Graph Pad 

Software, San Diego, CA, USA] and R25 were used for the 
analyses and figures.

2.8.  Outcomes
The primary outcome was to assess whether the MDP inter-
vention could reduce the SCCAI score by Week 12 from 
baseline. A reduction of SCCAI >1.5 was considered clinic-
ally significant.26 Secondary outcomes were to assess: reduc-
tion in FC levels [cut-off value of 100 ug/g or 50% change 
to discriminate inflammatory status from non-inflammatory 
status]; and changes in the microbiome.

2.9.  Ethics statement
The study was approved by the University of British 
Columbia Clinical Research Ethics Board [H16-03300] 
and the University of Alberta Clinical Research Ethics 
Board [Pro00106271] and registered with clinicaltrials.gov 
[NCT03053713]. The manuscript was prepared according 
to the Consolidated Standards of Reporting Trials Statement 
[http://www.consort-statement.org]. All participants signed 
an informed letter of consent. All authors had access to the 
study data and reviewed and approved the final manuscript.

0.0078

0.0488 0.0126

A

C D

B

0 0

0

25

50

75

100

CHD

CHD MDP

Clinical response (p = 0.0237)
Maintenance of response (p < 0.001)
Poor response (p < 0.001)

MDP

50

SC
C

A
I 

Sc
or

es
 (

%
)

100

Clinical response (p = 0.6245)
Improved response (p = 0.01)
Maintanence of response (p = 0.9999)
Loss of response (p = 0.0034)

CH
D_B

as
eli

ne

CH
D_W

ee
k 

12

M
DP_

Bas
eli

ne

M
DP_

W
ee

k 
12

0

500

Fe
ca

l c
al

pr
ot

ec
ti

n 
(u

g/
g)

Fe
ca

l c
al

pr
ot

ec
ti

n 
re

sp
on

se
 (

%
)

1000

1500

CH
D_B

as
eli

ne

CH
D_W

ee
k 

12

M
DP_

Bas
eli

ne

M
DP_

W
ee

k 
12

3

T
ot

al
 p

ar
ti

al
 m

ay
o 

sc
or

e

6

9
0.0660

Figure 1. The MDP reduces faecal calprotectin and disease activity in UC patients. [A] Partial Mayo Score at baseline and week 12. [B] Disease activity 
response rates measured by the SCCAI at Week 12. [C] Faecal calprotectin values [ug/g] at baseline and week 12. [D] Faecal calprotectin response by 
diet, with response defined as a 50% in faecal calprotectin levels from baseline, maintenance of response defined as no change, and loss of response 
defined as an increase in baseline values. The Wilcoxon matched-pairs signed-rank test and Mann–Whitney test were performed for [B] and [F]. Fisher’s 
exact test was performed for [C], p <0.05. MDP, Mediterranean Diet Pattern; UC, ulcerative colitis; SCCAI, Simple Clinical Colitis Activity Index
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3.  Results
3.1.  The MDP reduces clinical symptoms and 
reduces inflammation
A total of 96% [27/28] of participants entered the study 
in remission [PMS of 0], with one participant having mild 
disease [PMS = 2] [Figure 1A]. At week 12, the PMS score 
of the CHD increased significantly [p = 0.008] with almost 
half [6/13, 46%] with mild and moderate disease versus 33% 
[5/15] with mild disease in the MDP [Supplementary Table 
1]. A total of 40% of the MDP saw marginal improvements 
in SCCAI scores, 4/15 [27%] experienced a clinical response 
[SCCAI decreased by 1.5 points], and 2/15 [13%] showed an 
improvement [SCCAI decreased at least 1 point] [Figure 1B] 
In the CHD, 3/13 [23%] experienced a clinical response. A 
similar number of participants were in remission at Week 12 
[no change in SCCAI] in the MDP and CHD [7/15, 47%, and 
6/13, 46%, respectively]. Two participants [13%] in the MDP 
and 4/13 [31%] in the CHD experienced a loss of response 
[increase in SCCAI of 1 point or greater] [p = 0.003].

We next examined subclinical markers of inflammation, 
C-reactive protein [CRP] and FC [Supplementary Table 2]. 
FC is a useful clinical marker in predicting impending relapse 
and directly measures intestinal inflammation with high sen-
sitivity.27 Most participants in both treatment groups had an 
FC <100 μg/g [20/27, 71%] at baseline. At week 12, 75% 
[9/12] of participants in the CHD had an FC >100 μg/g, versus 
20% [3/15] of participants in the MDP group. No significant 
differences were observed in FC between the MDP pre-and 
post-intervention [p = 0.375]; however, there was a signifi-
cant increase in FC in the CHD pre-and post-intervention 
[p = 0.0488] [Figure 1C]. Three participants [20%] in the 
MDP demonstrated a 50% reduction in FC, 67% maintained 
FC, and two [13%] participants had an increase in FC [Figure 
1D]. One participant [8%] in the CHD saw a reduction of FC 
by 50%, but half of the CHD group experienced an increase 
of greater than 50% in their FC. At week 12, 87% of partici-
pants in the MDP had an FC less than 100 μg/g, versus 25% 
in the CHD. In summary, these data show that the MDP is 
well tolerated, reduces bowel symptoms, and has anti-inflam-
matory effects, compared with participants’ habitual diets.

3.2.  The MDP promotes faecal sIgA production
The sIgA has been identified to play an important role in mu-
cosal immunity. One potential mechanism is the capacity to 
bind pathogenic bacteria and their virulence factors, ultim-
ately influencing the microbiota composition.28 We found a 
significant increase in faecal sIgA in the MDP diet interven-
tion from baseline to week 12 [p = 0.0040; Figure 2]. Faecal 
sIgA concentrations were not affected by the CHD pre- and 
post-diet intervention [p = 0.0803].

3.3.  The MDP is positively associated with 
microbes that produce potentially beneficial 
metabolites
The stool was analysed by 16S ribosomal RNA sequencing 
at baseline and week 12 of the diet intervention. Alpha diver-
sity did not significantly change over time [Supplementary 
Figure 3A–C]. For beta-diversity, we observed a significant 
shift along PC [Axis 2] in microbial composition between the 
MDP and CHD, which accounted for 35% of the variation 
among taxonomic ranks [Figure 3A]. To determine the taxa 
that changed the most between the MPD and CHD, the ratio 

of taxa [log-ratios] using differential ranking was calculated 
[Figure 3B]. Of the top 10 taxa most positively associated 
with the MDP, 9/10 taxa belonged to the phylum Firmicutes, 
class Clostridia, and largely Clostridium subclusters IV 
[Ruminococcus spp., Flavonifractor spp.], subcluster XIVa 
[Clostridium M, Blautia A], and Lactococcus spp. One 
taxon belonged to the phylum Bacteroidota, genus Alistipes. 
Several of these species have been shown in the literature to 
have a protective role in rodent models of colitis [Alistipes 
finegoldii and Flavonifractor plautii].29,30 In contrast, others 
are linked to the degradation of compounds found in food 
substrates that regulate host health [Clostridium boltae, 
Ruminococcus bromii, Blautia A spp., and Lactococcus 
lactis].31–34 Among the top-ranked taxa most negatively as-
sociated with the MDP, most taxa belonged to the phylum 
Firmicutes, followed by Actinobacteriota and Bacteriodota. 
Bifidobacterium, An144, GCA-900066135, Veillonella, 
Blautia, Streptococcus, and Massiloclostridium were the 
dominant genera. The predicted genera negatively associ-
ated with the MDP are opportunistic pathogens [Veillonella 
dispar, Veillonella obetsuensis, Prevotella copri, and 
Streptococcus australis].35–37 Prevotella copri correlates 
with autoimmune diseases such as rheumatoid arthritis and 
CD.38 In summary, these analyses of the bacteriome dem-
onstrate that the MDP is associated with reshaping the gut 
microbiome.

3.4.  The MDP is negatively associated with 
microbes predicted to carry pathobiont traits
In further support of our findings that the predicted taxa 
negatively associated with the MDP have the potential to be 
opportunistic pathogens [V. dispar, V. obetsuensis, P. copri, 
and S. australis], we saw a predicted decrease in the relative 
abundances of potentially pathogenic microbes and microbes 
containing mobile elements [Figure 4] at week 12 in the CHD. 
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Finally, we saw a decrease in microbes that form biofilms in 
the MDP at Week 12 [Figure 4]. There were no differences 
between aerobic, anaerobic, facultative anaerobic, and stress-
tolerant bacteria [Figure 4]. In summary, the MDP has pre-
dicted microbial genetic traits associated with a decrease in 
virulence.

3.5.  The MDP increases faecal SCFA production
SCFA are produced by microbes, have important 
immunomodulatory properties, and promote gut homeo-
stasis.39 Patients with IBD have been shown to have lower 
levels of SCFAs compared with healthy controls and a re-
duced abundance of SCFA-producing bacteria, including 
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F. prausnitzii and Roseburia intestinalis.39 Higher levels of 
faecal concentrations of total SCFAs [p = 0.0129] [Figure 
5A], butyric acid [p = 0.0287] Figure 5B], acetic acid 
[p = 0.0325] [Figure 5C], and valeric acid [p = 0.0083] 
[Figure 5D] were seen in the MDP compared with the CHD 
at week 12. Acetic acid and valeric acid concentrations in 
the CHD dropped significantly [p = 0.0398 and 0.0215, 
respectively]. These results suggest that the increased pro-
duction of SCFAs may contribute to the anti-inflammatory 
effects seen in the MDP, notably butyrate’s role in reducing 
FC levels.40

4.  Discussion
This intervention study examined the influence of the MDP 
in UC, on inflammatory biomarkers, SCFAs, and the gut 
microbiome composition. The MDP was associated with re-
ductions in FC and beneficial changes to the microbiome.

A consistent body of evidence supports that higher ad-
herence to the MDP is associated with improved health out-
comes in IBD,41,42 including decreased inflammation12,43,44 and 
lower risk of developing IBD.45 The results demonstrate that 
the MDP improved the faecal inflammatory biomarker FC, 
improved/maintained disease activity, altered the composition 
of the gut bacteriome, and increased faecal SCFA concen-
trations, relative to the CHD. Furthermore, 20% of partici-
pants following an MDP achieved an FC response, with 67% 
maintaining the FC at week 12, whereas 75% of the CHD 
experienced an increase in FC. Previous reports suggest that 
a high FC [>100 ug/g] has an 80% chance of clinical relapse 
within 6 months.46 To support the FC results, we saw that 
the MDP improved disease activity in 6/15 participants [by 
SCCAI] and 10/15 participants remained in remission [PMS], 
in contrast to the CHD where 3/13 participants noted an 
improvement in disease activity [SCCAI] with 6/13 deemed 
having mild or moderate disease activity.

Microbe-derived metabolites are widely known to me-
diate several physiological processes, including strengthening 

the gut barrier and having immunomodulatory benefits.47 
Several lines of evidence show that patients with IBD have 
reduced levels of SCFAs and that a Western Diet Pattern de-
creases protective SCFA-producing bacteria, which promotes 
inflammatory responses in the gut.48 Here, we show signifi-
cant differences between the MDP and CHD in total faecal 
SCFAs, butyrate, and acetate concentrations at week 12. We 
observed a positive association in the MDP with R. bromii, 
which are known producers of butyrate derived from foods 
high in resistant starch [eg, legumes, oats, whole grains].49 The 
microbiota also metabolises other dietary substrates such as 
catechins, which are polyphenol compounds found in many 
plant-based foods such as grapes, berries, apricots, nuts, 
olives, and red wine, and metabolise quercetin and produce 
butyrate.29,50 In the MDP group, we observed a positive as-
sociation with the catechin metaboliser F. plautii, shown to 
be protective against murine colitis through the expansion of 
Treg cells.29 Similarly olive oil, rich in polyphenol compounds 
and a critical dietary fat component of the MDP, has been 
shown to increase butyrate concentrations.51 L. lactis, a lactic 
acid-producing bacterium [LAB] found in fermented dairy 
products and vegetables and known to have health benefits,32 
was also positively associated with the MDP. Our findings 
demonstrate that food components commonly consumed in 
an MDP are positively associated with many of those benefi-
cial bacteria.

The bacteriome of the CHD had significantly lower levels 
of SCFAs compared with the MDP. We observed several nega-
tive associations with the MDP with predicted species such 
as V. dispar, V. obetsuensis, and S. australis. Previous studies 
have linked these microbes with opportunistic infections.35–37 
P. copri was negatively associated with the MDP in our co-
hort. Interestingly, P. copri thrives in the pro-inflammatory 
colitic microbiome.38 In support of these findings, the MDP 
is negatively associated with microbes that have predicted 
pathogenic traits. Although this study cannot ascribe a causa-
tive association to changes in the microbiome, these data, 
combined with the lack of clinical improvement in the CHD, 
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suggest that the CHD leads to a microbiome with pathobionts 
with the potential to promote inflammatory responses in the 
gut. Indeed, the CHD group did increase their FC increase 
over time.

Secretory IgA plays an integral role in maintaining mu-
cosal homeostasis, primarily through interactions with the 
intestinal microbiota and its ability to bind disease-inducing 
bacteria and thus prevent microbial pathogens from gaining 
access to the intestinal epithelium.52 This study confirmed 
that whereas sIgA levels remained consistent in CHD, we 
saw a significant increase in faecal sIgA in the MDP. The fact 
that a negative association was found between opportunistic 
pathobionts and the MDP could indicate a role for sIgA in 

pathogen exclusion. However, the exact mechanism needs to 
be elucidated in further studies.

There are several strengths to this intervention study, 
including: 1] its longitudinal design, which is essential in 
understanding the variation of the microbiome within indi-
vidual subjects53; 2] the use of validated questionnaires; and 
3] the use of a registered dietitian-scientist with expertise in 
IBD and evidence-based nutrition. The limitations of this re-
search include a small sample size, although it was sufficiently 
powered to detect some changes in relative abundance in bac-
terial composition and inflammation. Endoscopic analysis, 
the gold standard to assess mucosal healing, was not used 
here; however, we did include FC, an objective stool marker 

0

500

0.0129

1000

T
ot

al
 S

C
FA

 (
um

ol
/g

)

0

100

200

300

400

500
0.0287

B
ut

yr
ic

 a
ci

d 
(u

m
ol

/g
)

0

50

100

150
0.0215 0.0083

V
al

er
ic

 a
ci

d 
(u

m
ol

/g
)

0

200

400

600

800

0.0398 0.0325

A
ce

ti
c 

ac
id

 (
um

ol
/g

)
1500

2000

A B

C D

CH
D_B

as
eli

ne

CH
D_W

ee
k 

12

   
 M

DP_
Bas

eli
ne

M
DP_

W
ee

k 
12

CH
D_B

as
eli

ne

CH
D_W

ee
k 

12

M
DP_

Bas
eli

ne

M
DP_

W
ee

k 
12

CH
D_B

as
eli

ne

CH
D_W

ee
k 

12

M
DP_

Bas
eli

ne

M
DP_

W
ee

k 
12

CH
D_B

as
eli

ne

CH
D_W

ee
k 

12

M
DP_

Bas
eli

ne

M
DP_

W
ee

k 
12

Figure 5. The MDP increases faecal short chain fatty acid [SCFA] production in UC patients. Faecal SCFAs measured at baseline and week 12 [umol/g]. 
[A] Total SCFAs. [B] Butyric acid. [C] Acetic acid. [D] Valeric acid. Wilcoxon matched-pairs signed-rank test and Mann–Whitney test, p <0.05. UC, 
ulcerative colitis.



The Mediterranean Diet Pattern for Ulcerative Colitis 1577

that has been shown to correlate well with subclinical intes-
tinal inflammation and to predict future relapses in IBD.46 
Last, two participants in the CHD’s background diet were 
following a Mediterranean-like diet, which is a confounding 
effect that may have contributed to the improvement in the 
SCCAI [clinical response]. Further studies are needed to de-
fine the extent of endoscopic and histological healing expected 
from the MDP. In conclusion, the MDP is well tolerated and 
is a reasonable, healthy eating pattern that practitioners can 
recommend to patients with UC in remission to prevent re-
lapses, in addition to their standard medical therapy.
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