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In the absence of effective treatments for IBS, a
diet low in FODMAPSs (fermentable, oligosaccha-
rides, disaccharides, monosaccharides and polyols)
has been used to alleviate the symptoms of the
patients.* Although the use of a low FODMAP
diet seems to improve the symptoms of IBS
patients,>° it has been observed that the efficacy
of this diet is limited in some IBS patients with
mutations in sucrase-isomaltase gene, since low
FODMAP diet does not limit the consumption of
starch and partially limits the intake of sucrose.”
Previously, a higher prevalence of SI gene vari-
ants that could have functional consequences
have been detected in IBS patients compared to
healthy individuals.8-1© Furthermore, an overlap
of symptoms such as diarrhoea, abdominal pain
and bloating exists between IBS associated with
diarrhoea (IBS-D) and patients who present
sucrase-isomaltase deficiency. In addition, starch-
and sucrose-reduced diet (SSRD) has been suc-
cessfully used in IBS patients!!-13 but, as far as we
know, no previous studies have used culinary and
personalized nutritional recommendations for a
SSRD-based dietary intervention in a population
that presents a high gastronomic culture.
Considering that two out three patients associate
the onset of their symptoms to the intake of spe-
cific foods'* and the difficulty to adhere to
restricted diets in IBS,!5 it was hypothesized that
an approach based on a personalized nutritional
and culinary advice may facilitate the adherence
to a SSRD. Indeed, it should be noted that adher-
ence to carbohydrate-restricted diets is particu-
larly difficult since these nutrients are the main
contributors to energy in most people’s diets.!°
Thus, adapting dietary interventions to an indi-
vidual’s preferences may help to improve adher-
ence to restrictive dietary prescriptions.

In this context, to analyse the feasibility of the use
of SSRD in our population, we have carried out
an SSRD-based intervention in a pilot study for
the treatment of symptoms of diarrhoea predomi-
nant IBS patients. For this purpose, a SSRD-
based dietary intervention was conducted for
4weeks and during the intervention, specific
nutritional recommendations and culinary rec-
ommendations were provided through a trained
nutritionist to facilitate the adoption of the diet by
participants. In this sense, participants received a
menu plan and a recipe book that was adapted
with the nutritional criteria demanded by the
SSRD. The impact of the SSRD on the symp-
toms, QoL and nutritional habits of patients was

assessed at four time points, as well as, on a daily
basis, through questionnaires.

Material and methods

Patient population

Patients were recruited through the Gastro-
enterology service of Hospital Universitario
Donostia (San Sebastian, Spain). In the standard
clinical practice, patients that were compatible
with diarrhoea predominant IBS diagnosis were
informed about the present study and the possi-
bility of participating in it. In addition, inclusion
criteria included the following: age between 18
and 70, at least weekly abdominal pain related to
bowel habit in the past 3months, altered bowel
habit and more than 175points in the Spanish
version of irritable bowel syndrome-symptom
severity scale  (IBS-SSS)  questionnaire.!”
Exclusion criteria include individuals without
enough IBS symptoms, diagnosis of GI diseases,
serious diseases or psychiatric conditions, or
patients who followed a dietary therapy with a
vegan diet, gluten-free diet or low-FODMAP
diet. An informed consent from the eligible
patients was obtained before the beginning of the
trial.

Design of study

Patients were asked to participate in a study that
would test the efficacy of a SSRD to improve IBS
symptoms. The study consisted of four visits and
lasted 5weeks (1 week of ‘cleaning’ and 4 weeks of
nutritional intervention). The general design of
the study is shown in Figure 1.

In visit 0, the evaluation of symptoms severity and
QoL was assessed. For this purpose, patients ful-
filled the following questionnaires: Rome IV —
IBS module of Rome Foundation,!8 the Spanish
version of IBS-SSS!7 and the Spanish version of
Irritable Bowel Syndrome QoL (IBS-QoL).!°
Furthermore, information about patients’ life-
style habits (tobacco and alcohol consumption)
and food intolerances and food allergies were also
registered.

By 1 week before starting the intervention (‘clean-
ing week’), participants received indications to
continue with their usual diet, but they were not
allowed to take any medication, unless the
symptoms were unbearable. In visit 1, patients
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- Clinical improvement: 3

- Intolerances: 2

- Not willing to participate: 2

- Treatment with antibiotics: 2

- Diabetic: 1

- Pregant: 1 - Non celiac gluten
- Not able to participate: 1 sensitivity: 1

- Malabsortion of - IBS-5S5<175: 6
sorbitol/fructose: 1 -NoIBS-D: 1

- Did not go to the visit: 1 - Drop out: 2

| -Dropout: 1 | | -Dropout: 1 |

| - No answer: 12 |

| |

Invited (N=60) Visit 0 (N=46)

- Demographics

Visit 1 (N=36)

- Rome IV - IBS-SSS - IBS-SSS - IBS-555

- IBS-SSS - 1BS-Qol - 1BS-QoL - 1BS-Qol.

- IBS-QoL -FFQ - 24H recall - 24H recall
- 24H recall - List of allowed foods - Satisfaction with -FFQ

- Recipie book

| | |

Visit 2 (N=35) Final visit (N=34)

allowed foods - Satisfaction with

1 week of “cleaning”

Follow-up (N=22)

- IBS-SSS
- IBS-Qol

- Satisfaction with
allowed foods

- Diet adherence

- Diet adherence

allowed foods

28 days of intervention

Daily questionnaire

- Stool frequency and Bristol scale
- Abdominal pain (0-10)

- Bloating (0-10)

- Urgency (0-10)

Figure 1. Design of the study and the participants in each step.
FFQ, food frequency questionnaire; IBS-SSS, irritable bowel syndrome-symptom severity scale questionnaire; IBS-QoL, irritable bowel syndrome

quality of life.

completed the IBS-SSS, IBS-QoL and food fre-
quency questionnaire (FFQ).?°® Moreover, a
trained research nutritionist instructed the
patients on the list of foods they would be allowed
to consume during the intervention and partici-
pants were provided with a recipe book and a
menu planning.

Participants were encouraged to start a 4-week
dietary intervention. Every day, participants com-
pleted a questionnaire about stool frequency and
type (Bristol scale), abdominal pain (0—10 score),
bloating (0—10 score) and urgency (0—10 score).

Two weeks after visit 1, in the second visit, the
participants completed IBS-SSS, IBS-QoL
Questionnaires, the questionnaire related with
the satisfaction with allowed foods (3: good, 2:
regular; 1: bad), and questions about dietary
compliance (0—10 score) and the difficulty to fol-
low the dietary protocol (0-10 score).

At the end of the intervention, in the final visit,
after 4weeks of the intervention, the participants
completed the IBS-SSS questionnaire, IBS-QoLL
questionnaire, FFQ and the questionnaire related

with the satisfaction with allowed foods (3: good,
2: regular; 1: bad), and questions about dietary
compliance (0—10 score) and the difficulty to fol-
low the dietary protocol (0—10 score).

The clinical endpoint of the study was the reduc-
tion of 50 points of IBS-SSS score after the inter-
vention. In addition, the reduction of 50% of
IBS-SSS score after the intervention was estab-
lished as a secondary endpoint.

Moreover, 2months after the end of the interven-
tion follow-up questionnaires were sent by post to
the participants: IBS-SSS and IBS-QoL ques-
tionnaires, the satisfaction with allowed foods (3:
good, 2: regular; 1: bad), and questions about
dietary compliance (0—10 score) and the difficulty
to follow the dietary protocol (0-10 score).

Starch- and sucrose-reduced diet

Participants were instructed by a nutritionist to
follow a SSRD, according to the recommen-
dations given to patients with the congenital
sucrase-isomaltase  deficiency  (https:/www.
sucroseintolerance.com/choosing-your-foods). At

- Diet adherence
o
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visit 1, they received written material about the
dietary protocol with information about sucrose
and starch, general recommendations and a list
with a variety of foods categorized in three groups:
high, medium and low content in sucrose and/or
starch. Participants were advised to consume only
foods categorized in the third group, those defined
as low in sucrose and/or starch. Moreover, par-
ticipants were recommended to restrict the intake
of cereals, and preferably to ingest whole cereals,
to a maximum of two servings (approximately
30g) per week. No specific advice was given
regarding overall caloric intake. Indeed, to facili-
tate the adherence to the dietary protocol, partici-
pants received a recipe book, and recipes were
developed including foods with low sucrose and/
or starch content only (Supplemental Table S1).
For the development of the book of recipes,
research nutritionists collaborated with chefs
from the Technology Center specialized in
Gastronomy from Basque Culinary Center
(BCClInnovation — https://innovation.bculinary.
com/). The book of recipes included 28 recipes
for lunch and dinner, healthy options for break-
fast and healthy snacking, desserts, vegetarian
recipes and a 2-week menu planning with a shop-
ping list.

During the study, two nutritionists were available
between visits by email and telephone to answer
questions about the diet.

Dietary assessment

Dietary intake was analysed by a wvalidated
FFQ?20 at visit 0 and visit 3. The data collection
was conducted through a trained nutritionist
who asked about the consumption in the last
month (questions refer to the food consumption
daily, weekly, monthly or never/rarely) of differ-
ent food groups. Diet was also assessed by a
24-h dietary recall. Participants completed three
24-h recalls (two on weekdays and one recall on
a weekend) during the intervention: prior the
beginning of the study (visit 0), in the middle of
the intervention (visit 2) and at the end of the
intervention (visit 3). To guide the participants
to complete the recalls, they received a list with
domestic measurement units and a food atlas
with the most frequently consumed foods with
different portion sizes. Energy and nutrient
intake, including total sugars, sucrose and
starch, were calculated using Diet Creator©
software.

Statistical analyses

For all the questionnaires, a paired t-test was
used to compare each visit with baseline visit;
and the effect size of the paired t-test was calcu-
lated using Cohen’s d using the package rstatix
(https://CRAN.R-project.org/package=rstatix)
of R language.?! In the case of IBS-SSS and
IBS-QoL questionnaires the responses of visits
1, 2 and final visit were compared with the
response of visit 0; in the case of FFQ, final visit
was compared with visit 1; in the case of energy
intake, visit 2 and final visit were compared with
visit 0; and in the case of the satisfaction with
allowed foods, and the adherence and difficulty
of the diet, the final visit was compared with
visit 2.

For daily questions, days 28 and 1 were com-
pared, only for the individuals who completed the
daily questions both days; and a paired t-test was
used to compare days 28 and 1.

All the statistical analyses and graphics were done
using R language.?!

All methods were performed in accordance with
relevant guidelines and regulations including the
Declarations of Helsinki.

Results

In all, 60 subjects were invited to participate in
the study and 46 agreed to attend visit 0. In total,
36 of them fulfilled the inclusion criteria and two
of them withdraw the study once it was started. In
total, IBS-SSS, IBS-QoL and evaluation of die-
tary adherence were obtained from 34 partici-
pants; and FFQ and daily questionnaires were
obtained from 26 participants, although only 21
participants gave a response in day 1 and 28 in
the daily questionnaires (Figure 1).

The majority of the participants were females
(62.76%); 1 out of 3 were current smokers; 3 of
them had previous food allergies; and 4 partici-
pants had food intolerances (Table 1). In addi-
tion, the symptoms of all the participants were
compatible with IBS-D definition of Rome IV
criteria (Table 1).

IBS symptoms and QoL
The symptoms of IBS patients, measured by the
IBS-SSS questionnaire, showed that there were
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Table 1. Demographics of the participants.

Total Female Male

N 34 21 (62.76%) 13 (37.24%)
Age (SD) 42.83 (13.94) 43.38 (15.08) 40.38 (12.23)
Current smokers 13 (38.23%) 9 (42.86%) 4 (30.77%)
Allergies 3 (8.82%) 1(4.76%) 2 (15.38%)
Intolerances 4(11.76%) 2(9.52%) 2 (15.38%)
Rome IV

IBS-D 34 (100%) 21 (100%) 13 (100%)

IBS-D, irritable bowel syndrome associated with diarrhoea; SD, standard deviation.

no differences between visit 0 and wvisit 1
(»p=0.6828), while in visit 2 there was a signifi-
cant improvement of the symptoms (visit 2 versus
visit 0, p=2.99 X 10797), The improvement was
maintained at the end of the intervention (final
visit versus visit 0, p=1.20 X 10799) (Figure 2(a),
Supplemental Table S2). According to Cohen’s
d, the effect of the improvement was large (Figure
2(a)). In addition, this trend was observed in all
the questions available in the IBS-SSS question-
naire (Figure 2(b), Supplemental Table S2).

At the end of the dietary intervention, 29 partici-
pants (85.29%) had a reduction of 50 points or
more in their IBS-SSS score (Figure 2(c)). From
those participants who achieved the primary end-
point, 18 were females (85.71%) and 11 males
(84.62%) (Figure 2(d)). Moreover, 20 partici-
pants (58.82%) reduced their IBS-SSS score in
more than 50% their baseline score (Figure 2(c)).
From those participants who achieved the sec-
ondary endpoint, 13 were females (61.91%) and
7 were males (53.85%) (Figure 2(d)). Although
the percentages are higher in females, the differ-
ences were not significant (y? test p value: 0.9299
in primary outcome; p value: 0.6427 in secondary
outcome).

QoL of IBS patients, assessed by IBS-QoL. ques-
tionnaire, showed a slight improvement between
visit 0 and visit 1 (p=0.0362), and a significant
improvement was observed in visit 2 (visit 2 versus
visit 0, p=1.04 X 10797), which was maintained at
the end of the intervention (Final visit versus visit
0, p=9.67X1079) (Figure 3(a), Supplemental
Table S3). According to Cohen’s d, the effect of

the improvement at visit 1 was small and it was
large at visit 2 and final visit (Figure 3(a)) The
improvement was observed in all the dimensions
of IBS-QoL. questionnaire, especially in the emo-
tional health, mental health, energy, diet and
social role (Figure 3(b), Supplemental Table S3).

Regarding daily questions, there was an interper-
sonal and daily variability (Figure 4). We observed
a significant decrease between day 1 and day 28
in the stool frequency (25.53% less, p=0.0358,
moderate effect according to Cohen’s d) and
bloating (27.48% less, p=0.0369 moderate effect
according to Cohen’s d), while the improvement
in Bristol stool scale (from 5.18 to 4.59), abdomi-
nal pain (12.16% less) and urgency (5.88% less)
was not significant.

Dietary habits

As a consequence of the restricted diet, partici-
pants consumed significantly less calories 2 weeks
after the beginning of the diet (19% less,
p=3.28 X 1075, large effect according to Cohen’s
d, Table 2), a reduction that was maintained at the
end of the intervention (12% less comparing with
before the intervention, p=0.0019, moderate
effect according to Cohen’s d). Moreover, a sig-
nificantly reduced consumption of carbohydrates
(57% less, p=4.24 X 10711, large effect according
to Cohen’s d), sugar (49% less, p=0.0005, mod-
erate effect according to Cohen’s d), sucrose (81%
less, p=2.34X107% large effect according to
Cohen’s d) and starch (93% less, p=5.13 X 10798,
large effect according to Cohen’s d) was observed
after 2weeks of dietary intervention (Table 2).
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Figure 2. Results of IBS-SSS. (a) Total score values. Black dots, individual results; in blue, the mean value; in shadowed blue, 95%
of confidence interval. (b] Results of each question. (c) Results of the main (reduction of 50 points of IBS-SSS score] and secondary
(reduction of 50% of IBS-SSS score) endpoints. (d) Results of the main (reduction of 50 points of IBS-SSS score) and secondary
(reduction of 50% of IBS-SSS score) endpoints by sex.
95% of confidence interval; <0.2, negligible effect; 0.2-0.5, small effect; 0.5-0.8, moderate effect; >0.8, large effect.
Cohen’s d, effect size of paired t-test; p, p value of paired t-test; IBS-SSS, irritable bowel syndrome-symptom severity scale.

These results were also observed at the end of the
intervention (Table 2): 58% less consumption of
carbohydrates (p=4.04 X 10711, large effect
according to Cohen’s d), 45% less consumption of
sugar (p=0.0018, moderate effect according to
Cohen’s d), 79% less of sucrose (p=4.91 X 10796,
large effect according to Cohen’s d) and 89% less
consumption of starch (p=1.79X 1079, large
effect according to Cohen’s d).

Furthermore, a significant modification in the
diet of participants was observed. Results showed
a significant increase in the intake of fatty fish

(60% more, p=0.0206, small effect according to
Cohen’s d), fruits (31% more, p=0.0202), nuts
(217% more, p=1.03X10797, small effect
according to Cohen’s d) and water (16% more,
p»=0.0160, small effect according to Cohen’s d);
while the consumption of pulses (86% less,

p=1.30X10797, large effect according to
Cohen’s d), refined cereals (95% less,
p=3.29X 10797, large effect according to

Cohen’s d), pastries (88% less, p=0.0043) and
sugar (91% less, p=9.01 X109, moderate
effect according to Cohen’s d) was significantly
reduced (Table 3).
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Figure 3. Results of IBS-QoL. (a) Total score values. Black dots, individual results; in blue, the mean; in
shadowed blue, 95% of confidence interval. (b) Results of each domain.

95% of confidence interval, <0.2, negligible effect; 0.2-0.5, small effect; 0.5-0.8, moderate effect; >0.8, large effect.
Cohen’s d, effect size of paired t-test; p, p value of paired t-test; IBS-QoL, irritable bowel syndrome-quality of life.

Among the allowed foods, all the participants of
the study included olive oil, chicken and eggs in
their diet (Figure 5). The evaluation of the food
intake did not vary between visit 2 and final visit,
and the different foods included in the diet were
well accepted (Supplemental Table 4).

Finally, the adherence to the diet was observed to
be high but it was significantly lower at the end of
the intervention (visit 2: 8.39 = 0.83, final visit:
7.86 £1.36, p=0.0087, moderate effect accord-
ing to Cohen’s d) (Figure 6(a)). Regarding the
difficulty to follow the dietary protocol, the par-
ticipants showed mixed opinions and the change
over the diet was not significant (visit 2: 5+ 3.01,
final visit: 5.86 =2.71, p=0.1039) (Figure 6(b)).

Two-month follow-up

Two months after the end of the intervention, 22
questionnaires were returned by post. After
2months, the symptoms and Qol. deteriorated
but they were still better than the situation defined
by participants before entering into the dietary
intervention (Figure 7(a) and (b)). IBS-SSS score
(Figure 7(a)) was higher after 2 months (final visit
versus 2-month follow-up, p=0.0482, small effect
according to Cohen’s d) but lower than the score
obtained at the beginning of the intervention
(visit O wersus 2-month follow-up, p=0.0002,
large effect according to Cohen’s d). IBS-QoL

score (Figure 7(b)) was significantly lower after
2months (final visit versus 2-month follow-up
p»=0.0017, moderate effect according to Cohen’s
d), but it was significantly higher than at the
beginning of the intervention (visit O wersus
2-month follow-up, p=0.0024, moderate effect
according to Cohen’s d). In addition, after
2-month follow-up, dietary adherence (Figure
7(c)) was found to be significantly reduced in
comparison to the final visit (p=0.0045, moder-
ate effect according to Cohen’s d) but the diffi-
culty (Figure 7(d)) remained equal (p=0.9384).

Discussion

Finding effective treatments for IBS is difficult and
dietary interventions have been shown to be help-
ful in improving symptoms. One dietary strategy
developed by the National Institute for Health and
Care Excellence advises individuals to eat smaller
portions and more frequently, to eat regularly and
in peace, to reduce intake of foods that could
potentially stimulate the GI tract and to adapt
intake of fibre depending on stool form predomi-
nance. Another dietary strategy is the one that rec-
ommends a temporary exclusion of fermentable
carbohydrates such as FODMAPs since these have
been found to trigger symptoms in some patients.
Although a low FODMAP diet has been shown to
produce clinically meaningful responses in 50—
86% of IBS patients,22 data still suggest that nearly
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Figure 4. Results of daily answers. In grey, individual responses. (a) Bowel movements; in blue, the median
value. (b] Bristol scale; in blue, the median value. (c] Abdominal pain; in blue, the mean; in shadowed blue,
95% of confidence interval. (d) Bloating; in blue, the mean; in shadowed blue, 95% of confidence interval. (e)
Urgency; in blue, the mean; in shadowed blue, 95% of confidence interval.

95% of confidence interval, <0.2, negligible effect; 0.2-0.5, small effect; 0.5-0.8, moderate effect; >0.8, large effect.
Cohen’s d, effect size of paired t-test; p, p value of paired t-test.

35% of individuals do not benefit from this man-
agement option.?3 There is an increasing evidence
that partial sucrase-isomaltase deficiency is associ-
ated with a higher risk of IBS in the general popu-
lation. Indeed, recent investigations are providing
evidence that sucrase-isomaltase deficiency is more
prevalent and of greater clinical significance than
previously suspected.®2* While the low FODMAP
diet has not been linked to a specific mechanism
(or at least to a specific carbohydrate digestion

pathway), sucrose intolerance offers the opportu-
nity to specifically target the ‘defect’ (possibly
genetically determined in some individuals) via
dietary restrictions. The restriction in sucrose and
starch has been shown to be effective in prelimi-
nary studies of IBS patients,® 10 even irrespective
of genetics.?> Hence, the aim of this study was to
test a SSRD in a subset of IBS patients with diar-
rhoea, to provide further evidence of the applica-
bility of such a dietary strategy.
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Table 2. Energy and nutrient intake of the participants before the beginning of the study (visit 0), after 2weeks of the study (visit 2]
and at the end of the dietary intervention (final visit).

Food habits Visit 0 Visit 2 Final visit

Mean Mean p Cohen’s d (C1 95%) Mean p Cohen’s d

(+=SD) (=SD) (+=SD) (C195%)
Energy (kcal/day) 2063 1664 3.28x10-05 0.88(0.54-1.36) 1729 0.0019 0.65(0.3-1.13)

(+589) (+398) (+459)
Protein (g/day) 93(+28) 100 (+31) 0.4648 -0.11(-0.49-0.29) 102 (+30) 0.1545 -0.27 (-0.7-0.1)
Fat (g/day) 107 (+39) 105 (+28] 0.4408 0.08 (-0.26-0.49) 115 0.2676 -0.21(-0.59-0.18)

(£35.22)

SFA (g/day) 29 (+12)  25(+10) 0.0872 0.27 (-0.14-0.62)  33(+15) 0.1699 -0.27 (-0.57-0.12)
PUFA (g/day) 14 (=7) 16 (=64)  0.5891 -0.14 (-0.48-0.26) 16 (+9)  0.3286 -0.19 (-0.52-0.25)
MUFA (g/day) 53 (+22) 50 (+11) 0.0767 0.29 (-0.08-0.72) 55 (=15)  0.9449 -0.01 (-0.42-0.4)
Carbohydrates (g/day] 179 (+51) 76 (+32)  4.24x10-11  1.93(1.48-2.76) 76 (+32)  4.04x10-1  2.00(-0.45-0.38)
Fibre (g/day) 18 (+9) 15(+4)  0.0547 0.33(-0.03-0.69)  15(+7)  0.1045 0.31 (-0.04-0.48)
Sugar g/day) 37 (+£24) 19 (=15)  0.0005 0.70 (0.42-1.1) 20 (x16) 0.0018 0.65(0.38-1.11)
Sucrose (g/day) 17 (£13) 3 (=3) 234%10-0¢ 1.07 (0.84-1.6) 4 (*4) 4.91x10-0 1.07 (0.83-1.65)
Starch (g/day) bt (+44) 5(x7) 5.13%10-08  1.42 (1.19-1.96) 7 (+9) 1.79%10-%8  1.49 (1.22-2.11)

95% of confidence interval, <0.2, negligible effect; 0.2-0.5, small effect; 0.5-0.8, moderate effect; >0.8, large effect.
Cohen’s d, effect size of paired t-test; MUFA, monounsaturated fatty acids; p, p value of paired t-test; PUFA, polyunsaturated fatty acids; SD,
standard deviation; SFA, saturated fatty acids.

Table 3. Food frequency consumption of different food items by the participants at the beginning (visit 1) and

at the end of the dietary intervention (final visit).

Food groups consumption Mean visit 1 Mean final p Cohen’s d (95% Cl)
(servings/month) (=SD) visit (=SD)

Whole-fat dairy products 29 (+36) 42 (+35) 0.0573 -0.33 (-0.66 to 0.00)
Low-fat dairy products 17 (+28) 20 (*=26) 0.4215 -0.14 (-0.5t0 0.19)
Eggs 17 (+=17) 22 (+23) 0.2096 -0.22 (-0.51 t0 0.01)
White meat 12 (+7) 13 (+6) 0.4313 -0.14 (-0.59 t0 0.18)
Red meat 8 (+6) 9 (+5) 0.4399 -0.13(-0.59 to 0.17)
Withe fish 6 (+4) 8 (+4) 0.0225 -0.41(-0.77 to -0.14)
Fatty fish 4 (+4) 6 (+5) 0.0206 -0.41(-0.84 to -0.1)
Vegetables 27 (+£22) 33 (+18) 0.0952 -0.29 (-0.69 to 0.02)
Fruits 33 (+26) 4t (+29) 0.0202 -0.42 (-0.91 to -0.08)

(Continued)
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Table 3. (Continued)

Food groups consumption Mean visit 1 Mean final p Cohen’s d (95% Cl)
(servings/month) (+SD) visit (=SD)

Nuts 11 (=14) 34 (£21) 1.03%x10-07 -1.16 (-1.88 to -0.78)
Pulses 6 (+6) 1(+2) 1.30%10-07 1.14 (0.92 to 1.64)
Olive oil 89 (+41) 89 (+41) 0.9776 0.00 (-0.34 to 0.35)
Other fats 10 (+16) 9 (=19) 0.7558 0.05 (-0.28 to 0.04)
Refined cereals b4 (+55) 3 (+6) 3.29%10-97 1.09 (1.47 t0 0.82)
Whole cereals 9 (+21) 2 (+3) 0.0616 0.33 (0.05to 0.53)
Pastries 10(=17) 1(+5) 0.0043 0.52 (0.74 to 0.36)
Sugars 32 (+37) 3(+9) 9.01x10-05 0.76 (1.04 to 0.54)
Alcohol 21 (+47) 11 (*=14) 0.1714 0.24 (0.2 to 0.43)
Water 128 (+56) 148 (+34) 0.0160 -0.43 (-0.8 to 0.14)

95% of confidence interval, <0.2, negligible effect; 0.2-0.5, small effect; 0.5-0.8, moderate effect; >0.8, large effect.
Cohen’s d, effect size of paired t-test; p, p value of paired t-test; SD, standard deviation.

As far as we know, this is the first attempt to use
the SSRD in a different population suffering
from IBS-D. In this sense, we used this diet
accompanied by nutritional and culinary recom-
mendations that might help the participants to
comply with the diet and improve the IBS symp-
toms, as a pilot study to analyse the feasibility of
the use of SSRD in our population.

Results from this study showed a significant
improvement of the symptoms and a significant
amelioration of the patient’s QoL. Even though
the dietary intervention lasted 1month, 2weeks
after the beginning of the SSRD, significant
enhancement was observed in symptoms of
patients, which was maintained until the inter-
vention was finished. Interestingly, in the
2-month follow-up period, these improvements
were also detected. In a study where a low
FODMAP diet was followed during 4weeks, a
significant improvement in IBS-SSS score
between the baseline and the end of the interven-
tion was reported.?® Although methodological
differences exist between studies, our results are
in line with the studies in which low FODMAP
diets has demonstrated an amelioration in com-
parison to the baseline symptoms,>° as well as,
the improvements observed with the dietary

interventions based on SSRD.11-13 In addition, in
this study, the participants were more satisfied
with their bowel habit and their stool frequency
and consistency which improved at the end of the
intervention compared to baseline, reducing the
main symptoms related to IBS-D.

The mentioned amelioration was observed in
almost all participants. However, the success of
the intervention cannot be only explained by the
reduction in the intake of sucrose and starch. In
this study, the dietary pattern of participants was
found to be modified towards a healthier diet.
Moreover, participants received personalized die-
tary guidance, together with a recipe book and a
menu plan, which could help to improve adher-
ence to the diet.

The changes observed in the intake of calories
and food frequency (e.g. the significant reduction
of the sugar and starch consumption) were con-
sistent with the characteristics of the recom-
mended SSRD diet. Indeed, these modifications
were accompanied with a significant increase in
the consumption of healthy foods such as fruits,
nuts and fish. These results are in agreement with
the hypothesis brought up by other researchers,!!
that suggest that the beneficial effects of SSRD
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Figure 6. Adherence and difficulty of the diet. Black dots, individual results; blue lines, median value.
(a) Adherence to the diet. (b] Difficulty to comply the diet.
95% of confidence interval, <0.2, negligible effect; 0.2-0.5, small effect; 0.5-0.8, moderate effect; >0.8, large effect.

Cohen’s d, effect size of paired t-test; p, p value of paired ¢-test.

may depend not only on a reduction of the intake
of cereals and sweet/soft drinks, but also on a
modification to a more healthy dietary pattern. In
the case of fibre consumption, there was not sig-
nificant changes in its intake during the study,
which means that fibre intake was not a main fac-
tor in decreasing stool frequency. These results
are in line with the outcomes obtained in a previ-
ous study where the impact of a SSRD on GI
symptoms was examined.'? In the study con-
ducted by Nilholm et al.,!? the effect of a SSRD
on GI symptoms was investigated in relation to
dietary intake and systemic inflammation. The
authors reported that the positive effects on GI
symptoms of a SSRD were not mediated by
reduced systemic inflammation, and described
alternative mechanisms, such as the exhaustion of
normal physiological systems, intestinal dysbiosis
or sucrase-isomaltase deficiency. These authors
reported that there was no correlation between
changes in GI symptoms and fibre intake.

Accordingly, in a previous study that investigated
the effect of a dietary guidance on the manage-
ment of the diet and the impact of the diet on the
symptoms and QoL of patients, it was concluded
that this dietary guidance improved patients’
choice of a healthier diet and QoL and IBS

symptoms were also ameliorated.?” Furthermore,
in a more recent study published by the same
research group, the relevance of the dietary guid-
ance as a cost-effective option for the manage-
ment of IBS was suggested.?8

In our study, a high adherence to the diet was
observed, as it has been previously demonstrated
with a SSRD-based dietary intervention.!%13
Adherence to the diet is an essential parameter for
the success of the intervention and the improve-
ment of symptoms has been associated to dietary
adherence.!® In our study, research nutritionists
were responsible for providing dietary guidance in
each of the visits and were available to answer
questions about the diet via email or by telephone
between the visits. Therefore, the high adherence
and the positive evaluation from patients about
the lack of difficulty to follow the diet might be
associated with the individualized dietary man-
agement guidance provided, as well as to the
developed culinary material (recipe book and
menu planning) made available for the patients.
Taking into consideration the COVID-19 pan-
demic, during the study, mobility restrictions
were established by the government. As a conse-
quence, patients were given the option to conduct
a phone call for visit 2 and the final visit, instead
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Figure 7. Two-month follow-up. Black dots, individual results. (a) IBS-SSS score; blue lines, mean value. (b)
IBS-Qol total score; blue lines, mean value. (c) Adherence to the diet; blue lines, median value. (d) Difficulty to

comply the diet; blue lines, median value.

95% of confidence interval; <0.2, negligible effect; 0.2-0.5, small effect; 0.5-0.8, moderate effect; >0.8, large effect.
Cohen’s d, effect size of paired t-test; IBS-QoL, irritable bowel syndrome-quality of life; IBS-SSS, irritable bowel syndrome-

symptom severity scale; p, p value of paired t-test.

of making an in-person visit. In this sense, no rel-
evant issues or limitations were reported by par-
ticipants regarding the visits that were conducted
by phone.

The major limitation of this work is that it was not
a randomized trial and also, that the diet was not
been compared with other diets, such as the low
FODMAP diet. However, patient’s food con-
sumption was controlled by a nutritionist to
ensure that the recommendations were success-
fully completed and dietary intake was analysed
by validated FFQs and by a 24-h dietary recall. In
this sense, an increase in the consumption of

some foods with high FODMAP content was
detected, which might indicate that the improve-
ment of symptoms in these patients was not spe-
cifically associated with a reduced consumption
of FODMAPs. Moreover, patients significantly
reduced the intake of refined and whole cereals,
pastries and sugars, food components that have
been related to GI symptoms in an IBS popula-
tion.!! In fact, a change towards a healthier con-
sumption of food items was observed,
characterized by an increased intake of white fish,
fatty fish, fruits, nuts and vegetables. Therefore,
according to previous investigations,!! the out-
comes from this work suggest that the benefits of
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the intervention might partly depend on the die-
tary pattern improvement towards the consump-
tion of healthier food items. It should be
highlighted that the main aim of this study was to
evaluate the impact of a SSRD accompanied by
nutritional and culinary recommendations on
IBS symptoms. Of note, our results are in line
with the results obtained in previous non-rand-
omized and randomized controlled trials in which
a low FODMAP diet or SSRD was used for IBS
symptoms improvement.>%11-13 Considering the
results from this study and, as pointed out by
other authors,” the stratification of IBS patients
assessing sucrase-isomaltase function might hold
the potential to identify patients who will benefit
from a personalized and precision nutrition ther-
apy, and thus, avoid the use of dietary therapies
that will not be effective. On the other hand, the
accompaniment of a SSRD with nutritional and
culinary recommendations seems to be an appro-
priate approach to help alleviating the symptoms
in IBS patients with diarrhoea and, therefore,
follow-up studies are needed to validate the
results. Those follow-up studies should analyse
the impact of sucrose-isomaltase mutations in the
success of the diet; compare SSRD with different
diets such as low FODMAP diet; include groups
of patients with other symptoms (e.g. chronic
diarrhoea); and test the use of different limitation
and reintroduction phases of food with moderate
or high sucrose and starch content.

In conclusion, this pilot study has analysed the
effectiveness of an individualized dietary guid-
ance that was accompanied by a culinary guide
consisting of a recipe book and a menu planning
that was adapted for a SSRD. The conclusions
obtained from the conducted intervention sug-
gest that this approach seems to be promising in
the improvement of symptoms and QoL of IBS
patients with diarrhoea. Furthermore, the present
outcomes suggest the potential of this dietary
guidance to promote the adherence to the diet to
successfully apply a SSRD in our population.
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