
RESEARCH ARTICLE

Co-Administration of Soy Isoflavones and
Vitamin D in Management of Irritable Bowel
Disease
Mahsa Jalili1, Azita Hekmatdoost2*, Homayoon Vahedi3, Hossein Poustchi4,
Behnam Khademi5, Mohsen Saadi5, Maryam Zemestani6, Leila Janani7*

1 Department of Biology, Norwegian University of Science and Technology (NTNU), Trondheim, Norway,
2 National Nutrition and Food Technology Research Institute, Faculty of Nutrition and Food Technology,
Shahid Beheshti University of Medical Sciences, Tehran, Iran, 3 Digestive disease research center (DDRC),
Digestive Disease Research Institute, Tehran, Iran, 4 Liver and pancreatic biliary research group, Digestive
Disease Research Institute, Tehran, Iran, 5 Students’Research Committee, Faculty of Nutrition and Food
Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran, 6 Students’Research
Committee, Faculty of Nutrition, Tabriz University of Medical Sciences, Tabriz, Iran, 7 Department of
Biostatistics, School of Public Health, Iran University of Medical Sciences, Tehran, Iran

* leila_janani@yahoo.com (LJ); a_hekmat2000@yahoo.com (AH)

Abstract

Background and Aims

The substantial characteristics of Irritable Bowel Syndrome (IBS) are associated with estro-

gens in women. Both soy isoflavones and vitamin D can modulate estrogen receptors in the

colonic smooth muscles. The aim of this study was to investigate the effects of soy isofla-

vones, vitamin D and their probable interactions in women with IBS.

Methods

In a factorial blinded randomized clinical trial, 100 women with IBS (age:18-75yr, were ran-

domly assigned in 4 arms to receive either placebo of vitamin D and placebo of soy isofla-

vones (P+P), or placebo of vitamin D and soy isoflavones (P+S), or vitamin D and placebo

of soy isoflavones (D+P), or vitamin D and soy isoflavones (D+S) for 6 weeks. Dosage of

soy isoflavone was 2 capsules of 20 mg soy isoflavones per day, and dosage of vitamin D

was one pearl of 50’000 IU biweekly. The clinical outcomes were IBS symptoms severity

scores (IBS-SSS), disease- specific quality of life (IBS-QOL) and total score (IBS-TS) that

evaluated at weeks 0, 6, and 10, and compared to each other.

Results

IBS-TS improved significantly in both S+P and D+P groups (p- value = 0.004, 0.015). The

interaction effect of soy isoflavones and vitamin D on IBS-TS was significant (p<0.05). The

interaction effect of soy isoflavones with vitamin D and the main effect of vitamin D on IBS-

SSS were not statistically significant, whereas IBS-SSS decreased significantly in S+P and

D+P groups (p-value = 0.001, 0.047 respectively).
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Conclusion

Our results indicate that co-administration of soy isoflavones with vitamin D did not improve

the IBS- SSS and IBS- QOL; however, it improved the IBS-TS.

Trial Registration

Clinical Trials.gov NCT02026518

Introduction
Irritable bowel syndrome (IBS) is the most common gastrointestinal problem, which affects 7%
to 21% of the general population [1]. Although the prevalence of this syndrome is high, there is
no proven treatment for it, and current treatments can negatively impact quality of life [2–4].
The probable mechanisms of IBS include alteration of intestinal permeability, visceral motility
and hypersensitivity that can be triggered after an emotional stress [5]. There is a mutual rela-
tionship between psychological and somatic risk factors that induce the lifelong symptoms of
functional bowel disorders [6]. Hectic lifestyle contributes to high risk of IBS after infections
[7] and anxious people experience more frequent and worse symptoms of IBS [8], so that anxi-
ety, stress and emotional illness are associated with increased intestinal permeability and
hypersensitivity [5].

Chronic visceral pain is one of the substantial characteristics of IBS that is associated with
estrogens activity in women [9]. Women with IBS report more frequent functional bowel dis-
orders during their menstrual period [10]. Reduction of estrogens can affect hypersensitivity
and gut permeability of women with IBS [11] that has been shown in experimental Rat model
of IBS [12]. Higher severity of symptoms in IBS is correlated with more gut permeability [13].
In the other hand, estrogen receptors type β (ERβ) are expressed predominantly in colon and
can be activated by estrogen like compounds such as isoflavones and reduce the gut hypersensi-
tivity [12]. Diadzein, glycetin and genistein are soy isoflavones acting as 17- β estradiol with
high affinity to ERβ [14]. Similarly, 1,25 di-hydroxy vitamin D can act as a modulator of ERs
and activate the nuclear signaling of these ERs in the colonic smooth muscles[15]. Up to our
knowledge, there is no clinical study to evaluate the effect of co-administration of isoflavones
and vitamin D on clinical outcomes in IBS. These findings plus a recent report of improvement
of IBS symptoms by high-dose supplementation of vitamin D[15] encouraged us to design a
randomized clinical trial to evaluate the effects of soy isoflavones and vitamin D supplementa-
tion in the management of IBS.

The aim of this study was to investigate the effects of soy isoflavones, vitamin D and their
co-administration effects on symptoms severity scores, disease- specific quality of life and total
score in women with IBS using a factorial randomized clinical trial design.

Materials and Methods

Study design
Women with IBS with age range of 18 to 75 year old and body mass index (BMI) of 18–25
were recruited from the Endoscopy clinic, Shariati Hospital, Tehran, Iran. The ROME III crite-
ria was used for diagnosis of IBS [16]. Inclusion criteria were absence of intestinal organic dis-
eases, intestinal infection, history of colorectal disorders, major intestinal surgery, current use
of antibiotics, anti-diarrhea and anti-constipation drugs, non-steroidal anti-inflammatory
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drugs, metocloperamide, cisaperide, difenoxilate, opium and immune suppressors. The exclu-
sion criteria were use of any type of soy products and/or vitamin D, use of synthetic sweeteners
(due to change of intestinal permeability) 2 days before and during the study. Moreover, preg-
nant and lactating women were not recruited in the study. In addition, patients with history of
breast cancer in herself or her mother and sisters were excluded from the study according to
their self-reporting. Furthermore, diet therapy, hormone therapy and substantial changes in
dietary intakes especially consumption of soy or vitamin D rich foods or supplements during
the study, and no desire to continue participation in the study were considered as exclusion
criteria.

All patients with eligibility criteria started the study in 2013. The study protocol was
approved by Ethics committee of National Nutrition and food Technology Research Institute
(NNFTRI) with registeration number of 92-10-10-459. Before starting the intervention, all par-
ticipants were explained about the intervention, their rights and objectives of the study and
they have signed the written informed consent after acceptance to participate in the study. The
participants were randomly assigned to receive either placebo of vitamin D and placebo of soy
isoflavones (P+P), or placebo of vitamin D and soy isoflavones (P+S), or vitamin D and placebo
of soy isoflavones (D+P), or vitamin D and soy isoflavones (D+S) for 6 weeks. We produced 25
equaled size blocks (size = 4) for allocation of patients to 4 different intervention groups. Ran-
domization was not exposed to those conducting the study and was provided in sealed opaque
envelopes with successive numbers.

The soy isoflavones capsules (21 century co., USA) contained 10 mg of diadzein, 8.5 mg of
genstein and 1.5 mg of glycetin that was taken twice a day. The vitamin D pearls (Zahravi co.,
Iran) consisted of 50000 IU cholecalciferol that was taken one pearl biweekly. The placebos
were in the same shape and color of each homonymous supplement. The placebo of soy isofla-
vones contained 10 mg corn starch and the placebo of vitamin D contained 10 mg medium
chain triglyceride (MCT) oil, and provided by Zahravi Co., Tabriz, Iran. The MCT oil con-
tained 59.4% Caprylic acid, 39.6% Capric acid, 0.7% Caproic acid, 0.2% Lauric acid, and 0.1%
Myristic acid.

Clinical, paraclinical, and dietary intake assessments
The baseline data about personal information, anthropometric data (including weight, height,
BMI, waist circumference (WC)) and dietary recalls for 3 days (2 working days and one holi-
day) was gathered. The dietary recalls were filled by face to face interview and their nutrients
content were calculated using dietary calculator software, Nutritionist IV (First data bank).
NNFTRI validated list of portion sizes of Iranian cuisine and nutritional composition tables
were applied to get accurate data of dietary intake [17].The consumption of soy (foods, supple-
ments) and vitamin D (sun exposure, foods and supplements) was assessed. All participants
were asked to fill in a

validated IBS symptoms severity score (IBS-SSS) questionnaire [18] and, a validated IBS
quality of life (IBS-QOL) questionnaire [19] at week 0 and week 6. IBS-SSS questionnaire con-
sists of 5 items about the severity of abdominal discomfort, frequency of discomfort, severity of
flatulence, satisfaction after defecation and interactive impact of IBS symptoms with everyday
life. Data were collected by face to face interview using visual analog scale (VAS) sum of scales
were transformed to a 500 scale ranging from 0 to 500. IBS- QOL questionnaire has 34 items
including dysphoria (8 items), body image (4 items), health-oriented worries (3 items), sexual
related worries (2 items), social behavior (4 items), intervene with every-day activity (7 items)
and personal relationship (3 items) [20]. This questionnaire based on 5-choice scale (0–4) and
the summed total score was transformed to a 100 scale ranging from 0 (poor QOL) to 100
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(maximum QOL); the valid Persian format of original questionnaire was used in this study
[19]. Additionally, total score of IBS was measured by a VAS of 100 mm scale to assess the total
impact of IBS symptoms on the quality of life at week 0, 6 and 10 (follow-up period) [21].
Weekly follow-up was done by phone call and the probable adverse effects of supplements
were asked at each call. Tablet counts were used to assess adherence to treatment and compli-
ance of study participants. The total score of IBS was assessed at week 10 to evaluate the effect
of intervention after cessation of supplementation.

The primary outcome measure was score of IBS-SSS questionnaire and the secondary out-
come measures were IBS- QOL score and total score.

Based on the result of the study by Ligaarden et al.[22], we used G-Power software to calcu-
late sample size for this study. Considering independent t-test for comparison of means of IBS
Score between vitamin D group versus placebo and Soy flavonoid group versus placebo and
targeting the significance level of the test at 0.05, twenty one subjects in each group would be
enough for detecting 1.6 difference in means of two groups with study power of 80% (S1 = 1.88
and S2 = 1.77). This sample size would be sufficient to detect an interaction effect as large as
twice of main effects. Considering 15% loss to follow up, we allocated 25 patients for each
group.

Statistical analysis
Quantitative data were presented as mean (SD) and qualitative data were reported as frequency
and percentage. Analysis of variance (ANOVA), chi-square test and fisher’s exact test, were
used to compare baseline factors between groups. General linear models (Two-way ANOVA)
were used to analyze the main effects and interaction effect of two interventions. The model-
based adjusted means (SE) were reported for this type of analysis. Data were analyzed using
SPSS software version 20 (Released 2011. IBM SPSS Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp.). P-values< 0.05 were considered statistically significant. Data ana-
lyzed by intention-to-treat (ITT) approach. Overall 10% of data were missing. We used regres-
sion models for imputing missing values. For reporting results of analysis, we used a table
format which introduced by Wang et al [23] for factorial designs.

Results
One hundred women with IBS participated in this clinical trial and were assigned to four
groups randomly: P+ P group (n = 25), S+P group (n = 25), D+ P group (n = 25) and S+ D
group (n = 25). All data on participants’ entrance and retention in the groups have been shown
in Fig 1. The baseline demographic data of four groups were not significantly different
(Table 1). There were no significant differences in dietary intakes among four groups (Results
were not shown).

Primary outcome
The interaction effect of soy isoflavones with vitamin D was not statistically significant for
IBS-SSS (p = 0.197); so, we could discuss about main effects. The main effects of soy isoflavones
and vitamin D on the IBS- SSS were statistically significant (p = 0.001, p = 0.047 respectively).
The IBS- SSS was significantly lower in patients who received soy isoflavones versus patients
who did not receive it (adjusted mean = 12.93 versus adjusted mean = 17.83). Adjusted mean
of IBS- SSS was lower in patients who received vitamin D in comparison to patients who did
not receive vitamin D (adjusted mean = 13.59 versus adjusted mean = 16.64) (Table 2). The
effects of soy isoflavones and/or vitamin D supplementation on the abdominal pain severity
(Fig 2), abdominal pain duration (Fig 3), abdominal distension (Fig 4), satisfaction of bowel
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habits (Fig 5), life disruption (Fig 6) after 6 weeks was significantly different among the study
groups.

Secondary outcomes
The IBS- QOL questionnaires were filled in by all participants at week 0 and week 6. The inter-
action effect of vitamin D and soy isoflavones on the QOL scores was not statistically signifi-
cant (p = 0.675); so, we could interpret the main effects of soy isoflavones and vitamin D.Soy

Fig 1. Flow Diagram of the study.

doi:10.1371/journal.pone.0158545.g001

Table 1. Characteristics of participants in different groups at the baseline.

Soy + P (n = 25) Soy + D (n = 25) P + P (n = 25) D + P (n = 25) P-value

Age (yr) mean(SD) 42.96 (11.70) 40.16 (13.46) 39.76 (12.99) 41.32 (12.62) 0.8121

Weight (kg) mean(SD) 71.94 (10.67) 65.60 (14.86) 65.90 (11.95) 66.40 (10.10) 0.2041

Height (cm) mean(SD) 160.40 (5.24) 157.54 (5.62) 161.08 (6.09) 159.71 (5.60) 0.1301

Waist circumference (cm) mean(SD) 90.50 (9.81) 87.06 (13.95) 87.66 (11.06) 89.00 (11.32) 0.5441

BMI (kg/m2) mean(SD) 28.08 (4.82) 26.49 (5.87) 25.35 (3.93) 26.04 (4.15) 0.2251

Serum vitamin D (ng/ml) mean(SD) 20.87 (8.34) 20.92 (8.32) 21.23 (8.45) 21.10 (8.23) 0.9811

Subtypes N (%)

IBS-C 19 (59.4) 12 (46.2) 22 (62.9) 21 (65.6) 0.3743

IBS-D 5 (15.6) 3 (11.5) 4 (11.4) 3 (9.4)

IBS-M 4 (12.5) 8 (30.8) 7 (20) 5 (15.6)

IBS-U 4 (12.5) 3 (11.5) 2 (5.7) 2 (6.3)

IBS-SSS mean (SD) 240.00 (7.1) 240.64 (110.56) 250.56 (120.36) 250.56 (90.60) 0.9641

IBS-QOL mean (SD) 64.48 (27.85) 58.48 (31.04) 46.32 (30.06) 58.40 (31.41) 0.1951

Total score mean (SD) 21.60 (15.92) 23.80 (13.48) 22.40 (15.55) 20.40 (15.13) 0.8791

Smoking N (%) 2 (8.00) 3(12.00) 2 (8.00) 0 (0.00) 0.5082

Menopause N (%) 10(40.00) 8 (32.00) 8(32.00) 8(32.00) 0.9113

1- Statistical significance test was done by ANOVA.

2- Statistical significance test was done by Fisher’s exact test.

3- Statistical significance test was done by Pearson chi-square.

SD: Standard deviation; Yr: year; Kg: kilogram; M: meter; cm: centimeter; IBS-C: Constipation; IBS-D: Diarrhea; IBS-M: Mixed; IBS-U: Unsubtyped.

doi:10.1371/journal.pone.0158545.t001
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isoflavones improved the total score of QOL significantly (adjusted mean for patients who
were received soy isoflavones was 34.55 while adjusted mean for patients who were not
received it was 44.96, p- value = 0.004). Also, the vitamin D supplementation significantly
improved the IBS- QOL scores (The adjusted mean of IBS- QOL score was 35.48 for patients
who were received vitamin D, while the adjusted mean for patients who were not received it
was 44.04, p- value = 0.015) (Table 3).

The interaction effect of soy isoflavones and vitamin D on the total score of IBS was signifi-
cant (p<0.001) (Table 4); so, the overall effects of soy isoflavones and vitamin D on the total
score could not be interpreted. However, we assessed the effect of vitamin D on total score in
placebo and soy isoflavones groups separately. The effect of vitamin D on the total score was
statistically significant in placebo group (the adjusted mean of total score was 68.60 for patients
who were received vitamin D while the adjusted mean for placebo group was 29.28, p-
value< 0.001).There was not any statistically significant difference between vitamin D and pla-
cebo groups in patients who received soy isoflavones in the case of total score (Table 5).

Discussion
To our knowledge, this study is the first 2× 2 factorial randomized clinical trial that evaluated
the effects of soy isoflavones and vitamin D supplementation on clinical manifestations, quality
of life and total score in women with IBS. Our findings have revealed that co-administration of
soy isoflavones with vitamin D could not improve the IBS- SSS, and IBS- QOL scores, although
each treatment reduced significantly the symptoms severity and quality of life. The interaction

Table 2. The effects of soy isoflavones and/or vitamin D supplementation on the IBS- SSS after 6 weeks.

Vitamin D adjusted mean 1(SE) Total

No Yes

Soy isoflavones adjusted mean1 (SE) No 200.36(10.54) 150.31(10.51) 170.83(10.08)

Yes 120.91(10.53) 110.86(10.51) 120.93(10.08)

Total 160.64(10.09) 130.59(10.09)

Soy isoflavones main effect F = 8.15 (df = 1), P-value = 0.001**

Vitamin D main effect F = 0.89 (df = 1), P-value = 0.047*

Interaction effect F = 3.79 (df = 1), P-value = 0.195

1- Adjusted for IBS- QOL and IBS- SSS baseline values,

2- * p-value<0.05;

3- ** p-value<0.001

doi:10.1371/journal.pone.0158545.t002

Fig 2. The effects of soy isoflavones and/or vitamin D supplementation on abdominal pain severity
after 6 weeks; results are adjusted for the baseline values and IBS subtype. S+P: soy isoflavones and
placebo of vitamin D group, S+D: soy isoflavones and vitamin D group, P+P: placebo of soy isoflavones and
placebo of vitamin D group, D+P: vitamin D and placebo of soy isoflavones group.* pso of v.

doi:10.1371/journal.pone.0158545.g002
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effect of soy isoflavones and vitamin D on IBS total score was significant, which indicates the
synergistic effect of these bioactive metabolites on the total score of IBS.

The total score of IBS was reduced as the interaction effect of soy isoflavones with vitamin
D; so, the synergistic effect of these treatments could be possible. The results of follow up total
score at week 10 was similar, which indicates that even after cessation of supplements, the

Fig 3. The effects of soy isoflavones and/or vitamin D supplementation on abdominal pain duration
after 6 weeks; results are adjusted for the baseline values and IBS subtype. S+P: soy isoflavones and
placebo of vitamin D group, S+D: soy isoflavones and vitamin D group, P+P: placebo of soy isoflavones and
placebo of vitamin D group, D+P: vitamin D and placebo of soy isoflavones group.* pso of v.

doi:10.1371/journal.pone.0158545.g003

Fig 4. The effects of soy isoflavones and/or vitamin D supplementation on abdominal distension after
6 weeks; results are adjusted for the baseline values and IBS subtype. S+P: soy isoflavones and
placebo of vitamin D group, S+D: soy isoflavones and vitamin D group, P+P: placebo of soy isoflavones and
placebo of vitamin D group, D+P: vitamin D and placebo of soy isoflavones group.* pso of v.

doi:10.1371/journal.pone.0158545.g004

Fig 5. The effects of soy isoflavones and/or vitamin D supplementation on satisfaction of bowel
habits after 6 weeks; results are adjusted for the baseline values and IBS subtype. S+P: soy
isoflavones and placebo of vitamin D group, S+D: soy isoflavones and vitamin D group, P+P: placebo of soy
isoflavones and placebo of vitamin D group, D+P: vitamin D and placebo of soy isoflavones group.* pso of v.

doi:10.1371/journal.pone.0158545.g005
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beneficial effects of bioactive compounds in suppression of abdominal pain and flatulence was
observed. There is no clinical trial evaluating the effects of soy products or vitamin D on clini-
cal manifestation of IBS. The active form of vitamin D can modulate ERs and activate the
nuclear signaling of them in the colonic smooth muscles[24]. In vitro studies have shown that
both soy phytoestrogens and vitamin D can strengthen each other to bind ERs in smooth mus-
cle cells and modulate the expression of ER proteins[24]. Besides the impact of these nutrients
on the specific receptors in colonic tissue, they may affect the psychological items of IBS and
soothe the chronic visceral pain [25]. Moreover, vitamin D is an essential nutrient in optimal
homeostasis of intestinal mucosal barrier and vitamin D deficiency is related to more severe
clinical features of IBS [26].

This study has some limitations: the study was done according to our planned protocol with
a good power in sample size estimation; however, the results suggest that we might reach to a
better results if the sample size was higher.Another limitation of this study was that judgment
of QOL outcomes in randomized clinical trials is sophisticated because there are different spe-
cific domains for each QOL item and they are associated with severity of disease, emotional
stress, mood and comorbidities [27], however, even small differences in QOL scores can indi-
cate a critical clinical variations [28]. Furthermore, randomization in equal block size of four,
although helps to ensure equal group size, may hinder the effectiveness of allocation
concealment.

This study has several strengths; one of the strengths of this study is its factorial design,
which is an efficient analytical method of concurrently evaluating two independent treatments

Fig 6. The effects of soy isoflavones and/or vitamin D supplementation on life disruption after 6
weeks; results are adjusted for the baseline values and IBS subtype. S+P: soy isoflavones and placebo
of vitamin D group, S+D: soy isoflavones and vitamin D group, P+P: placebo of soy isoflavones and placebo
of vitamin D group, D+P: vitamin D and placebo of soy isoflavones group.* pso of v

doi:10.1371/journal.pone.0158545.g006

Table 3. The effects of soy isoflavones or/ and vitamin D on IBS- QOL after 6 weeks.

Vitamin D adjusted mean1(SE) Total

No Yes

Soy isoflavones adjusted mean1 (SE) No 49.98 (3.51) 39.95 (3.45) 44.96 (2.46)

Yes 38.09 (3.48) 31.01(3.45) 34.55 (2.46)

Total 44.04 (2.44) 35.48 (2.44)

Soy isoflavones main effect F = 8.88 (df = 1), P-value = 0.004*

Vitamin D main effect F = 6.12 (df = 1), P-value = 0.015*

Interaction effect F = 0.177 (df = 1), P-value = 0.675

1- Adjusted for IBS- QOL baseline value,

* p-value<0.05

doi:10.1371/journal.pone.0158545.t003
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and finally, application of a disease- specific SSS and QOL questionnaires that demonstrate
robust and reliable data on the severity scores and psychometric properties is strength of this
study. We conducted a prior study to investigate the effects of soy isoflavones on these clinical
outcomes[29]. In this study, we added vitamin D to evaluate their co-administration effect.

In conclusion, the total score of IBS improved significantly through the interaction effect of
soy isoflavones and vitamin D that can suggest the synergistic effect of these nutrients on intes-
tinal hypersensitivity. Our findings did not support the synergistic effects of co-administration
of soy isoflavones and vitamin D on the IBS- SSS and IBS- QOL, although the soy isoflavones
or vitamin D alone reduced the IBS-SSS and IBS- QOL significantly. Our findings provide
some clinical evidence for effects of soy isoflavones and vitamin D on IBS symptoms and qual-
ity of life. Further clinical trialswith longer follow up and higher sample size are needed to
determine the possible effects of co-administration of these supplements on clinical outcomes
and management of IBS symptoms clearly.
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Soy isoflavones adjusted mean1 (SE) No 29.27(4.42) 69.37(4.35) 49.32(3.10)

Yes 70.63(4.38) 72.02(4.35) 71.32(3.10)
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Soy isoflavones main effect F = 24.85 (df = 1), P-value = <0.001**

Vitamin D main effect F = 22.76 (df = 1), P-value = <0.001**

Interaction effect F = 19.41 (df = 1), P-value = <0.001**

1- Adjusted for IBS- QOL and total score baseline values

** P-value<0.001

doi:10.1371/journal.pone.0158545.t004

Table 5. Estimation of effect of vitamin D on total score in Placebo and Soy isoflavones groups separately.

Placebo Adjusted mean1(SE) Vitamin D Adjusted mean1(SE) p-value

Placebo (n = 50) 29.28 (4.46) 68.60 (4.46) <0.001**

Soy isoflavones (n = 50) 71.24 (4.34) 72.17 (4.34) 0.882

1- Adjusted for IBS- QOL and total score baseline values

** P-value<0.001

doi:10.1371/journal.pone.0158545.t005

Soy and Vitamin D in Irritable Bowel Syndrome

PLOSONE | DOI:10.1371/journal.pone.0158545 August 4, 2016 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158545.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158545.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158545.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158545.s004


Acknowledgments
We are indebted to Shariati Hospital and Masoud Clinic for providing us with the equipment
used in the study, as well as Mrs. Markarian, the laboratory specialist who performed all lab
procedures. We appreciate all participants for their patience and kindly collaboration.

There is no conflict of interest.

Author Contributions

Conceived and designed the experiments:MJ AH LJ HV.

Analyzed the data: LJ MJ.

Wrote the paper:MJ AH LJ BK MSMZ.

Full access to all of the data in the study and takes responsibility for the integrity of the
data and the accuracy of the data analysis: AH.

Critical revision of the manuscript for important intellectual content: AH, LJ, MJ, HP, HV.

Statistical analysis: LJ, MJ.

Obtained funding: AH, HP, HV.

Administrative, technical, or material support: AH, HP, HV, BK, MS, MZ.

Study supervision: AH, HV, HP.

References
1. CheyWD, Kurlander J, Eswaran S (2015) Irritable bowel syndrome: a clinical review. Jama 313: 949–

958. doi: 10.1001/jama.2015.0954 PMID: 25734736

2. Murray K, Wilkinson-Smith V, Hoad C, Costigan C, Cox E, Ching L, et al. (2014) Differential effects of
FODMAPs (fermentable oligo-, di-, mono-saccharides and polyols) on small and large intestinal con-
tents in healthy subjects shown by MRI. Am J Gastroenterol 109: 110–119. doi: 10.1038/ajg.2013.386
PMID: 24247211

3. Chapman RW, Stanghellini V, Geraint M, Halphen M (2013) Randomized clinical trial: macrogol/PEG
3350 plus electrolytes for treatment of patients with constipation associated with irritable bowel syn-
drome. Am J Gastroenterol 108: 1508–1515. doi: 10.1038/ajg.2013.197 PMID: 23835436

4. Rao SS, Yu S, Fedewa A (2015) Systematic review: dietary fibre and FODMAP-restricted diet in the
management of constipation and irritable bowel syndrome. Aliment Pharmacol Ther.

5. Tanaka Y, KanazawaM, Fukudo S, Drossman DA (2011) Biopsychosocial model of irritable bowel syn-
drome. J Neurogastroenterol Motil 17: 131–139. doi: 10.5056/jnm.2011.17.2.131 PMID: 21602989

6. Hauser W, Layer P, Henningsen P, Kruis W (2012) Functional bowel disorders in adults. Dtsch Arztebl
Int 109: 83–94. doi: 10.3238/arztebl.2012.0083 PMID: 22368721

7. Spiller R, Aziz Q, Creed F, Emmanuel A, Houghton L, Hungin P, et al. (2007) Guidelines on the irritable
bowel syndrome: mechanisms and practical management. Gut 56: 1770–1798. PMID: 17488783

8. Nicholl BI, Halder SL, Macfarlane GJ, Thompson DG, O'Brien S, Musleh M, et al. (2008) Psychosocial
risk markers for new onset irritable bowel syndrome—results of a large prospective population-based
study. Pain 137: 147–155. PMID: 17928145

9. Heitkemper MM, Cain KC, Jarrett ME, Burr RL, Hertig V, Bond EF. (2003) Symptoms across the men-
strual cycle in women with irritable bowel syndrome. Am J Gastroenterol 98: 420–430. PMID:
12591063

10. Smith YR, Stohler CS, Nichols TE, Bueller JA, Koeppe RA, Zubieta JK. (2006) Pronociceptive and anti-
nociceptive effects of estradiol through endogenous opioid neurotransmission in women. J Neurosci
26: 5777–5785. PMID: 16723535

11. Houghton LA, Lea R, Jackson N, Whorwell PJ (2002) The menstrual cycle affects rectal sensitivity in
patients with irritable bowel syndrome but not healthy volunteers. Gut 50: 471–474. PMID: 11889064

Soy and Vitamin D in Irritable Bowel Syndrome

PLOSONE | DOI:10.1371/journal.pone.0158545 August 4, 2016 10 / 11

http://dx.doi.org/10.1001/jama.2015.0954
http://www.ncbi.nlm.nih.gov/pubmed/25734736
http://dx.doi.org/10.1038/ajg.2013.386
http://www.ncbi.nlm.nih.gov/pubmed/24247211
http://dx.doi.org/10.1038/ajg.2013.197
http://www.ncbi.nlm.nih.gov/pubmed/23835436
http://dx.doi.org/10.5056/jnm.2011.17.2.131
http://www.ncbi.nlm.nih.gov/pubmed/21602989
http://dx.doi.org/10.3238/arztebl.2012.0083
http://www.ncbi.nlm.nih.gov/pubmed/22368721
http://www.ncbi.nlm.nih.gov/pubmed/17488783
http://www.ncbi.nlm.nih.gov/pubmed/17928145
http://www.ncbi.nlm.nih.gov/pubmed/12591063
http://www.ncbi.nlm.nih.gov/pubmed/16723535
http://www.ncbi.nlm.nih.gov/pubmed/11889064


12. Braniste V, Leveque M, Buisson-Brenac C, Bueno L, Fioramonti J, Houdeau E. (2009) Oestradiol
decreases colonic permeability through oestrogen receptor beta-mediated up-regulation of occludin
and junctional adhesion molecule-A in epithelial cells. J Physiol 587: 3317–3328. doi: 10.1113/
jphysiol.2009.169300 PMID: 19433574

13. Zhou Q, Zhang B, Verne GN (2009) Intestinal membrane permeability and hypersensitivity in the irrita-
ble bowel syndrome. Pain 146: 41–46. doi: 10.1016/j.pain.2009.06.017 PMID: 19595511

14. Morito K, Hirose T, Kinjo J, Hirakawa T, OkawaM, Nohara T et al. (2001) Interaction of phytoestrogens
with estrogen receptors alpha and beta. Biol Pharm Bull 24: 351–356. PMID: 11305594

15. Sprake EF, Grant VA, Corfe BM (2012) Vitamin D3 as a novel treatment for irritable bowel syndrome:
single case leads to critical analysis of patient-centred data. BMJ Case Rep 2012.

16. Drossman DA, Dumitrascu DL (2006) Rome III: New standard for functional gastrointestinal disorders.
J Gastrointestin Liver Dis 15: 237–241. PMID: 17013448

17. Ghaffarpour M, Houshiar-Rad A, Kianfar H (1999) The manual for household measures, cooking yields
factors and edible portion of foods. Tehran, Iran: National Institute of Nutrition and Food Technology.

18. Francis CY, Morris J Fau—Whorwell PJ, Whorwell PJ The irritable bowel severity scoring system: a
simple method of monitoring irritable bowel syndrome and its progress. PMID: 9146781

19. Gholamrezaei A, Zolfaghari B, Farajzadegan Z, Nemati K, Daghaghzadeh H, Tavakkoli H, et al. (2011)
Linguistic validation of the Irritable Bowel Syndrome-Quality of Life Questionnaire for Iranian patients.
Acta Med Iran 49: 390–395. PMID: 21874644

20. Andrae DA, Covington PS, Patrick DL (2014) Item-level assessment of the irritable bowel syndrome
quality of life questionnaire in patients with diarrheal irritable bowel syndrome. Clin Ther 36: 663–679.
doi: 10.1016/j.clinthera.2014.04.009 PMID: 24813429

21. Ludidi S, Conchillo JM, Keszthelyi D, Van Avesaat M, Kruimel JW, Jonkers DM, et al. (2012) Rectal
hypersensitivity as hallmark for irritable bowel syndrome: defining the optimal cutoff. Neurogastroen-
terol Motil 24: 729–733, e345-726. doi: 10.1111/j.1365-2982.2012.01926.x PMID: 22591192

22. Ligaarden SC, Axelsson L, Naterstad K, Lydersen S, Farup PG (2010) A candidate probiotic with unfa-
vourable effects in subjects with irritable bowel syndrome: a randomised controlled trial. BMCGastro-
enterol 10: 16. doi: 10.1186/1471-230X-10-16 PMID: 20144246

23. Wang D, Bakhai A (2006) Clinical Trials—A Practical Guide to Design, Analysis, and Reporting Harris
C, editor: AndrewWard. 467 p.

24. Somjen D, Kohen F, Gayer B, Knoll E, Limor R, Baz M, et al. (2004) A non-calcemic Vitamin D analog
modulates both nuclear and putative membranal estrogen receptors in cultured human vascular
smooth muscle cells. J Steroid BiochemMol Biol 89–90: 397–399. PMID: 15225808

25. Karaahmet F, Basar O, Yksel I, Coban S, Yuksel O (2013) Letter: vitamin D supplementation and the
irritable bowel syndrome. Aliment Pharmacol Ther 37: 499. doi: 10.1111/apt.12188 PMID: 23336687

26. Kong J, Zhang Z, Musch MW, Ning G, Sun J, Hart J, et al. (2008) Novel role of the vitamin D receptor in
maintaining the integrity of the intestinal mucosal barrier. Am J Physiol Gastrointest Liver Physiol 294:
G208–216. PMID: 17962355

27. Samsa G, Edelman D, Rothman ML, Williams GR, Lipscomb J, Matchar D. (1999) Determining clini-
cally important differences in health status measures: a general approach with illustration to the Health
Utilities Index Mark II. Pharmacoeconomics 15: 141–155. PMID: 10351188

28. Coons SJ, Rao S, Keininger DL, Hays RD (2000) A comparative review of generic quality-of-life instru-
ments. Pharmacoeconomics 17: 13–35. PMID: 10747763

29. Jalili M, Vahedi H, Janani L, Poustchi H, Malekzadeh R, Hekmatdoost A. (2015) Soy Isoflavones Sup-
plementation for Patients with Irritable Bowel Syndrome: A Randomized Double Blind Clinical Trial.
Middle East J Dig Dis 7: 170–176. PMID: 26396720

Soy and Vitamin D in Irritable Bowel Syndrome

PLOSONE | DOI:10.1371/journal.pone.0158545 August 4, 2016 11 / 11

http://dx.doi.org/10.1113/jphysiol.2009.169300
http://dx.doi.org/10.1113/jphysiol.2009.169300
http://www.ncbi.nlm.nih.gov/pubmed/19433574
http://dx.doi.org/10.1016/j.pain.2009.06.017
http://www.ncbi.nlm.nih.gov/pubmed/19595511
http://www.ncbi.nlm.nih.gov/pubmed/11305594
http://www.ncbi.nlm.nih.gov/pubmed/17013448
http://www.ncbi.nlm.nih.gov/pubmed/9146781
http://www.ncbi.nlm.nih.gov/pubmed/21874644
http://dx.doi.org/10.1016/j.clinthera.2014.04.009
http://www.ncbi.nlm.nih.gov/pubmed/24813429
http://dx.doi.org/10.1111/j.1365-2982.2012.01926.x
http://www.ncbi.nlm.nih.gov/pubmed/22591192
http://dx.doi.org/10.1186/1471-230X-10-16
http://www.ncbi.nlm.nih.gov/pubmed/20144246
http://www.ncbi.nlm.nih.gov/pubmed/15225808
http://dx.doi.org/10.1111/apt.12188
http://www.ncbi.nlm.nih.gov/pubmed/23336687
http://www.ncbi.nlm.nih.gov/pubmed/17962355
http://www.ncbi.nlm.nih.gov/pubmed/10351188
http://www.ncbi.nlm.nih.gov/pubmed/10747763
http://www.ncbi.nlm.nih.gov/pubmed/26396720

