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Abstract

Aim: Biophenol-rich nutraceuticals may be an adjuvant treatment for Crohn's
disease (CD), ulcerative colitis (UC), symptomatic uncomplicated diverticular
disease (SUDD), and irritable bowel syndrome (IBS). This systematic review
and meta-analysis aimed to determine the efficacy and safety of biophenol-rich
nutraceutical supplementation on CD, UC, SUDD, and IBS on gastrointestinal
symptoms (GIS), quality of life (QoL), inflammatory and oxidative stress bio-
markers, and adverse events compared to usual care or placebo.

Methods: PubMed, Embase, CINAHL, and CENTRAL were searched for ran-
domised controlled trials until 27 April 2020. Outcomes were GIS, inflamma-
tory and oxidative stress markers, QoL, and adverse events. The Cochrane
Risk of Bias tool and GRADE were used to appraise studies. Data were pooled
using Revman.

Results: Twenty-three trials in CD, UC, and IBS patients were included. Com-
pared with placebo, biophenol-rich nutraceuticals improved GIS (SMD: 0.43
[95%CTI: 0.22, 0.63]; GRADE: very low) in UC, CD, and IBS participants. In UC
and CD participants, biophenol-rich nutraceuticals improved CRP by 1.6 mg/L
[95%CT:0.08, 3.11; GRADE: low], malondialdehyde by 1 mmol/L [95%CI:0.55,
1.38; GRADE: low]; but only resveratrol improved QoL (SMD: —0.84 [95%CI:
—1.24, —0.44; GRADE: high). Resveratrol (for UC and CD participants) and
peppermint oil (for IBS participants) had greater certainty in the evidence for
improving GIS and QoL (GRADE: moderate to high). There was no effect on
adverse events (P > .05).
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1 | INTRODUCTION

Inflammatory-related gastrointestinal conditions, such as
Crohn's disease (CD), ulcerative colitis (UC), symptom-
atic uncomplicated diverticular disease (SUDD), and irri-
table bowel syndrome (IBS), are an emerging global
health concern, with incidence and prevalence predicted
to increase worldwide.'* Although CD, UC, SUDD, and
IBS all have unique pathophysiology, they share gastroin-
testinal symptoms such as abdominal pain, cramping,
bloating, diarrhoea, and/or constipation.*® Inflammation
and/or oxidative stress play a role in the pathophysiology
of CD, UC, SUDD”®; however, not consistently in IBS.’
From the patient perspective, burden is often introduced
not only by the percieved symptoms, but lifelong finan-
cial and personal costs and treatment side effects, leading
to reduced quality of life and suffering.'®'* The rising
prevalence of these conditions and subsequent
hospitalisations also present a substantial burden to
health-care systems."?

Current therapies for the treatment and management
of inflammation-related gastrointestinal conditions
include a variety of medical, diet, and lifestyle recom-
mendations'*'’; however, biophenols have recently
gained interest as a possible adjuvant therapy for a range
of conditions."®*° Biophenols, sometimes referred to as
polyphenols, are phytochemicals found in foods such as
extra virgin olive oil, peanuts, turmeric, ginger, tea, and
peppermint. Although polyphenols are the more com-
mon term for such phytochmicals, they represent only
phenolic compounds with two or more aromatic benzene
rings.”" Recently, there has been a move towards utilising
the more scientifically accurate term of biophenols,
which represent all plant-derived phenols.** The benefits
of biophenols have been suggested for the treatment of
chronic conditions in humans, such as decreasing toxicity
in hemodialysis, improving mental health and cognitive
performance, managing nausea and vomiting in chemo-
therapy, or reducing cardiovascular disease risk.'***%’

The beneficial effects of biophenols are due to a vari-
ety of mechanisms, including their antioxidant,
antiglycation, and anti-inflammatory activities on glucose
and lipid metabolism as well as cell proliferation and

Conclusions: Biophenol-rich nutraceuticals may be an effective and safe adju-
vant treatment for the management of CD, UC, and IBS; with higher certainty
of evidence for resveratrol for UC and CD and peppermint oil for IBS.

Crohn disease, diverticular diseases, inflammatory bowel diseases, irritable bowel syndrome,
polyphenols, ulcerative colitis

interactions with the gut microbiota.”®>° More recently,
there is a growing body of interventional research
exploring the potential of biophenol-rich nutraceuticals
on patient-centered outcomes in gastrointestinal condi-
tions.*"** However, the efficacy and safety of biophenol-
rich nutraceuticals for such conditions has not been sys-
tematically reviewed and certainty in the body of evi-
dence for their adjuvant treatment potential is unknown.
This systematic review and meta-analysis aimed to
determine the efficacy and safety of biophenol-rich nutra-
ceutical supplementation on CD, UC, SUDD, and IBS on
gastrointestinal symptoms (GIS), quality of life (QoL),
inflammatory and oxidative stress biomarkers, and
adverse events compared to usual care or placebo.

2 | METHODS

This systematic review was written in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines* and was pro-
spectively registered with the International Prospective
Register of Systematic Reviews (PROSPERO: 159820).

Relevant studies were identified through a systematic
search of the Cochrane Central Library, Medline (via
PubMed), Embase (via Ovid), and CINAHL databases for
articles published since database inception to 27 April
2020. Controlled vocabulary search terms were used
where appropriate to describe major biophenol classes,
disease states, and study designs in combination with
keywords (Table S1). A snowball search was also con-
ducted, whereby reference lists of included studies and
similar reviews were considered to identify additional
studies not found in the systematic search strategy, up
until 9 December 2019.

Inclusion criteria for participants were human adults
aged >18 years with CD, UC, SUDD, or IBS. Where age
range was not reported, samples were included if the
mean age was >18 years. Inclusion criteria for types of
studies were parallel or crossover randomised controlled
trials (RCTs). Studies were included if the intervention
group were treated with an orally consumed biophenol-
rich nutraceutical with no coadministration of any test
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product or therapy beyond standard care for more than
1-week. Biophenol-rich nutraceuticals were included if
the test product was listed on the Phenol-Explorer 3.6
database, which is an independent database compiling
over 500 biophenols.>* Studies were included if compara-
tor groups were treated with standard care alone (if this
standard care was also provided to the intervention
group) or placebo. Studies were included if they were
published in languages spoken by the authorship team
(English and Chinese). Studies in other languages were
included only if they could be translated to English using
Google Translate Software.*> Exclusion criteria for study
designs were review or observational studies, studies that
did not report associated outcomes, or studies which did
not undergo peer review (ie, grey literature, conference
papers, abstracts).

Following study deduplication using DeDuplicate,*®
EndNote,*” and Covidence 2019,%® the initial title and
abstracts screening, then full-text screening of articles,
was conducted on Covidence by two investigators inde-
pendently. Disagreements between reviewers were
resolved by consensus or third investigator.

The primary outcome of interest was GIS; and sec-
ondary outcomes were inflammatory markers (e.g.,
C-reactive protein (CRP), calprotectin, interleukin-6 (IL-
6), interleukin-8 (IL-8)), oxidative stress markers, QoL,
and adverse events. Adverse events were considered any
patient-reported side effect related or potentially related
to the intervention or control conditions.

Data were extracted from relevant studies using the
following parameters: author/date, study design, sample
size and attrition, study duration, sample demographics
(eg, age, sex, type of gastrointestinal condition), interven-
tion characteristics (type of biophenol, dosing regimen,
duration), and outcomes as described above. Extracted
continuous outcome data were baseline, follow-up, and
change measure of central tendency (mean or median),
variation or precision (SD, SE, or 95% confidence inter-
vals (CI)) for both groups as well as P-value for change
over time and between groups. If mean change was not
reported, it was calculated and the SD of the change was
estimated using the Review Manager calculator (Versions
5.3 Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2012).*° Extracted categorical
outcome data were number of events. Data were
extracted by a single investigator and checked for accu-
racy by a second investigator, as were calculated data.

Internal study quality was assessed using the
Cochrane Risk of Bias tool, which included assessing ran-
dom sequence generation, allocation sequence conceal-
ment, blinding, and incomplete outcome data.** Risk of
bias was assessed independently by two researchers.

Certainty in the body of evidence informing the esti-
mated effect was assessed via the Grading of Recommen-
dation, Assessment, Development and Evaluation
(GRADE) assessment tool.*' Although GRADE may be
applied to meta-analysed or narratively synthesised data;
due to the large number of potential outcomes included
in this study only meta-analysed outcomes were assessed
via GRADE. Certainty in the body of evidence was
judged by considering risk of bias, inconsistency, indi-
rectness, imprecision, publication bias, effect size, dose-
response, and plausible confounding. Considering these
factors, each pooled outcome was rated as having high,
moderate, low, or very low certainty. The GRADE cer-
tainty in the estimated effect sizes was assessed by two
investigators independently and judgements were con-
firmed by a third investigator. Publication bias was
assessed via funnel plot.

Outcome data were pooled where adequately reported
change data (i.e., difference from baseline to follow-up)
was available or could be calculated for two or more
interventions using Review Manager (Versions 5.3
Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2012).39 Continuous outcomes
were pooled using the inverse variance test and reported
as mean difference or standardised mean difference
(SMD) if different scales/measurement tools were used.
SMD effect sizes of <0.4 were considered small, 0.4 to 0.7
moderate, and >0.7 large.*> Pooled categorical outcomes
were assessed using Mantel-Haenszel test and reported as
odds ratios (OR). Heterogeneity was evaluated with the I*
statistic, where a value >50% was considered to represent
substantial statistical heterogeneity.** P < .05 was consid-
ered as statistically significant. Pre-registered sensitivity
analyses were undertaken in models with substantial sta-
tistical heterogeneity using participant demographics,
study quality, differences in measurement tools, interven-
tion factors, or confounding variables. Type of
inflammatory-related gastrointestinal condition and type
of nutraceutical administered were explored for signifi-
cant subgroup effects.

3 | RESULTS

The systematic search identified 3008 records and a fur-
ther four were identified through the snowball search.
After deduplication and title/abstract screening, the full
text of 93 articles were evaluated for eligibility and
23 were included (Figure S1). Most RCTs had a low to
unclear risk of bias and two studies had a high risk of
bias (Figure 1; justifications Table S2). There were
10 RCTs included where funding was received from a
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FIGURE 1
trials examining the effect of biophenol-rich nutraceuticals on

Risk of bias summary of randomised controlled

gastrointestinal symptoms and related outcomes in adults with
inflammatory related gastrointestinal conditions

source with a potential interest in a positive result
(Tables 1 and 2).

All 23 included RCTs were placebo-controlled; 21 were
parallel and two were cross-over (Tables 1 and 2). Two
parallel RCTs in participants with IBS had two interven-
tion groups; therefore, a total of 25 interventions arms
were included. Most of the studies were from Iran (n = 10
RCTs), followed by the United States (n = 2 RCTs), and
Italy (n = 2 RCTs). All other RCTs were from different
countries across Europe, the Middle East, and Asia.

Total study sample sizes ranged from n = 16> to
n = 189% (N = 1566 total participants; Tables 1 and 2).
Of the 25 interventions, 16 (64%) recruited participants
with active IBS (Table 2), seven (28%) with mild to mod-
erate UC, and two (8%) with inflammatory bowel disease
(IBD; i.e., UC or CD) (Table 1). No included RCT rec-
ruited participants with SUDD.

Peppermint oil was the most studied intervention
(n = 5 RCTs in IBS participants), followed by ginger
(Zingiber officinale) (n = 2 RCTs in IBS participants,
n = 1 RCT in IBD participants), resveratrol (n = 2 RCTs
in IBD participants), and aloe vera (n = 1 RCT in IBS par-
ticipants, n = 1 RCT in IBD participants). Four RCTs, all
in IBS participants, used an intervention product com-
posed of mixed biophenols (a blend of two to four
biophenols in powder or capsule form). Other interven-
tions were reported by a single study (curcumin, wheat
grass, anise oil, soy isoflavones, mastic tree (Pistacia
lentiscus), yarrow (Achillea wilhelmsii C. Koch), pome-
granate peel; Tables 1 and 2). Study durations ranged
from 2 to 12 weeks. The most common mode of nutra-
ceutical delivery was capsule form (n = 17 RCTs, 74%).
Other modes of delivery included tablet (n = 2 studies),
drink (n = 2 studies), syrup (n = 1 study), and gel form
(n = 1 study). Of the four studies that reported compli-
ance, adherence to the prescribed supplements ranged
from 67%°* to 100%°*>"*® with no difference between
intervention and control groups (P > .05).

Gastrointestinal symptom scores were measured
using condition-specific tools including visual analogue
scales (VAS), Irritable Bowel Syndrome Symptom Scoring
Scale, the Simple Clinical Colitis Activity Index, the Dis-
ease Activity Index, Lichtiger Colitis Activity Index, Par-
tial Mayo Score, and Harvey-Bradshaw Index (Table 2).
Twenty-three intervention groups assessing GIS that
were able to be pooled with meta-analysis used yarrow,
aloe vera, curcumin, mastic tree, pomegranate peel, res-
veratrol, ginger, anise oil, peppermint oil, soy isoflavones,
or mixed biophenols.

Meta-analysis found that compared with placebo,
biophenol-rich nutraceuticals significantly improved
GIS with a moderate effect size (SMD: 0.43 [95%CI:
0.22, 0.63], P < .0001, I*: 64%, GRADE: very low; Table
S3, n = 18 studies, n = 21 intervention groups, n = 1187
participants; Figure 2). Sensitivity analysis did not



GIANG ET AL.

Dietetics

itic

& Dietet

hal of Die

.
Jou

ition

8"_|_W1 LLEY_Nutr

TIL =d ‘9L°0 F LT~ 98UBYd ‘8T F 8¢ NA

‘6T F §°G aureseq 10D "TIL =d ‘9L°0 F §'T— a3ueyd
‘T F ¥'€ Nd ‘0°C F TS duI[aseq D] :(;21098) IVA—SID
'SZ/T DD ‘9T/0 DI :SIUSAS 3SISAPY

(S0 >d
‘g°0 F T 23uryd (6'S-8+ *MOI) 8'S uepaw N (T°S-9°€
MO0 9% UBIpaW dul[aseq 10D 'S0° < d V'T + 0
a3ueyd (£°6-8°¢) 8'v UeIpawt N (0°S-C°€ *4OI)
't URIpaW auIaseq 0] :(,91098) OAII—3JI] Jo A1end)
‘sdnoi8
usaMIdq S0° < d 'TT =d ‘L' F T— 38ueyd (6-¢ *4OI)
¥ UBIPSW N (8-F ~JOI) § UBIPIW SUI[3sE] :DD "€€" = d
‘b F 1— dBueyd (6-+ YOI) v uerpaw NA (TT-+ *40I) S
UBIPOW QuI[aseq O] :("T/Sur) JYD—IoIewl A10jeWWeuL
€6 =d T'S F TT— 98ueyd {(S'L-€°¢ YOI) 6'v URIpIW
N4 (9°L-L) 19 duleseq 19D 10" =d ‘TS F S0—
agueyd {(0'6-0' YOI) 0°9 UrIpawW N g “(T'8-T'S
24 OI) §°9 UBIpaW dUI[aseq D] :(49109S) IVIIS—SID
YI/¥ DD DD ‘0L/9 = U D] :S103JJ1 SIAPY

'sdnoig usemieq ¢1' = d '16' =d ‘88'S ¥ ST0

a8UeYd ‘SE°0 F §9°0 N ‘T'0 F §°0 duIESeq 10D

"b0" =d ‘88'S F 8'C— 98UBYD ‘4T F 9T N ‘€0 F +°S
aurpeseq 07 :(7/Swr) JYD—IoNIew AI0jeUWIUe[Ju]

‘T00° > d ‘9¥'0 F SE€'CT—

a3ueyd ‘68'T F $9°C NA ‘v6'T F S dUIESEq :DD 100" > d

‘9F'0 F 6°C— 98UBYD 9I'C F S+’ NA ‘69'T F SES
JurpEseq 91 “Fouoomv 91008 OARIA TenIRd—SID
'97/0 19D '€T7/1 = U :O] :SJUIAS 3SIAPY

LSmodInQ

Kroyewrureryur Yim sjuedronaed Ul s[eonnadsennu youI-[ousydoliq pawmsuod A[[eI0 paururexs Yorym S[er1} Pa[[OIIU0D PASIIOPULI PApNIIUI 6 = U JO SUTPUIJ pue SONSLISIORIRYD

syoom § :uoneIng
‘(sal amsded 1) p/3 +°7 950
‘QUIWE[BSIW pue 0qade[d :2dAT,
‘ndlesc=u

'SYoam § :uoneIng
"SAd TW 0§ 03 ST Ym Suniels :asoq
-gouereadde pue d)se} 10J paydrewt
‘sjua3e AR UMOUY OU ‘SSULIOAR[]
Sururejuod ogaoerd prnbry :odAL
‘ndleyr=1u

‘Jiuow T uonjeind

‘(sag omsded 1) Aep/ssnsdes z :as0q

“19pmod

aso[nyedAylowt [AdoidAxoipAy
3 dnsded 0qadelq 2dAT,
‘ndreoz=1u

J0jereduro)

S39oM g :uoneIN(
“(uruwrnoand Swr oS T o[nsded

yoea ‘sl amsded 1) p/3 ' 950

"QUIUIR[ESAUI PUE UTWNOINY) :2dA7,

‘nNgIe9r=1u

SYoam 4 :uoneIng
‘Sad Tur 0s
0] 67 I Sunels ‘sag TwW 00T :9s0Q
‘(pay1oads
JOU JUSIPAISUI SAT)OB—IUSIPaISUL
JAT)I® JO %G6<) [98 D13/ 0]y :2dAT,
‘NdrOE=1

‘auow T :uoneIn(q
‘(sag omsdeo 1) Aep/sansdes g :as0q
203
') usuijayliM v Jo sired Terise ysoxy
WOIJ J0BIIXd PIOk JI9fJed paropmod
3/8w $21°0 W arnsde) :9dL7,
‘ngleog=u

U0 UIAIIU]

‘paIe[osp
10D ou ‘papuny Appuspuadapuy
‘K1 F e :00 ‘AT F ot
DI ‘d%¥E DN 91eISPOow-03-PIIA
‘uonyIe (%4€) Ic = u
(€€ =u:DD ‘6c =U:DIT9 =N
‘erpu] :[oqrered ‘surre-g ‘1.0YDd9d

oy UINOINY)

‘pa1e[d9p
10D ON "papunj Apjuapuadapuy

‘(K 55-02)

K 9¢ 9D (£ 92-72) £ oyl DT
‘d%0S :D[) dATIIE A[9)ISPOL-0)-PIIA

‘uonIe (%02) 6:U ‘(Y1 =u

0D ‘0€ = U D) vy = N ‘WOpSury
paun :[eqrered ‘surre-g ‘1.0¥YDd9d

o, D420 20Ty

"PaqIIdsap jou JOD pue Surpung
‘(£ 66-6T 98uer) £ gper
‘d %ES :DN QAN AJBISPOUW-03-PIIA
‘uontIe (%81)
6 = U ‘(9 = u:9) ‘€¢ = U :9]) 6¥
N ‘uel :[a[[ered ‘sure-g ‘LOYDdIA

(U203 "D NISW[AY[IA BI[[[YOV) MOLIEX

SONSLIdJORIRYD

9SBASIP [9M0Qq
THTdV.L



tetics_W] ]_EYJ_81

itians Australia

Nutrition & Die

GIANG ET AL.

(senunuo))

‘sdno1d usamiaq §'0' < J €T =d ‘9’ F TOI—
a8ueyd ‘c¢€ F T'SST N4 ‘€'LT F 6'¥p1 dul[aseq
0D "Y000" = d ‘v'9T F £'81— BueYd ‘9'0¢ F +°€9T :Nd
‘€'LT F T'SyT aulfpseq 107 :(,21098) OAII—3JI Jo Afend
'sdnoid ueamiaq
S0 < d'SO" <d ‘9L°TS F ST'0 d3ueYd ‘T6'8¢ F SHSET
:Nd "8€'8F F €'GET duIEseq (DD T€0 =d ‘LTS F £0C—
a3ueyd ‘16°'Ty F CI°0p1 :Nd ‘9TE F TH 091
aurpeseq 07 (/M) TATXO—ISNIBW SSAIIS dAT)BPIXO
'sdnoi3 ueamiaq 6L =4 ‘St =d ‘8 F 1'T— 93ueyd
9L =d ‘8 F €6 :Nd ‘9L F +'9 dulpseq (4D I =d
‘€'8 F T'T— 93URYd ‘b6 =d ‘6'S F L'S :Nd ‘TS F 89
aurpeseq 07 :(T/Swr) JYD—ISNTew AT0JeUWIUIR[JU]
'sdnoid ueam1aq L09' =4 vS¥ =d
‘b€ F 9°0 93UrYD ‘T°0 F §°6 :Nd ‘6'ST F §'8 dUI[dseq
DD IS6'=d ‘9°¢ F 0°098URYd ‘LT F T'€:NILTFTE
aurseq :0J :(Tw/3d) QT I[—IoyIew AI0JeUIUB[JU]
'sdnoid usam1aq 556° = d ‘050 =d ‘9°€E F 6'6
a3ueYd ‘s F €4 :NA ‘89T F +'¥T dUIaseq 9D
‘120" =d ‘L'6 F T 98ueyd ‘€°€T F £'ST :Nd ‘€°TT FS'TT
aurpaseq :0J :(Tur/3d) 9T]—IoxTRW A10jRWIUIRFUT
'sdnoi3 ueamiaq 8€” = 4
620" =d ‘T'909S F 6'LTH1 95UBYD “4"0T9E F $'865€
‘Nd ‘vvvy F 9°0L1T 10D ‘68T =d ‘T'€¥0S F #'SSOT
a3uRYd ‘9°016v F ¥rLT :Nd VTILT F 98891
aurpsseq 07 :(8/3n) unosjoidjedo—Iisyrew A10jeWWEFUL
'sdnoid usamiaq 7€ = 4
'SS0" =d ‘TTF 01— 98Uy ‘9'T F 7 :NA 0T F T€
aurpeseq :0D I8y’ =d ‘0°C F 60— 98UeYD ‘€T F 0'C
‘N ‘§'T F §'C dul[eseq ] ;21005 0KeN [ENIEd—STD
'sdnoid usamieq
G€90° =d 'SSO° =d ‘9T F ¥'1— 98UBYd ‘9T F LY
:Nd ‘8'T F 19 auIEseq (9D ‘100" > d ‘TH+1°¢— a8ueyd
‘§°€ F LY N ‘€T F 'L duIpseq D] :((9109) IFH—SID

LSU0dINQo

'syoam 7T :uoneing
'S0 AN :9s0q
-9[nsdes ogaoelq :odAg,

‘(pesn L1I) NA B 0T = U

Jo0yereduro)

‘SY99M T ‘uonein g

(Sad 1919®1 3w 00L) P/3 §°T 950

'$19[qe) eYNSBW [eInjeN 2dA],
(pesn LII) NA B 9z = U

UOTJUIAIIIU]

‘paIR[ddP 10D Ou
“onpoid 1593 YIm pajeroosse urpun,g
K £9-8T AN d% DN PUE AD
"uontne (%E€e)
YT =U(LZ=DD ‘€€ = DD 09 = N
909019 :[o[Tered ‘swire-z ‘1DYDddd

gy (SNOSTUB] DIODISIT) 9911 JNSEN

SONISLId)ORIRYD

(penupuo)) T HTIV.L



GIANG ET AL.

ICS.

Australia

itic

& Dietet

hal of Die

Jou

ITion

82_|_W1 LLEY_Nutr

0D ‘SS°6T¥C F L9'8STE SUIASEq :DD "SL'6LIT—

a3ueyp ‘08°¢6LT F 0S¥8ST :NA ‘87°09¢C F STHILY
aurpaseq :0J :(Tw/Su) JYD—IoxIew A1ojewurejuy

'sdnoi3 uaamiaq 100" > 4 ‘100" > d

‘€C°C F T T— 98UBYD ‘9T F $€°6 N ‘ST F 9L°0T

aurpeseq DD 100" > d ‘€C°C F £6'¢— d3ueyd ‘T'C F 14’8
‘Nd ‘TIS'T F €T dulaseq 9] :(;21095) IVDDS—SID

10" > d ‘YL'8 F TS 98ueyd

‘65°8 F 80'I¥ :Nd ‘68'6 F L9'SE dUI3sE] :DD 10" > d

‘YL'8 F 6L°CT 93UBYD ‘65°8 F ¥9'Ly :NA ‘LY'L F S8VE
aurfaseq 07 :(,21008) 6-OALI—9F1 J0 LIrend

'sdnoid usamiaq

100" > d 'SSLT =d ‘6'C F 19°0 98UeYdTYT F Tt'6

N4 ‘20°C F 2001 dul[aseq 9D "L000" = d

‘6T F 1'¢— 98ueyd ‘19°'T F L6'IT N ‘IS'T F L8'6
JuIpEseq 91 (‘Tuw/N) DV.I—ISIBW SSAIIS AN BPIXO

'sdnoid ueamiaq 10" = 4 '10° > 4 ‘L' L— d8ueyd

‘S8YIT F LY'€IT N ‘€T'9T F ¥6°0CT dul[aseq :9D

10" > d ‘61°€ 98ueyd ‘L6°0T F LL'STT NA ‘SSTT F 8TTCT
aurEseq (o (TW/N) AOS—ISNIBUI SSA1IS dABPIXO

0£Y0" =d ‘9T F L9 d8ueyd

TUT F €69 :Nd ‘ST'T F 9T°S SUIAsE] :DD +600° = d

‘OT'y F ¢'¢— d8ueyd ‘TOT F ¢'€ :Nd ‘8TT F 29°S
JuIEseq 9 :(Jown) YV IN—ISIBW SSAIIS dANBPIXO

‘T00° > d ‘T8'T F ¥S'1— ‘S9°T F €6 :Nd ‘69°C F 8801

aureseq 0D 100" > d ‘I8'T F £5°¢— 98ueyd T'C F ¥1°8
‘NA ‘TL'T F L9'TT dul[aseq D] (31098) IVDIS—SID
'87/0 = U 19D ‘87/0 = U :O] :SJUIAS 3SISAPY

00" =d

‘T¥'C F 6€ T— 98UeYD 79T F 8T'¥ N ‘SL'T F LS'S

auraseq (0D ‘610" = d ‘S8'€ F 89 T— o3UBYD ‘8F°¢ F 891
‘NA ‘86'T F ¥€'9 AUIseq D] :(421098) [VIT—SID

'sdnoid ueam1aq 50" < 4 €€/ = U 19D ‘62/7 = U O]

:91adde paseaIou] "€¢/T = U 10D 6/ = U :OJ :BasSneN
€€/ = U DD ‘67/T = U :DJ :BIEBINI( SIUAAS 3SIOAPY

LSowI0dINQ

"S3[9aM 9 :uonRIN(
"Arep T “IN :9s0Qq

(opLI20AISIN
ureyo-wnipawr) aynsded ogaoerd :2dAT,
‘ndleyc=1u

‘S)[ooM 9 :uonRINg
"A[rep T ‘(SOpIIRIAISIN

ureyd wnipaur) aynsded 0qade[d :2dAT,

(LIDNAe9z=1u

"SYooM 1 uonRIN(
(sag

T ) dnids ogaderd ay3 jo T § :9s0Qq
‘[[ows pue
souereadde 10§ paydiey (YjUBILWY)
saAnIppe pasoidde + e[nurLio]

dnids ordwts gsn :dnifs ogadelq :odAL

ndiege=u

Jo0jereduro)

"S)9aM 9 :uonRIN(
"Afrep 1 ‘opnsded/p/3ur 0os :9sod
‘9[nsded [oneroasay :9dA7,
‘ndlesc=1u

"S)[ooM 9 :uonRIN
‘A[rep ornsded

1 ‘Jo1BIaASI-SURI} SUI 0OS 950

‘syuowd[ddns [o1ye10ASY 2dAT,

(LD NdeLz=u

‘SYoaM 1 :uoneIng
‘(Sad 1w ¥)
skep/(19ad £L1p 8 9) dniks Tux § :9s0Q
‘199d winpuna3
‘d 93 JO 10e1IXa snoanby :ad£7,
‘ndleer=u

UOTJUIAIIU]

"PaqLIdSIp J0U [ pue Surpung
K 6e1 DD ‘A gerl D1
AN A% DN SATIOR djeIdpout 03 PIIA
uonue (47) T =u
‘(Sg=u:DD ‘6 = u:DI) 05 = N ‘UeI]
‘[erered ‘suire-z ‘10¥0d9d

E~Obﬁ.~m>mwm

‘pa1e[osp

10D ON ‘papunj Apuspuadapuy
"AG9°TT F 8L'8¢n

0D Ay 9T F ¢y Le 101

,MZ % D[] 2A1}d¢€ 31eI3pOouI-03-PIA
uonue (%5) ¢ = U

‘(8¢ =u DD ‘8¢ = U :DI) 9§ = N ‘UeI]

‘[o[rered ‘suire-z {10Y0d9d

omﬁo.ﬁ_dhw\wwwm

‘paIe[oap
10D ON ‘papunj Apuspuadapuy
K gLen 0D ‘K L 191 101 ‘A%SY 20N

‘uonune (%17) 9T =u

(b€ =u:DD ‘6 =U:DI) 8L =N
‘ue1] :[o[rered ‘suire-z ‘1DYDd9d

o199 SreURISoWO

SonSLIdORIRYD

(penupuo)) T HTIV.L



tetics_W] ]_EYJ_83

Journal of Dietitians Australia

Nutrition & Die

GIANG ET AL.

‘swo)duIAs 19)19q Sa)eIIPUI 9109S 1YSIH,

*K1a1308/SW0)dWAS 9SI0M SI)BITPUT 9100 BswEa

"payIoads asImIaYI0 ssafun ‘syuedronted Jo IoquUINU/S)ULAS JO IOqUINU St pajiodal Blep awodNo [edr103a)ed pue (S F (1) uesw se pajiodar ejep au100no snonunuo),
's1e94 ‘A ‘STITT00 9ANRIAD[N ‘D ‘eydle 1030.J SISOIOAU Inown) “0-INL ‘A[Tep 90y} ‘S.L ‘Aioeded jueprxonue
€103 DV ‘esejnusip aprxoradns ‘qOS Xpul AIAROY SHI[o redrur) duwis ‘TvOIS A[rep sawn Inoj ‘sgo poriodar jou YN ‘opAysprerpuorewt ‘YA Xopul AJIANOR SIII[00 19810YdIT ‘TVT 1821} 0} UOTIUSIUL

‘LI ‘o8uer a[nrenbiayur YOI ‘dnoid uonusAIdiul ‘O ‘aIreuuonsanb asessIp [omoq Alojewrweul ‘O] xopu] meysperg-£aateH ‘TgH ‘swoydwAs reunsajutonses ‘Sro (dn-mofjoy ‘N o[ews] ‘f el p[jonuod
pastwopuel pa[jonuod ogadeld purq [qnop ‘LOYDJIId ‘Aep ‘p xopurl KA1 3SeISIP TV ‘UrjoId 2A1)9BI-O ‘YD ISAIAUL JO JIFu0d ‘JOD ‘dnoid jonuod ‘O (9seasIp s,uyo1) ‘@ ‘AJrep 901m) ‘S SUONRIAIQQY

'sdnoid ueamiaq OvT =4 '9€9° = d
‘9'6 F STT— 98ueyd ‘L8 T N ‘9 F ZI'SH duIfeseq
0D 60" =d ‘96 F 10°¢ 98URYD ‘bT'6 F €T LY N
‘6L'6 F TT'¥y aul[aseq D] (,91008) OAMI 9§11 Jo A1end
'sdnoid usamiaq +9'0 =d Y1 =d ‘850 F 8T'0—
o8ueyd ‘LT'T F LT'T N ‘€€'T F 66'T sul[eseq
DD V0 =d ‘850 F 90— 9T T F9IC: NI TTF6'T
aurpseq 9 (Tw/N) DV.L- I9)IeW SSaIIS dAIIBPIXO
'sdnoid uaamiaq 100" > 4 '000° = d $8°C F S’ T— 28ueyd
‘TH'CF 8€°9 NA ‘YC'T + 88°L dUI[eseq :0D 910" = d
$8°C F 9p'p— 98UBYd ‘S6'T F £8°¢ N ‘TST F €£°8
aurEseq :0J (jowr) YN—INIeUW SSa1IS dABPIXO
'sdnoid ueamiaq L10° =d ¥61° =d
‘95°€ F 59°0— 93URYd ‘6£°C F SS°S NA ‘TTE F T9
aul[eseq (DD "§€¥ = d ‘95°€ F SG€— d8URYD ‘€T T F SOY
N4 “€0'FF 9°L duT[aseq D] :(91095) TVOIS—SID

“IT/0 = U 19D ‘0T/L = U O] :SJUIAS 3SISAPY

'sdnoid ueamiaq 100" > 4 ‘10" > d ‘16°0T F $S°S a8ueyd
‘658 F 80'TH N ‘0S°6 F #S°S¢E aurEseq :H) ‘10" > d
‘6'0T F 26+ 9BuBYD ‘65°8 F $9°LY :NA TS'L F TLTE

auraseq 0] :(,91008) 6-OAII—3 Jo L1end
'sdnoid ueamiaq 100" >4 ‘10" > d
‘90°¢ 93URYD ‘T8 HT F 65°€T N YE'ET F €50 ‘0D
10" > d ‘S'7— 98ueyod ‘60°0T F 0Z'LT :NA ‘08°CT F 0L°61
aurpeseq 07 :(Tu/3d) 0-INI—I9NTeW AI0JeWWEUL
‘sdnoi3
usam19q T00" > d "SL'68€ SUBYD ‘€6'8YET F TH'SESE

LSoW0dINQ

‘SY99M 7T ‘uoneinqg

(ar0 smsdes/3w 0os) p/Sw 00T :9s0d

-9nsded
(1opmod urnxapojrewr) 0qade[d :dAT,
‘ndreyc=1u

‘SY9oM  ‘uoneIn
'S p £q p/Tw QOT 3s0p
rewndo ‘p/TW 0z WOIJ pasearou] :9sod
-2omf 0gqaoeld :2dAL
‘ndleIir=u

JIojereduwio)

'SYeaM 7T uonein

(@10 srnsded/3w 0os) p/Sw 000T 950

-9[nsded 1opmod 193u13 parig :odAg,
‘ndleyc=1u

‘S3[99M § ‘UonRIN(
'S p Aq p/Tw 00T SsOp
rewmndo ‘p/TUI 07 WOI PaseaIdu] :3s0q
-oom( sse1d yeaym
ysoIj pasipiepueisun Tui 00T :9dAL
‘ndeOI=Uu

UONUAIIUL

"pariodar
10D ON "papunj Apuspuadapuy
‘Keen
DD ‘A TH 1D ‘A%SE :DN PUB AD
‘uontIe (%1°87) 8T = U
g€ =u:HD ‘e = U D) ¥9 = N ‘UeI[
‘[orrered ‘suire-z ‘10YD0d9d
@uyffo 1aqi3urz) 13urn
"PaqrIdsap 10U [OD pue Surpung
K gerl
‘A%EE :U0T0d 3] SUIAJOAUL ‘D) SANIY
uonune (%) ¢ =u W(ZI =u
DD ‘TT = U :DI) ¥Z = N ‘ToRIs]
‘[errered ‘suire-z ‘1D¥0ddd
Nmmmﬁw JeUM

SONSLIdIORIRYD

(penunuo)) T HTIV.L



84_|_W1 LEY-_Nutrition & Dietetics

TABLE 2

GIANG ET AL.

nutraceuticals in participants with irritable bowel syndrome

Characteristics
Aloe vera>*

DBPCRCT, 2-arms, parallel:
Sweden, N = 68 (IG = 33,
CG = 35), 7.4% attrition.

IBS: 75%F, IG: p43.9 y, pd4.2 y.

No funding or COI reported.

Anise o0il*®

DBPCRCT, 3-arms |2 eligible],
parallel: Iran, N = 80
(IG = 40, CG = 40), 6.25%
attrition.

IBS: 48.8%, IG p34.15y, CG
p32.35y.

No funding or COI declared.

Mixed biophenols®

DBPCRCT, 2-arms, cross-over,
no washout: Romania,
N = 60 (IG: n = 30, CG:
n = 30), 0% attrition.

IBS-D: 73%F, 35 y.

No funding or COI declared.

Mixed biophenols®’

DBPCRCT, 2-arms, cross-over,
1-week washout: Germany,
N =30 (IG: n = 15, CG:

n =15),n = 11 (34%)
attrition.

IBS-D: 59%F, j150.3 + 11.9 y.

No funding or COI declared.

Intervention

n = 32 at FU.

Type: 250 mg Aloe barbadensis
Mill. Extract (AVH200), 60 mg
ascorbic acid dissolvable tablet.

Dose: 500 mg/d (250 mg BD).

Duration: 4-weeks.

n = 38 at FU.

Type: Enteric coated anise oil
capsule.

Dose: 600 mg/d (200 mg TDS).

Duration: 4 weeks.

n = 30 at FU.
Type: Gelsectan capsule
(containing xyloglucan, pea

Comparator

n = 31 at FU.

Type: 60 mg ascorbic acid and
excipients dissolvable table.

Dose: 120 mg/d (60 mg BD).

Duration: 4-weeks.

n = 37 at FU.

Type: Enteric coated placebo
capsule.

Dose: NR.

Duration: 4 weeks.

n =30 at FU.
Type: Placebo capsule (not clear).
Dose: not clear, 1 capsule BD.

protein and tannins from grape Duration: 28 days.

seed extract, and xylo-
oligosaccharides)
Dose: not clear, 1 capsule BD.
Duration: 28 days.

n = 20 in the second phase; n = 5 n = 6 in the second phase.

in the third phase.

Type: Ayurvedic herbal
compound preparation made
from curry (Murraya Koenigii),
pomegranate (Punica
granatum) and turmeric

n = 17 in the third phase.

Type: Placebo (hay Graminis
flores dep. and Maidis
stigmata).

Dose: 140 g.

Duration: 4 weeks.

Characteristics and findings of n = 14 included randomised controlled trials which examined orally consumed biophenol-rich

Outcomes®

GIS—IBS-SSS (score): IG:
baseline 315 + 83, FU: 257 +
107, change —58 + 1.1.9, P =
.003. CG: baseline 276 + 88,
FU: 253 + 100, change —23 +
69.0, P > .05. P = .03 between
groups.

Adverse event: IG: n = 0/38. CG
n = 0/37.

GIS—Abdominal discomfort VAS
(score®) IG: baseline
5.97 + 2.35, FU 1.82 + 1.43,
change —4.15 + 4.8. CG:
baseline 5.27 + 2.12, FU
3.334+1.74, change —1.94 + 2.7.
P < .0001 between groups.

Quality of life—IBS-QOL
(score®): IG: baseline
86.20 + 27.13, FU 64.38+23.10,
change —21.8. CG baseline
83.30 + 21.64, FU 72.82+18.20,
change —10.5. P < .0001
between groups.

Adverse events: IG: n = 0/30,
CG: n = 0/30.

GIS—incidence normal stools: IG
baseline 1/60, FU 54/60,
P = .0019. CG baseline 26/60,
FU 7/60, P = .0001.
On day 28, the proportion of
patients with normal stools,

GIS—IBS-D incidence abdominal
pain: IG baseline 38/60, FU: 0/
60, P = .002. CG 25/60, FU 27/
60, P = .027.

GIS—IBS incidence bloating: IG
baseline 38/60, FU 1/60,
P =.028. CG baseline 25/60,
FU 27/60, P = .041.

Quality of life—IBS-QOL and
EQ-5D-3L: data represented
graphically only.

Adverse events: IG: n = 9/15. CG:
n = 4/15.

GIS—IBS-SSS (score?): IG:
baseline 217.4 + 91.4, FU:
220.3 + 90.0, change
2.9 + 33.64, P = .74. CG:
baseline
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TABLE 2 (Continued)

Characteristics

Mixed biophenols®®

DBPCRCT, 2-arms, parallel:
United States, N: 16 (IG:
n=8,CG:n=8),n=3
(19%) attrition.

IBS-C: 81%F, p38 y (23-57 y).

Funding and authors affiliated
with test product.

Mixed biophenols®®

DBPCRCT, 2-arms, parallel:
Italy, N = 21 (IG n = 60, CG
n = 61), 4.1% attrition.

IBS: 63.6%F, 1G p41.4y, CG
pn39.4y.

Funding associated with test
product. No COI declared.

Peppermint 0il®

DBPCRCT, 2-arms, parallel:

Italy, N = 57 (IG: n = 28, CG:
n = 29), n = 7 (12%) attrition.

IBS: 76%F, p41 y (20-60).
No funding or COI declared.

Peppermint 0il®!

DBPCRCT, 2-arms, parallel:
United States, N = 72 (IG:

Intervention Comparator

(Curcuma longa) in a 6:3:1
ratio.

Dose: 10 g (5 g of powder
dissolved in 100 mL of warm
water BD).

Duration: 4 weeks.

n =7 at FU. n =6 at FU.
Type: blended extracts in capsule Type: Placebo capsule.
(Quebracho, Conker tree, M. Dose: NR.
balsamea Willd, peppermint Duration: 2 weeks.
oil).
Dose: Quebracho 150 mg (80-82%
polyphenol content), Conker
tree—470 mg (20% saponin
content), M. balsamea Willd
0il—0.2 mL; pure peppermint
oil (content quantity not
specified).
Duration: 2 weeks.

n = 58 at FU. n = 58 at FU.
Type: blended essential oils Type: Placebo capsule.
(curcumin and fennel) capsule. Dose: not clear BD.
Dose: 84 mg/d curcumin and Duration: 4 weeks.
50 mg fennel essential oil
(42 mg curcumin and 25 mg
fennel essential oil/capsule
BD).
Duration: 4 weeks.

n = 24 at FU.

Type: Enteric-coated, gastro-
protected peppermint oil
capsules.

Dose: 550 mg (225 mg
peppermint oil +45 mg of
Natrasorb BD).

Duration: 4 weeks.

n = 26 at FU.
Type: Placebo capsules.

mint flavour BD).
Duration: 4 weeks.

n = 34 at FU. n = 36 at FU.
Type: Peppermint oil capsules. Type: Placebo capsules.
Dose: 540 mg (180 mg TDS). Dose: NR TDS.

Dose: 55 mg maltodextrin
(225 mg of maltodextrin with

Nutrition & Dietetics_\W] ]_EYJ_85

Outcomes®

226.0 + 81.8, FU 215.0 + 89.9,
change —11 + 33.64, P = .23.
No significant differences
between the IG and CG phases.

Quality of life—IBS-QOL
(score®): IG: baseline
69.9 + 21.6, FU: 72.1 + 19.0,
2.2+ 65.83, P = .89. CG:
baseline 68.2 + 19.1

CG: FU 67.4 + 22.3, change
—0.8 + 65.83, P = .96. P > .05
between groups.

Adverse events: IG: n = 0/8, CG:
n=0/8.

GIS—Constipation and bloating
(score®): IG: change
2.62+0.886, P < .001. CG:
change 0.28 + 0.39, P = .141.

Adverse events: I1G: 1.7%. CG
3.4%.

GIS—IBS-SSS (score®): IG:
baseline 255.7 + 39.9, FU:
127.8 + 77.4, change
—127.9 + 119.89. CG: baseline
263.2 + 34.3, FU: 195.5 + 88.0,
change —67.7 + 119.89.

P < .001. P < .05 between
groups.

Quality of life—IBS-QOL
(score®): IG: change 17.4 +
19.2. CG: change 7.7 + 18.0, P
=.003.

Adverse events: IG: n = 1/24. CG:
n = 0/26.

GIS—incidence >50% reduction
of total IBS symptoms score:

IG: n = 18/24, P < .01. CG:
n =10/26, P < .05. P < .05
between groups.

Adverse events: IG: n = 2/34,
CG: n = 4/36.

(Continues)
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TABLE 2 (Continued)

Characteristics

n=35CGn=37),n=2
(2.7%) attrition.
IBS-M and IBS-D: 75%F, 1G
p40.2 'y, CG p41 y.
Independently funded. COI
declared.

Peppermint 0il®>

DBPCRCT, 2-arms, parallel:
China, N = 110 (IG: n = 55,
CG:n =55),n=9(8.1%)
attrition.

IBS: 40%F, 18-70 y.

Funding and COI were not
described.

Peppermint 0il®*

DBPCRCT, 3-arms, parallel:
Netherlands, N = 189
(unclear number of patients
in each group), 5.8% attrition.

IBS: 78%F, p34.4y.

No funding or COI declared.

Peppermint 0il**

DBPCRCT, 2-arms, parallel:

Iran, N = 0 (IG = 45,

CG = 45), 33.3% attrition.
IBS: 75%F, p36'y.
Independently funded. COI not

described.

Soy isoflavones®

DBPCRCT, 2-arms, parallel:
Iran,

GIANG ET AL.

Intervention

Duration: 4 weeks.

n = 52 at FU.

Type: Enteric coated peppermint
oil capsule

Dose: 561-748 mg/d (187 mg/
capsule x 3-4/d)

Duration: 4-weeks.

IG 1: n = 62 at FU.

Type: Peppermint oil capsule.
Dose:182 mg/d (60.3 mg TDS).
Duration: 8-weeks.

IG 2: n = 62 at FU.

Type: Peppermint oil capsule.
Dose:182 mg/d (60.3 mg TDS).
Duration: 8 weeks.

n =33 at FU.

Type: Peppermint oil capsule
Dose: 546 mg/d (182 mg TDS).
Duration: 8 weeks.

n =22 at FU.
Type: Soy isoflavones capsule

Comparator

Duration: 4 weeks.

n =49 at FU.
Type: Placebo capsule

Dose: 3-4/d, dose not reported.

Duration: 4-weeks.

n = 64 at FU.

Type: Placebo capsule.
Dose: Not reported.
Duration: 8 weeks.

n = 27 at FU.

Type: Placebo capsule.
Dose: NR TDS.
Duration: 8 weeks.

n =23 at FU.

Outcomes®

GIS—TISS (score®): IG: change
—1.16 + 0.897, P = .0246. CG:
change —0.70 + 0.737.

GIS—incidence of severe
symptoms: IG change —66.8%.
CG: change —24.9%. P = .0282
between groups.

GIS—Incidence abdominal pain:
IG: n = 41/51(79%) participants
improved. CG: n = 21/49(43%)
participants improved.
Significant difference between
groups (P < .05).

Adverse events incidence: IG1
4.26 +£0.37. IG2 4.54+ 0.45. CG
2.78 +£0.34.

GIS—IBS-SSS (score®): IG1:
baseline 284.52+95.28, FU
192.99+121.65, change
—91.53+66.28, P = .00. IG2
baseline 285.42+92.47, FU
201.05+120.17, change
—84.37+63.34 P = .00. CG
baseline 276.53+93.44, FU
226.80+119.76, change
—49.73 + 66.28, P = .00.

P = .020 between IG1 and CG.
P = .22 between IG2 and CG.

Quality of life—IBS QOL (score®):
IG1: baseline 68.8 + 2.6, FU:
75.9 + 2.6, change 7.1,

P = .066. IG2: baseline
69.8 + 2.5, FU 75.5 + 2.5,
change 5.7, P = .374. CG
baseline 70.5 + 2.5, FU
75.0 + 2.5.

Adverse events: IG: n = 19/33.
CGn = 14/27.

GIS—incidence abdominal pain
free: IG: baseline n = 0/33, FU
n = 14/33. CG: baseline n = 0/
27, FUn = 6/2. P < .001
between groups.

Quality of life—SF-36 (score®): IG
baseline 57.8 + 29.3, FU:

63.0 & 28.2. CG baseline
48.9 + 29.8, FU: 53.7 + 26.4.
P = .194 between groups.

Adverse events: IG: n = 0/22. CG:
n = 0/23.
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TABLE 2 (Continued)
Characteristics Intervention Comparator

N =67 (IG: n = 35, CG:
n = 32),n =22 (33%)

Dose: 40 mg of isoflavones
(10 mg of diadzein, 8.5 mg

attrition. genistein, 1.5 mg glycetin BD).
IBS: 72%F, 1G: p45.5y, CG: Duration: 6 weeks.

40.0y.
Independently funded. No COI

declared.

Ginger (Zingiber officinale)®®

DBPCRCT, 3-arms, parallel:
Iran, N = 50 (IG = 25,
CG = 25), 2% attrition.

IBS: age and sex NR.

Funding and COI NR.

IG1: n =15 at FU.
Type: Ginger capsule.
Dose: 1 g/day.
Duration: 28 days.

IG 2: n =15 at FU.
Type: Ginger capsule.
Dose: 2 g/day.
Duration: 28 days.

Ginger (Zingiber officinale)®’

DBPCRCT, 3-arms (2 eligible), IG2:n =15 FU.
parallel: Iran, N = 45 (IG1 Type: Ginger root powder
n =15, CGn = 15), 0% capsule.

attrition.
IBS: age and sex NR.
No funding or COI declared.

Dose: 1 g/day.
Duration: 20 days.

Type: Placebo capsule (corn
starch).

Dose: 1 capsule BD.

Duration: 6 weeks.

n =14 at FU.

Type: Placebo capsule.
Dose: NR.

Duration: 28 days.

n =15 at FU.

Type: Placebo (brown sugar)
capsule.

Dose: NR.

Duration: 20 days.

Nutrition & Dietetics_\W] ]_EYJ_87

Outcomes®

GIS—IBS-SSS (score”): IG: baseline
23.64 + 8.17, FU: 12.77 + 8.16,
change —10.87 + 7.85, P = .00.
CG: baseline 24.78 + 11.82, FU:
19.74 + 12.08, change
—5.04 + 7.85, P = .00. No
difference between groups
P = .068.

Quality of life—IBS-QOL
(score®): IG: baseline
64.41 + 27.78, FU
41.68 + 28.47, change
—22.73 + 228.31, P = .65. CG:
baseline 46.70 + 31.37, FU:
44.17 + 33.47, change
—2.53 + 228.31, P = .96.

P = .009 between groups.

Adverse events: I1G: 16.7%. CG:
35.7%.

GIS—IBS-SSS (score): IG1:
baseline 260.0 + 65.5, FU:
191.3 + 95.8, change
—68.7 + 84.3, P = .007. 1G2:
baseline 222.7+53.3, FU:
198.9 + 88.9, change
—23.8 + 73.9, P = .233. CG:
baseline 253.2 + 65.9, FU:
165.0+49.3, change—

88.2 + 78.2, P = .001. P > .05
between groups.

GIS—Abdominal pain severity
(score®): IG: baseline
39.6 + 3.29, FU: 31.73 + 3.21,
change —7.9 + 13.5, P < .05.
CG: baseline 42.46 + 2.94,
change —4.8 + 8.7, FU:
37.66 + 2.89, P > .05.
GIS—Abdominal distention
severity (score®): IG: baseline
68.73 + 3.68, FU: 50.00 + 2.88.
CG: baseline 66.33 + 2.72, FU:
59.33 + 2.43.
GIS—Constipation severity
(score®): IG: baseline
70.66 + 3.09, FU: 49.13 + 2.7.

Abbreviations: BDS, twice daily; CG, control group; COI, conflict of interest; CRP, c-reactive protein; d, day; DBPCRCT, double blind placebo controlled
randomied controlled trial; F, female; FU, follow-up; GIS, gastrointestinal symptoms; IBS, irritable bowel syndrome; IBS-c, irritable bowel syndrome

constipation dominant; IBS-d, irritable bowel syndrome diarrhoea dominant; IBS-m, irritable bowel syndrome mixed constipation and diarrhoea; IBS-SSS,
irritable bowel syndrome symptom scoring scale; IG, intervention group; IQR, interquartile range; 4ITT, intention to treat; NR, not reported; QDS, four times
daily; QOL, quality of life; SF-36, short form 36; TDS, thrice daily; TISS, total IBS symptom score; VAS, visual analogue scale; y, years.

#Continuous outcome data reported as mean (p) + standard deviation and categorical outcome data reported as number of events/number of participants,

unless otherwise specified.
Higher scores indicate worse symptoms.
“Higher scores indicate better symptoms.
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FIGURE 2
biophenol-rich nutraceuticals or placebo per nutraceutical type

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI 1V, Random, 95% CI
1.4.1 Yarrow
Amiri 2019 -2.35 0.46 20 -2.9 0.46 20 4.2% 1.17 [0.50, 1.85]
Subtotal (95% CI) 20 20 4.2% 1.17 [0.50, 1.85] <
Heterogeneity. Not applicable
Test for overall effect: Z = 3.40 (P = 0.0007)
1.4.2 Aloe vera
Langmead 2004 -1.2 2.1 14 -0.5 5.2 30 4.5% -0.15 [-0.78, 0.49] e
Storsrud 2015 -23 68.9828 37 -58 101.876 32 5.5% 0.40 [-0.07, 0.88) S
Subtotal (95% CI) S1 62 10.0% 0.17 [-0.36, 0.70] <
Heterogeneity: Tau? = 0.07; Chi? = 1.85, df = 1 (P = 0.17); I = 46%
Test for overall effect: 2 = 0.62 (P = 0.53)
1.4.3 Circumin
Kedia 2017 -1.7 0.76 25 -1.8 0.76 16 4.5% 0.13 [-0.50, 0.76) e
Subtotal (95% CI) 25 16 4.5% 0.13 [-0.50, 0.76] <
Heterogeneity. Not applicable
Test for overall effect: Z = 0.40 (P = 0.69)
1.4.4 Mastic tree
Papada 2018 -1.4 2.6 20 -3.1 4.1 26 4.8% 0.47 [-0.12, 1.06] h
Papada 2018b -1 2.1 20 -0.9 2 26 4.8% -0.05 [-0.63, 0.53] = T
Subtotal (95% CI) 40 52 9.6% 0.21 [-0.30, 0.72] <>
Heterogeneity: Tau? = 0.05; ChiZ = 1.51, df = 1 (P = 0.22); I? = 34%
Test for overall effect: Z = 0.81 (P = 0.42)
1.4.5 Pomegranate peels
Kamali 2015 -1.3% 2.41 33 -1.68 3.85 29 5.4% 0.09[-0.41, 0.59] i
Subtotal (95% CI) 33 29 5.4% 0.09 [-0.41, 0.59] <>
Heterogeneity. Not applicable
Test for overall effect: Z = 0.36 (P = 0.72)
1.4.6 Resveratrol
Samsami-Kor 2015 -1.41 2.23 24 -3.93 2.23 25 4.7% 1.11[0.51, 1.72) —
Samsami-Kor 2016 -1.54 1.81 28 -3.53 1.81 28 4.9% 1.08 [0.52, 1.65] =~
Subtotal (95% CI) 52 53 9.6% 1.10 [0.68, 1.51] -
Heterogeneity. Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.95); I* = 0%
Test for overall effect: Z = 5.21 (P < 0.00001)
1.4.7 Ginger
Nikkhah-Bodaghi 2019 -0.65 2.56 24 -3.55 3.56 24 4.8% 0.80[0.21, 1.39] =
van Tilburg 2014 -88.2 78.187 14 -68.7 84.2928 15 3.9% -0.23 [-0.96, 0.50] ==
van Tilburg 2014b -88.2 78.187 14 -23.8 73.9429 15 3.8% -0.82 [-1.59, -0.06] —
Zainab 2019 -4.8 8.6677 15 -7.9 13.5157 15 4.0% 0.27 [-0.45, 0.98]) ol
Subtotal (95% CI) 67 69 16.5% 0.03 [-0.67, 0.73] i
Heterogeneity. Tau? = 0.38; Chi® = 12.04, df = 3 (P = 0.007); I> = 75%
Test for overall effect: Z = 0.08 (P = 0.94)
1.4.8 Anise oil
Mosaffa-Jahromi 2016 -1.94 2.6982 37 -4.15 4.8183 28 5.4% 0.58 [0.08, 1.08) =
Subtotal (95% CI) 37 28 5.4% 0.58 [0.08, 1.08] -«
Heterogeneity. Not applicable
Test for overall effect: Z = 2.27 (P = 0.02)
1.4.9 Mixed biophenols
Brown 2015 -0.28 0.29 6 -2.62 0.886 7 1.1% 3.09[1.30, 4.88)
Lauche 2016 -11 33.6 17 2.9 33.6 20 4.4%  -0.40 [-1.06, 0.25] =T
Portincasa 2016 -67.7 119.9 58 -127.9 119.9 58 6.3% 0.50 [0.13, 0.87) ———
Subtotal (95% CI) 81 85 11.8% 0.71 [-0.45, 1.87] T
Heterogeneity: Tau? = 0.82; ChiZ = 14.69, df = 2 (P = 0.0006); I? = 86%
Test for overall effect: Z = 1.19 (P = 0.23)
1.4.10 Peppermint oil
Cash 2015 -0.7 0.737 36 -1.16 0.897 34 5.5% 0.56 [0.08, 1.03] e
Weerts 2020 -49.73 66.28 64 -91.53 66.28 62 6.4% 0.63 [0.27, 0.98] —
Weerts 2020b -49.73 66.28 64 -84.37 63.34 62 6.4% 0.53[0.18, 0.89] ==
Subtotal (95% CI) 164 158 18.3% 0.57 [0.35, 0.80] ¢
Heterogeneity. Tau? = 0.00; Chi? = 0.15, df = 2 (P = 0.93); I = 0%
Test for overall effect: Z = S.04 (P < 0.00001)
1.4.11 Soy isoflavones
Jalili 2015 -5.04 7.85 23 -10.87 7.85 22 4.7% 0.73 [0.12, 1.34] T
Subtotal (95% CI) 23 22 47% 0.73 [0.12, 1.34] <>
Heterogeneity. Not applicable
Test for overall effect: Z = 2.36 (P = 0.02)
Total (95% CI) 593 594 100.0% 0.43 [0.22, 0.63] ¢
Heterogeneity: Tau? = 0.14; Chi? = 56.09, df = 20 (P < 0.0001); > = 64% p ) 3 3 3

Test for overall effect: Z = 4.10 (P < 0.0001)

Test for subgroup differences: Chi? = 21.20, df = 10 (P = 0.02), I* = 52.8%

2%

Favours placebo Favours biophenol

Gastrointestinal symptoms of adults with inflammatory bowel disease or irritable bowel syndrome after treatment with
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substantially improve statistical heterogeneity. GIS
were not different according to subgroup by type of con-
dition (IBD vs IBS; P = .52). Four studies that recruited
participants with IBS measured GIS incidence; all of
which reported significant improvements in the inter-
vention (n = 3 studies used peppermint oil, n = 1 study
used a mixed biophenol formulation (gelsectan)
(Table 2). There were sufficient studies pooled for GIS
to generate a funnel plot, which suggests some positive
effects of the intervention have not been published
(Figure S2).

Subgroup analysis of nutraceutical type found signifi-
cant differences in GIS between groups (P = .02, I*: 53%).
Compared with placebo, peppermint oil significantly
improved GIS in participants with IBS with a moderate
effect size (SMD: 0.57 [95%CI: 0.35, 0.80], P < .0001, I*:
0%, n = 2 studies, n = 3 intervention groups, n = 322 par-
ticipants, GRADE: moderate, Figure 2) and resveratrol
improved GIS in participants with IBD with a large effect
size (SMD: 1.10 [95%CI: 0.68, 1.51], P < .00001, I*: 0%,
n = 1 study, n = 2 intervention groups, n = 105 partici-
pants, GRADE: moderate, Figure 2). Other nutraceutical
types with two or more interventions which showed no
significant effect on GIS were aloe vera (SMD: 0.17 [95%
CL: —0.36, 0.70], P = .53, I 46%, n = 2 studies, n = 2
intervention groups, n = 113 participants, GRADE: very
low, Figure 2), mastic tree (SMD: 0.21 [95%CI: —0.30,
0.72], P = .42, I 34%, n=1 study, n = 2 intervention
groups, n = 92 participants, GRADE: very low, Figure 2),
ginger (SMD: 0.03 [95%CI: —0.67, 0.73], P = .94, 2 75%,
n = 3 studies, n = 4 intervention groups, n = 136 partici-
pants, GRADE: very low, Figure 2), and mixed
biophenols (SMD: 0.71 [95%CI: —0.45, 1.87], P = .23, I*:
86%, n = 3 studies, n = 3 intervention groups, n = 166
participants, GRADE: very low, Figure 2).

Quality of life was mostly measured with condition
specific tools such as the Inflammatory Bowel Disease
Questionnaire and the Irritable Bowel Syndrome Quality
of Life (Table 2). Pooling 12 intervention groups which
measured and reported QoL (Tables 1 and 2) found that
biophenol-rich nutraceuticals did not improve QoL com-
pared with placebo (SMD: —0.18 [95%CIL: —0.41, 0.06],
P = .14, I: 62%; GRADE: very low; Table S3). Condition
subgroups were not significantly different (IBD vs IBS;
P = 0.32); however, a significant subgroup difference was
found with nutraceutical type (P = .002, Figure S3). Com-
pared with placebo, resveratrol significantly improved
QoL in participants with IBD (SMD: -0.84 [95%CI:
—1.24, —0.44], P < .0001, IR 0%, n = 2 studies, n = 2
intervention groups, n = 105 participants, GRADE: high,
Figure S3). Other nutraceutical types with two or more
interventions, which showed no significant effect on QoL
were peppermint oil and mixed biophenols.
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No studies which recruited participants with IBS
measured inflammatory or oxidative stress markers. The
pro-inflammatory marker CRP was reported by four stud-
ies (participants with UC: n = 3 studies, UC and CD:
n = 1 study). Interventions assessing CRP used yarrow,
mastic tree, resveratrol, or aloe vera. Compared with pla-
cebo, biophenol-rich nutraceuticals significantly
improved CRP by 1.6 mg/L (95%CI: 0.08, 3.11; P = .04; I*:
18%, GRADE: low;Table S3, n = 4 studies, n = 4 inter-
ventions, n = 193 participants). Compared with placebo,
biophenol-rich nutraceuticals (resveratrol (n = 1 study)
and ginger (n = 1 study)) significantly improved oxidative
stress marker malondialdehyde by 1 mmol/L ([95%CI:
0.55, 1.38]; P < .00001; I*: 0%, n = 2 studies, n = 2 inter-
ventions, n = 102 participants; GRADE: low) but had no
effect on total antioxidant capacity (SMD: 1.36 [95%CI:
-0.24, 1.30], P = .17 1% 73%, 2 studies, 2 interventions,
102 participants; GRADE: very low). Too few studies
were included in these models to conduct a sensitivity
analysis. One study reported significant positive effects of
resveratrol on inflammatory marker, tumour necrosis
factor alpha,51 and oxidative stress marker, superoxide
dismutase.® Other oxidative stress markers measured
were oxidised LDL, which was significantly improved
with mastic tree. Other inflammatory markers measured
were IL-6, IL-10, and calprotectin, which showed no sig-
nificant effect (Table 1).*”*%

Adverse events were reported in 19 studies. A total of
46 and 80 adverse events were reported in control and
intervention groups, respectively; however, when pooled,
there was no significant difference between groups (OR:
0.68 [95%CI: 0.40, 1.15], P = .15, I*: 21%; GRADE: low;
Table S3). Adverse events were not different according to
subgroup by type of condition (IBD vs IBS; P = .27) or
nutraceutical type (P = .16). Adverse events were mild
and mostly included gastrointestinal distress. No serious
adverse events were reported.

4 | DISCUSSION

This review found that adjuvant biophenol-rich nutraceu-
tical supplementation may improve GIS, inflammation,
oxidative stress, and QoL in adults diagnosed with IBD,
and GIS in participants diagnosed with IBS. Using the
GRADE framework, there was low certainty that the
pooled effect sizes represent the true effect due to statisti-
cal heterogeneity, publication bias, and/or imprecision.
Factors leading to the substantial clinical heterogeneity
included varying medical status, pathophysiology of the
gastrointestinal condition, and lifestyle of participants as
well as the use of different outcome measurement tools
and biophenol sources. Subgroup analyses resolved some
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sources of heterogeneity, and found high certainty that
resveratrol improved QoL in IBD with a large effect size,
and moderate certainty that peppermint oil and resvera-
trol improved GIS with moderate and large effect sizes
for IBS and IBD, respectively.

The pooled effect size of all biophenols on GIS was
moderate (SMD 0.43), suggesting substantial clinical ben-
efit of intervention, particularly peppermint oil and res-
veratrol. Despite the use of validated tools in measuring
GIS, it is important to recognise that there is no univer-
sally accepted endpoint to assess GIS severity. This is due
to several factors including the subjectivity of GIS experi-
enced by patients, variations in the types of rating scales
such as VAS vs Likert scales, the treatment of scales as
continuous or ordinal, and the ceiling and floor effects of
different tools.”® Although the inconsistency found in the
pooling of GIS scores across the 21 intervention groups
may be contributed to by the pooling of patients with IBS
and IBD, two distinct conditions, subgroup analysis did
not identify any statistically significant difference in their
perceptions of GIS. Publication bias contributed to the
decreased certainty in the effect on GIS; however, the
direction of bias suggests that the true effect size may be
larger than the estimate.

The evidence supporting the use of biophenol-rich
nutraceuticals for subjective GIS improvement in IBD is
strengthened by the finding of decreased objective
inflammatory and oxidative stress biomarkers. Previous
studies have shown the effect of biophenol-rich
nutraceuticals on improving oxidative stress and inflam-
mation in chronic disease states including liver disease,
cardiovascular disease, and kidney disease.'®*”%°
Although only measured by few studies with a limited
cumulative sample size and wide confidence intervals,
decreasing certainty in the estimated effects, this finding
may explain the mechanism by which GIS were
improved.”® Although inflammatory and oxidative stress
markers are not consistent biomarkers for IBS, future
studies should measure these outcomes to better explore
how inflammation and oxidative stress may play a role
within IBS subtypes and if these may be modified by
biophenols.

Emerging evidence suggests that biophenols may ben-
eficially modulate inflammation, oxidation, and the gut-
brain axis via stimulation of the abundance of health pro-
moting bacterial species and inhibition of pathogenic spe-
cies in the gut.”! Gut bacteria metabolites are linked to
having important roles in reducing inflammation and
oxidation as well as maintaining the health of gastroin-
testinal cells. Furthermore, gastrointestinal conditions
such as IBD and IBS have been associated with alter-
ations in the gut microbiota, which is thought to be
related to activation of gut pain sensory pathways.”>”*

Gut microbiota are also thought to influence bioavailabil-
ity and metabolism of biophenols, suggesting that an
individual's microbiota profile may influence biophenol
treatment efficacy.”’ The gut microbiota play an impor-
tant role in the gut-brain axis, which involves a bidirec-
tional communication network between the central
nervous system and the enteric nervous system. This
allows the brain to influence intestinal activities, and the
gut to influence mood, cognition, and mental health,
which may explain the positive effects of resveratrol
biophenols on QoL.””

In this review, 19 articles reported adverse events that
were mild and GIS-related such as nausea, difficulty pass-
ing stools, loose stools, bloating, and heart burn. Meta-
analysis found no difference between intervention groups
and placebo and these symptoms are also consistent with
those that people with IBS and IBD commonly experi-
ence due to their underlying disease. Furthermore, no
severe adverse events were associated with the interven-
tion, suggesting that biophenol-rich nutraceuticals are
safe to be used in patients with IBD and IBS and poten-
tial benefits may outweigh possible discomfort. However,
due to included studies in this review being of short dura-
tion (4-12 weeks), caution should be taken if taken for
long-term use.

The evidence identified is limited by small sample
sizes of individual studies, and broad clinical heterogene-
ity of both samples, gastrointestinal pathophysiology, and
intervention types. Although conclusions may be drawn
about the general effect of biophenol-rich nutraceuticals,
the evidence exploring the comparative effects of differ-
ent types of biophenols is more limited, except for pep-
permint oil and resveratrol. Likewise, the current
evidence is insufficient to determine optimal dosing regi-
mens due to clinical and statistical heterogeneity.
Although publication bias was detected for GIS only, it is
likely to also exist for other outcomes in which there
were insufficient studies to generate funnel plots. Publi-
cation bias may have been impacted by the exclusion of
otherwise eligible studies on the basis of publication lan-
guage. Confounding effects of dietary intakes were not
reported or accounted for in multivariable models in the
identified RCTs. As some studies did not report mean
changes or SDs within groups, these values had to be cal-
culated for use in the meta-analysis, and as such, SDs are
often overestimated. Finally, this study did not develop
GRADE clinical recommendations.

RCTs of longer duration of 6 to 12 months, which
explore optimal dosing regimens, and confirm safety are a
priority, as are RCTs which deliver interventions to
patients with SUDD, and explore the effect of sub-types of
IBS. Studies that explore the mechanisms of how
biophenols influence biomarkers and clinical presentation
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of inflammatory-related gastrointestinal conditions are
needed, including exploration of the impact on the micro-
biome. RCTs should be sufficiently powered or allow for
multivariable models to account for confounding factors,
including dietary intake and lifestyle.

Biophenol-rich nutraceutical supplementation used
as an adjuvant therapy appears safe and may improve
GIS, inflammation, oxidative stress, and QoL in patients
with IBD and IBS, with higher certainty of evidence for
peppermint oil for IBS and resveratrol for IBD. Further
research is required to strengthen confidence in the body
of evidence, identify ideal dosing regimens, and confirm
long-term safety.
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