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Background: In recent years, research on sex-gender differences in health care has increas-
ingly recognized that men and women differ in the way symptoms occur, in risk factors for
certain conditions and in the way they respond to the same treatment. A disease that is
known to often present differently in women and men is irritable bowel syndrome (IBS).
Given the difference in prevalence, predominant symptoms and possible other pathophysiol-
ogy, it is conceivable that a difference in treatment effectiveness in men and women is a
discovery waiting to be found.

Purpose: To determine whether there are differences in treatment effectiveness between
men and women with irritable bowel syndrome.

Materials and Methods: We searched on PubMed and EMBASE, selecting randomized
controlled trials comparing IBS treatment in men and women over 18 years old. One
researcher performed the inclusion process, and two researchers independently performed a
quality assessment. A descriptive analysis was conducted.

Results: Twelve studies, randomizing 1847 men and 3562 women, were included in this
review. Treatment with serotonin antagonist alosetron, treatment with ibodutant and crofe-
lemer and adding cognitive behavioral therapy to medical treatment found significant
differences between men and women in favor of effectiveness towards women in either
satisfactory relief of overall IBS symptoms or percentage of pain-free days.

Conclusion: Sex-gender can be a determining factor in the effectiveness of IBS treatment.
Due to the limited number of studies per treatment option, no recommendations can be made
on the choice of a specific treatment. It is clear, however, that so as not to miss beneficial
treatment options for either sex, the inclusion, analysis and description of data on the basis of
sex is of the utmost importance.

Keywords: colonic diseases, abdominal pain, randomized controlled trials, male, female,
treatment

Introduction

Irritable bowel syndrome (IBS) is a chronic gastrointestinal (GI) disorder, charac-
terized by recurrent abdominal pain and altered bowel movements.' The main
symptoms are constipation, diarrhea, bloating or pain, which seem to fluctuate in
intensity and duration over time.? IBS is diagnosed clinically, based on the Rome
diagnostic criteria (Appendix 1), physical examination and limited diagnostic tests.
IBS is one of the most common GI disorders, accounting for 12% of all primary

care visits, and is the most common reason for visiting the gastroenterologist.
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Patients with IBS report that it substantially reduces their
quality of life and work productivity.”” IBS affects both
men and women, but the prevalence of IBS is higher in
women than in men, with an odds ratio of 1.67.* Men and
women appear to experience different symptoms to be the
most bothering and may react differently to treatment. IBS
with constipation (IBS-C) is significantly more common in
women, whereas IBS with diarrhea (IBS-D) is more com-
mon in men.’

There are many theories to explain these differences. It
can partly be explained by a variety of sex- and gender-
related biological and psychosocial factors.” Since several
studies have shown that there is an effect of sex hormones,
especially estrogen and progesterone, on bowel function,
gastrointestinal transit time and the processing of pain
stimuli in the central nervous system, it is conceivable
that this system may be related to the greater prevalence
of functional syndromes in women.® Whilst recurring pain
and discomfort in the pelvic region is quite familiar to
women, moreover, it is a rare experience for men. Women,
therefore, might be more vigilant toward sensory stimuli
from the pelvic area and are also able to discriminate
between physiological discomfort and potentially noxious
events. In addition, it is becoming evident that the gastro-
intestinal tract microbiota differ in males and females.”
Likely causes include differing sex hormone levels in
males and females, in part driven by sex differences in
systemic sex hormone concentrations but also influenced
by microbiota themselves. A different microbiota compo-
sition drives sex differences in innate and adaptive immu-
nity, which might lead to sex-dependent susceptibility to
IBS. This sexually dysmorphic microbiome has been
termed the “microgenderome.”’

Besides different underlying pathophysiology mechan-
isms, another reason for male and female patients to
require different treatments is a difference in response to
drugs. As knowledge of medicinal drug toxicology and
pharmacology is expanding, it has become clear that men
and women react differently to drug treatments due to
physiological differences such as body weight and length,
total body water, extra- and intracellular water and surface
area, as well as differences in pharmacodynamics and
pharmacokinetics.® As IBS is a prevalent yet heteroge-
neous disorder, patient selection for a given treatment
can be challenging and, considering the underlying
mechanisms indicated above, may be influenced by a

patient’s sex or gender.’

“Sex” is commonly defined as the property or quality
by which organisms are classified as female or male on
the basis of biological, that is chromosomal and hormo-
nal, characteristics, whereas “gender” is understood in
terms of masculinity and femininity, which are largely
culturally determined. It is clear that sex and gender,
though set apart as two concepts, are strongly inter-
twined in medicine, and they are used interchangeably
in this study.'®

The above-mentioned differences in pathophysiology
might have implications for personalized treatment of IBS.
It is of great importance to review what is known about
differences in response to treatment in men and women
with IBS. The main objective of our study, therefore, is to
determine whether there are differences in treatment effec-
tiveness between men and women with irritable bowel
syndrome. This way we aim to provide tools for a well-
considered personalized treatment of patients with IBS.

Table 1 shows a list of the most commonly used
abbreviations in this article.

Materials and Methods

Data Sources and Study Selection

We conducted a broad search on PubMed and EMBASE.
With the assistance of a professional librarian, a search
strategy was set up with combined MeSH terms and free
text terms in order to build a broad discovery net for
articles on IBS and these terms: sex, sexism, gender (iden-
tity), difference man/women, treatment, disease manage-
ment, therapy or pharmacology (Table 2). After this search
had been executed, studies were loaded in Endnote X9 to
delete duplicates. A random sample of ten meta-analyses
was examined to determine if they yielded any new RCTs
that needed to be considered for inclusion. This was not
the case. Studies were screened in title and abstract to
ascertain: 1) whether the study was solely about IBS; 2)
whether both men and women were included; and 3)
whether the study was a randomized controlled trial.
Articles were considered eligible for inclusion when they
met the following criteria: 1) population included men and
women over the age of 18 who were diagnosed with IBS;
and 2) study analyzed men and women as two subgroups;
and 3) the study was written in English. We have chosen to
include only studies that look at the difference between
men and women in the effectiveness of treatment. Studies

that did not meet the inclusion criteria were excluded.
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Table |1 Meaning of Abbreviations from This Systematic Review

Abbreviation In Full

5-HT Serotonin

AST Spherical carbon adsorbent

BS-IBS Behavior Scale for irritable bowel syndrome
CBT Cognitive behavioral therapy

EMT Emotional awareness and medical treatment
FDA Food and Drug Administration

Gl Gastro-intestinal

GP General practitioner

HADS Hospital anxiety and depression scale

IBS Irritable bowel syndrome

IBS-C Constipation predominant irritable bowel syndrome
IBS-D Diarrhea predominant irritable bowel syndrome
IBS-M Mixed diarrhea and constipation irritable bowel syndrome
LBT Lactulose breath testing

MT Medical treatment

RCT Randomized controlled trial

SIBO Small intestine bacterial overgrowth

SSS Symptom severity scale

VAS Visual analogue scale (for pain measurement)
WASA Work and social adjustment scale

Quality Assessment
The quality of the eligible studies was assessed by two
independent researchers (LK, JW) using the Quality

Table 2 Full Search Strategy

Assessment of Controlled Intervention Studies (QACIS)
tool by the National Institute of Health (Appendix 2)."! The
advantage of this tool over other frequently used assessment
tools, such as the Cochrane Risk of Bias Tool, is that it
consists of specific yes-or-no questions on criteria that a
study should meet.'? As a result, QACIS provides a clear
dividing line between whether or not an RCT should be
included.

Based on the QACIS tool, studies were categorized as
POOR, FAIR or GOOD. If a “fatal flaw” was present,
studies were instantly rated as POOR. Fatal flaws are
high dropout rates, a small sample size and statistical
power <80%, no intention-to-treat analysis or other unsui-
table statistical analysis. Apart from these fatal flaws,
assessment items that were considered to be of special
importance to discriminate between studies of good, fair
and poor quality were: 1) an adequate description of the
randomization method; 2) the blinding of participants and
providers; 3) the use of validated outcome measures; 4)
the percentage of treatment adherence; and 5) similar base-
line characteristics (Appendix 2). To differentiate between
POOR, FAIR or GOOD (apart from fatal flaws), a rating
scale was constructed, in which the above-mentioned

Database | Search Strategy

Results

Pubmed

AND

Population: (“Colonic Diseases, Functiona

I

AND

Intervention: “Colonic Diseases, Functional/therapy”[Mesh] OR Therapeutics [MesH] OR pharmacology [mesh] OR 603
disease management [mesh] OR gastrointestinal agents [mesh] OR “Gastrointestinal Agents” [Pharmacological Action]
OR therap* [tiab] OR therapeutic* [tiab] OR treatment* [tiab] OR pharmacolog® OR Disease Management* [tiab] OR
gastrointestinal Agent* [tiab] OR gastrointestinal drug* [tiab] OR gastric agent* [tiab] OR digestant* [tiab]

[Mesh]) OR (continuous abdominal pain[tiab] OR continuous gastrointestinal
pain[tiab] OR frequent abdominal pain[tiab] OR frequent gastrointestinal pain[tiab] OR Functional abdominal pain [tiab]
OR Functional colon disease*[tiab] OR Functional colonic disease*[tiab] OR Functional colorectal disease*[tiab] OR
Functional gastrointestinal pain [tiab] OR Irritable bowel [tiab] OR Irritable Colon[tiab] OR Mucous Coliti*[tiab])

Population: “Sexism”[Mesh] OR “Sex Distribution”[Mesh] OR “Sex Factors”[Mesh] OR “Sex”’[Mesh] OR “Sex
Characteristics”[Mesh] OR “Gender Identity”[Mesh] OR Sex[tiab] OR gender[tiab] OR sexism[tiab] OR (difference*
[tiab] AND (man[tiab] OR men[tiab] OR male*[tiab]) AND (woman[tiab] OR women[tiab] OR female*[tiab]))

EMBASE Intervention:
exp disease management
Population:

Irritable colon.mp. or exp irritable colon/

Exp therapy/or treatment.mp. or exp pharmacology/or exp “ceiling effect (pharmacology)”/or disease management.mp. or

exp gender identity/or “sex and gender”.mp. or exp sex difference/or exp gender/or exp gender bias/or exp sexism/or sex
distribution.mp. or exp sex ratio/or exp sex factor/or Sex characteristics.mp. or exp sexual characteristics/

842

1445

Full search executed on the 2nd of June, 2020
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assessment items were given 2 points, and the other items
were given 1 point each. Cut-off points were discussed and
determined, at <11 points as POOR, 11-16 as FAIR and
>16 as GOOD. Whenever there was disagreement on
certain aspects of the quality assessment of an article, a
discussion with the supervising committee was held until
consensus was reached.

Data Extraction and Analysis

Data were extracted on population and sample, type of
intervention, primary and secondary outcome measures,
and outcomes and data on male and female sub-groups,
using a standardized extraction form. Whenever results
were only presented in a graph, data were manually
extracted by enlarging the graph to A3-size and estimating
the outcomes. One study mentioned that no differences
between men and women were found, but they did not
show the subsequent data, so the authors were approached
by e-mail to request additional data. Unfortunately, no
response was given despite reminders. We performed a
descriptive analysis of the included studies.

Results

The search resulted in a sample of 1445 studies (PubMed
603, EMBASE 842) (Figure 1 Prisma Flowchart), of
which 1232 studies remained after removing duplicates.
Out of these studies, 66 studies were considered poten-
tially eligible after title/abstract screening. Reasons for
excluding studies were study type, study population (<18
or only male/female patients included) or no mention of
sex- and/or gender differences. Examination of the full text
of the remaining studies led to the selection of 17 rando-
mized controlled trials that met the inclusion criteria. After
quality assessment, 12 studies, including 1847 men and
3562 women, remained to be included in our systematic
review (Table 3). Appendix 3 provides the main character-
istics of the studies excluded after quality assessment.

Main Characteristics of Included Studies

Almost all studies were placebo-controlled randomized
trials. One study compared mebeverine with additional
cognitive behavioral therapy to mebeverine alone.'?
Most patients were diagnosed according to the current
Rome criteria, and one study used GP diagnosis. Of 12
included studies, 4 included only IBS-D patients, and 2
included only IBS-C. The other 8 studies included all
types of IBS: constipation dominant, diarrhea dominant

or mixed. Studies were published between 1999 and
2019.

Types of Interventions

Intervention types can be divided into pharmaceutical
interventions (Table 4), psychological interventions and
alternative interventions (Table 5).

Outcome Measures

The primary outcome mostly assessed an adequate reduc-
tion of IBS symptoms as indicated by a reduction in the
symptom severity scale; reduction in the sum of symp-
toms; self-reported adequate relief of symptoms; a compo-
site responders score (experiencing a >30% reduction of
their IBS-symptoms on more than half the days); increased
number of pain-free days; improvement in stool consis-
tency; or decreased VAS intensity of pain.

Effects of Interventions

Pharmaceutical Interventions

Table 4 shows the pharmaceutical interventions included
in this systematic review, with a brief description of the
agent studied. They have been ordered by type of pharma-
ceutical (either a serotonin antagonist or not), and within
these subgroups, they have been ordered by their quality
assessment score, starting with the highest scores.

Serotonin Antagonists
George et al studied renzapride.'* No significant differ-
ences were observed between male and female participants
concerning adequate pain relief of abdominal pain/discom-
fort, and no significant response was reached in the overall
population. The study was rated good (18/20). Ramosetron
hydrochloride was studied by Matsueda et al.'> Comparing
the differences in response between placebo and ramose-
tron, they found no significant differences between male
and female patients. Both men and women showed com-
parable positive effect. The study was rated good (17/20).
Two studies with alosetron, Camilleri et al and
Bardhan et al, showed comparable results concerning gen-
der differences in the treatment of IBS.'®!” First, women
reported to experience 12 more pain-free days in the last
three weeks of treatment when receiving 2mg of alosetron
compared to placebo, whereas in males there was no sig-
nificant benefit with any dose of alosetron over placebo.
Second, one and a half times as many women experienced
an improvement in diarrhea comparing placebo to 2mg
alosetron. This improvement was barely noticeable in
men. Thirdly, almost twice as many women reported
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Figure | A flowchart of the selection of articles. In the first step of screening, most articles were rejected because they were not RCTs. Other reasons for exclusion were
that they were not written in English, were not about (only) IBS or were children’s studies. In the next step, where eligibility was considered based on the full text, an
additional three-quarters of the articles were dropped for a variety of reasons: not discussing sex-gender differences was the most important (other reasons are mentioned
in the figure itself). The remaining articles met all inclusion criteria and were scored for quality. The studies that scored fair/good on this were ultimately included in this

review.

adequate relief of their IBS pain and discomfort receiving
1 or 2mg alosetron, whereas this barely improved in men.
Camilleri et al reported significant improvement in
urgency, hardened stool and decreased frequency in
women, but not in men. Bardhan et al reported no signifi-
cant improvement in either male or female patients con-
cerning the improvement of VAS-score and frequency,
with no differences between the groups. Stool consistency
improved significantly in both males and females, with no

significant difference between the groups. Studies were
both rated fair (resp. 15/20 and 14/20).

Other Pharmaceutical Interventions
Ibodutant

In the study of Tack et al, ibodutant 10mg demonstrated
significant superiority over placebo in females.'® The per-
centage of satisfactory relief of overall IBS symptoms and
abdominal pain doubled in women (24.4% to 46.8%),

International Journal of General Medicine 2021:14

submit your manuscript

871

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

van Kessel et al

(8€0'0=4) %91°gH uomasoures 3rlg| pue (850°0=d)
%95 €4 Uonasowre. 3rig ‘(19¢'0=d) uo.nasowre. 3r| ‘9| g6 :0q93eld

Ansnpui

uiod [euy ay3 38 0qade|d snsuaA uo.anasowe. 3rig| Suiaiedau 8lp=u [eonnasew.eyd
uone|ndod |[eJaA0 o) @ sAqey [PMOq [ewiouqge Jo Juswarosdw) g BIIDILID Aq papung
"(200°0=4) %6¢€ 8 uonvsowe. Zrig| Il dwoy | (07/L1) AOOD
pue (001°0=d) %79'LE uonasowe. 3rg (] 60'0=d) 79°LE Uo.nesowe. ogade|d 03 3uipJodde Jespoun
%01" | S9[eW ‘%00°0§ sojewdy | 3rl| ‘%94'sT :0qadediuiod [euy sy 38 0qaded snsiaA uosasowed 3rig | SUqeY [omoq uo.zasowrey a-sdl Auepuodas
:uozasowed Srig| pue %EQ'8E SIBW ‘%EEES SIeWay :uosnasowed | Suiaeda. uonendod ||eiaAo 4oy @) ured/uojwodsIp [BUILIOPGE JO Ja113Y T [ew.ouqe 8 o] | yum pasousep Kaewnad
uo.jasowe. 3rig ‘%40€'ST SOJBW ‘%0Q°0E SIeway (9200=d) %10} uo.nssowre. 8rig| pue (£z00=d) 0 3uswanoudwy g uo.uzasowry sjuaned ‘su9d
:uoanasowred 3rl| ‘0| g SIeW ‘%Q| 8¢ So[ewdy :0qade|d :auiod jeuly %15 Ty uonsowe. 3rig (00| =d) uo.zesowr. 3| ‘%7497 :0q928|d uredyioywiodsip 3 g (16=Y) s|dn|npy
so|eway pue 0qgade|d SNSUSA uo.Idsowe. [eulWOpqE Jo JRIRY T uo.lasowrey SJeway pue < uede[ ‘8007
sajew Joj d|qesedwod a3ed asuodsad (%) 91ed asuodsau Alyauoyy | 3rg| Jo -G Buiaeda. uonejndod |jeasno Joy @ swordwiAs sgj Jo JeIRY || woadwAs sg| jo JoIRy °| 3 | (01€=u) o'W ‘[e 32 epansiely
(9010°0=d) 3wy, spidezua. :7|-g oM (8400'0>d) Swy, spidezus. pue
(#510°0=d) Bwg opidezuau - | s>}9om :0qade|d SA SDUDISYIP JUSUNEA| 7 |
-G $99M Ul W IO} PUE p-| $aMm Ul 0gadeld snsuaa spidezua
Swy, pue 3wy 3uineda. uonejndod |[edano Joy @ AduLIsISUod [00IS *g
(9%00°0>d) 8w, apidezuad 605=U
pue (]00°0=d) 8wz apidezuau :7 |-G seam (| 000"0>d) 8wy, apidezuaa pue BIIDILID Ansnpui
(£000°0=d) 3wz apidezuau :p-| $>pam :0Gade|d SA SdUSIBYIP JUSWIEDI| 1| dwoy [eannascew.eyd
ogade|d sns.aA apidezuaa Swy, pue Swg 03 3uipJodde Aq papuny
Buinedau uonendod |[eaao Joy ) Aep Jad passed sjoois jo JaquinN T Adud3sISUOD |003S “€ D-sql 07/81 AOOD
(AjoAndadsaud 97| pue %g) safewsy uedlIUSIS 30U 394 ‘0qade(d “sA JusWACIdWI Aep Jad oqadeld | yum pasouselp aJed AJewiig
Ul PaAJI9SqO SeM 0gade|d ‘SA SDUSISYIP JUSUNESID APjPam d3eIaAe usIsuod & Suimoys dnoud asop Sw § 3 Ajuo yam Quapuadap asop | passed sjooas jo daquinN 7 | 3w 4 apidezuay sjuaned 4, ‘wopsury|
4918343 B 910Y0d Apnis |[edaA0 ay1 03 paJedwod (0] JO 9G) | Sem asuodsau ay | ogaded sa apidezuau jo asop Aue Suiapda. uonendod 1Jojwodsip/ured euiwopqe | 3w g apidezuay (SSp) oeway paiun ‘80T
195 sisA[eue ||n4 1Jojwodsip/ured |eujwopqe jo jalfa. ured a1enbapy - | |[e49A0 10} © iojwodsip/ured [euiwopge Jo joija. ured arenbapy °| Jo J9119. ured s3enbapy | 8w | spidezuay pue ($5) de ‘e 39 981095)
Buipuny
‘A1) aaed
‘yuauwussasse
Aypenb
(©/@) @duaaayip 3uedyiusis Ajfeonnsnels ajdwes pue ‘A13unod

sdnoa3qns sjews) pue ajew USIMII] SIDUIBPIA

s193aweaed Adeoyys Arewrad a0y synsay

s193aweaed A>edyy3

uoUIAIIIU|

uone|ndogd

aeak Apmyg

(quswsssassy Auend) pue adA] uonuaAlalu| Aq paJsapaQ) SIIpNIS pPapn|du| Jo sdNIsLISIdRIRYD) € dqel

14

International Journal of General Medicine 2021

submit your manuscript

872

Dove


http://www.dovepress.com
http://www.dovepress.com

van Kessel et al

Dove

(panunuo))

%9% Uonasofe Swig

‘% :0q92ed :sofe|y (££0°0=d) %] § Uo.nasOfe BW ‘%t € :0qaded :soeWRY
oqgaoe|d snsJaA uo.nasofe wg

Buinedau syusned (sew 30U ING) SJewWwd) Jo) P BYLIBIp Ul JusWaAcdw| G
0gade|d SNSJaA UC.NBSOfe

Jo asop Aue Buiniadau syuaned afew pue Sjews) Yioq o} O Aduanbaj [00IS 4
(200°0>d) ogeded

J9A0 JusWAC.IdWI %0G S3few ‘0qaoeld IaA0 JuswRAIdWI %8S SI[BWD)

7| YPemsdnous ussmiaq sous.iayip ou ‘oqaded snsiaA uo.nssofe Swg

Jo 3wig') Sunedau syuaned S[ew pue S[ewd) Y1oq Joj P AUSISISUOD (001§ “E
(S00>=d)

(8%1-) €7 orew pue (500>d) (47-9-) 6 S[ewsy :uonasofe Bw T (14-8-)

91 9w pue (g-£Z-) |- Bewsd} :uo.nasofe 8w 0 “(£Z-07-)y Bfew pue (6-€7-)
/- 9[ewa :uo.nasofe 3w | °0 :(0qaoe|d SNSI9A UCNISO[E) SIIUSISYIP IUSUDES|
sdnous usamiaq sous.iayip

ou ‘0gade(d sNsUaA Uo.nBsOfe Jo asop Aue Sulaiedad susned Sews) pue Sjew
20q 0} © .03 SYA Ul uswaAoadul 0| < Yum sauaned jo uonuodoud 7
(€61-1'€0) 6'1- Srew pue (50'0>d)

(£:€2-€0°) 0°T1 2[ewd) uo.nasofe 3w ‘(647-6'£1-)S'E B[ew pue (87| —
¥T1-) TO [ewd) :uonasofe 8w 0 (L +E-6'€7) 451 ew pue (061 —£9-) 19
:9[eW4 :u0.N3sOy Bwi |0 ((0gade|d SNSISA UOC.NSSOE) SIOUSISYIP JUSUNED|
oqgaoe|d shsJuaA uo.nasofe wg

Suinoa. syusned (s[ew 30U Inq) Sfews) 4oy ) skep sauy-ured jo uonuodoud *|

(£0'0=d) %05 uo.1asoje 3wy ‘%9¢ :0qade|d

0gode[d snsJuaA uoarasofe 8wz 3ulaledad uonendod |jeasAo oy

@ eoyuueip ul uswaAoadw ‘gg0°0>dogade|d snsuaA uoasole 3wy
Jo 8wgg Bulaieda. uonendod |[BJaA0 U0y ) SUONDE JO JBqWINN| ‘b
§0°0>dogade|d snsuaA uosasofe Swg

40 3wg o Suiaieda. uonendod [jessao Joj @ Adusasisuod [00IS g
((500>9) (sz-1-)T1

:uonasoje 3wy (4-81-) §- :uosasoje 3w g0 ‘(0]-9]-) €-:uo.sIdsOoR
Bw | :(0qode|d sNsJaA UOIIBSOlE) SIIUDIYIP JUSWIEa. | 0qade|d
snsJaA uoaasofe 3wy 3ulAldad uonendod |jeiaA0 ay) Joy)

@ 24025 SYA Ul auswaroadwil %0 | < Yum siuaned jo uondodolyd g
(500>d) (W61 = 1'1°) I'6

:uousasofe Bwg (071 — £'67) I'] uo43dsoe Bw §0 (8'61-5°1-) T6
:uoasoje 3w |"Q :(0qade|d SNSISA UOIISSO[R) SIIUSIDYIP JUSWIED |

‘Z1- PUE -G S@9Mm Ul 0gade|d SnsuaA uo.Iasoje 3wy SulARdR

'OYJIRIp Ul JuswaAoadwl °§
SUORDE JO JBqWINN| ‘b
AduL1sI5U0D 001§ °E

24025 SYA

ul JuswaAoadwl %0 | < Yam
syuaned jo uonuodoud ‘g

skep

oqgade|d
8w g uonesoly

§°0 uo.soly

w9p=u

Bl

awoy ay1 01
Suipaodde gg|
Yyam pasoudelp
sjuaned

(S€€) arewsy

Aansnpul
Jeonnasew.eyd
Aq papuny
(0z/v1) YiIvA
sojuld uepisAyd
o1eAld pue
2o130e.d aJed
Arewyud
‘sojulpd juaned
-ano [exdsoy
4, ‘wopsury|

pa3uN ‘1007

uonejndod |edaAo ay3 Joy @ sAep dauj-ured jo uonuodoud °| 9auj-ured jo uonuodouy °| 1'0 uomssoly | pue (£z]) 3eW “Ie 39 ueypJeg
JuBdIUSIS JOU SOl 'SISOP |[B U0}
sypuow ¢ ‘z ‘| 38 0qade|d sa go'0>d :sajewajoqadeld snsuaA uosasoe
Jo asop Aue e sauaned (sjew 1ou) sjews) 4oy P Adusanbauy jooas
Pasea.dap pue [001s pausp.ey ‘Suneo|q :suonduny pajead [dmog g 70€=u
ogade|d 03 patedwod BIIDILID WOy
UO.ISSOJE JO 9SOp AUB UYIIM S3[BWS) o sojew ul O Suneo|g ‘g 01 3uipJodde Ansnpui
"%TS SOJBW ‘%TS SO[BWD) UOIIDSOR SWG ‘%pG SO[BW ‘| G SO[RWIS) Ausdun ¢ ogade|d pasouselp |y [ean3nascew.eyd
uo.asole 3wy ‘%G safew (£70°0=d) %6 sojeway :uo.asole Swyg uonduny 8w g uonssoly -sd| 4o g-sd| ays Aq papung

‘%40T Salew ‘(510°0=d) %09 So[ewa} :uo1asoje 3w | ‘%G SBW ‘%EE
S3[BWS) :0qadE|J0gade|d snsuaA uosasole jo 3wz Jo Sw| e sausned

(S1ew 20u) sjeWay J0) @ (S99M 9 IsEI)| 1B J0)) JoI|9.4 93ENnbapy °|

‘umoys 10u uone|ndod |[essAo oy ereQq

[omoq jo uswaroadw g
(s>199m 9 3se3) 38 U0Y)

Jo194 2enbapy °|

3w § uomnasoly
8w g uonasoly

8w | uonesoly

yam sausned
(207) alewsy
pue (001) 3eW

(0z/S1) dIvA
/593835 pa3uN

‘6661 ‘M3||IweD

873

submit your manuscript

14

International Journal of General Medicine 2021

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

van Kessel et al

(9:0=d) sa[ew jo %" pue (§700'0=d) so[ews}

40 %61 § 3umnpoq 8w | (9¢'0=d) s3jew jo %} '67 Pue (550°0=d)
S3[eWa) JO %} 3ueINPOq) 8w € (64°0=d) s3jew Jo %' | € pue (7£00=d)
S9[ewWdy JO %9° | 3ueINpOq! ME_ .ww_mrc JO %S°LE .ww_mc\_vw 3O %T8T
“Onmum_n_Oqum_a SNSJ3A juelnpoqt jo MEO | 40 MEM mc_>_wum._ S9|ews) Joj
@ aInu %5, — ured [eulwopqe Jo joiRy “9(1§°0=d) saew Jo /" |4 pue
(§90°0=d) ssjewsa} jo %z '¢§ uranpoq: B | (€€:0=d) sajew Jo %5 /T
pue (g€'0=d) sajewa} Jo %09y IuLINPOq! B € “(16°0=d) S3[eW JO %E'GE
pue (0p'0=d) sa[ews} Jo %6 pf IuLINPOQ! SW | ‘SS[BW JO %E'GE ‘SO[BWID)
JO %9°8€ NOn_mum_n_On_wum_n_ SNSJ3A JUBINpOq! JO 3SOp Aue Mc_>_muw._
S9|ews} pue 9jew Yloq 4o} @ {INd %S/ — wEOun_F_xm ||e49A0 JO J3II9Y g
(0%°0=d) sa[ew Jo %¢ ¢y Pue (1100°0=d)

$3[BW?} JO %809 umnpoqi B | (19'0=d) sajew Jo %p"| € pue (£]°0=d)
S3[BW?SY 4O 9/"| § 3urINpOq B € ‘(g4°0=d) sajew Jo % |"¢4 pue (]50'0=d)
ww_arcww mO Nﬂwm uCS:_UOn_ ME_ .mw_mE uO nkummm .wm_mrcm.u mO ANO. _ .V
:0gqade|dogade|d snsuaA Jueanpoq jo 3w | SulAl9d9. (SS[ewW J0U) Sa[eW)
Ele)} @ 9Nd %09 — :_mn_ |euiwiopqe pue swoldwiAs |[B42A0 JO jolI9Y §
(520'0=d) safew jo

%€°65 PUe (£100°0=d) s3[ew} o %0y, weanpoqi 3w | “(£]°0=d) sajews
10 %1°Sp Pue (81°0=d) s9[eway Jo %6'8S uENpoq: 3w ¢ (66'0=d) so[ew
10 %085 PUE (y7'0=d) so[ewa} Jo %8S 3uBINPOq) S| ‘S3[EW JO % "8G
‘SO[BWID) JO %} 6 :0G9IB|JOqaE|d SNSaA JurINPOQ) JO Wi | SulAiBda
(soew 30U) sojewdy 4oy @ A2u)sISUOD [003s U0} asuodsau ApPam a4 '€
(9£°0=d) safew Jo %} pue (€000=9)

S3[BWR} JO %4 S JuEINPOq) Buig | ‘(450°0=d) sajew Jo %5/ pue (98'0=d)
S3[eW?a} JO %}'8E EINpoq) 3w ¢ (gH°0=d) s3[ew Jo %0g¢ pue (0£'0=d)
S9[eWd) JO %6 IuLINpOq! ME_ .mm_NE JO % TSP PuUe sojewd) JO YT | €
:0qade|dogade|d snsuaA Jueanpoq) jo 3w | SulAled9. (SS[BW J0U) SI[BWS)
Jo} @ ured [euiwopge pue ASusiSuod [003s 1o} asuodsau ApPeam Y4 T
‘(188°0=d)

s9[ew Jo %0'0€ “(€00°0=4) s3[ewa} Jo %g'9y 3uBINpoq! Sw| ‘3w

(60070=d) %5"L¥ 3uEINpPOq!

8wo| (960°0=d) %0k 3urInpoq) wg ‘(p£°0=d) %6'LE 3uBINPOQ!
Sw| ‘%4p 7€ :0q9e|doqade|d SNSUSA JuBINPOQ) JO 3SOp Aue SulAIRda.
uone|ndod |[easAo Joy © 9|nJ %G/ — uled [BUILIOPQE JO JOIIRY ‘9
(990°0=d) %t '8t 3ueanpoqt

8w| (5£'0=d) %I 6€ uenpoq wg ‘(8y°0=d) %’ | eINpOq!
Sw| ‘yg /€ :0qae|J0qade|d sNSIaA JuBINPOQ) JO 3sOp Aue SulAIedal
uonejndod |[edsAo Joj © 3|nd %G/ — swordwis |[edsA0 Jo JaIRY °§
(510°0=d) %29 3ueanpoqi Bwg| (z£00=9d) %T ¥ 3ueanpoqi

Bwg (5€'0=d) %p'1§ 3ueanpoqt Bw| ‘y/ g€ :0qae|dogade|d

snsJaA Jueanpoq jo 3wQ| 3ulAlda4 uonejndod |jeasro

Joj @ 3jna %0g — ured [euiopqe pue swoldwiAs |[BI19A0 JO JBIRY P
(#10°0=d) %, '£9 3ueanpoq: Bwg| “(58°0=d)

%¥'¥S enpoq 3wg ‘(0p0=d) %€'85 uEnpoq 3w| ‘%TeS
:0qade|d0qade|d snsuaA ueanpoq) jo 3w | Sulaeda. uonendod
|[e49A0 J0) P AdU3sISUOD [003s 0} asuodsad Apjeam a4 ‘€
(050'0=d) %€ 6% 3ueanpoqt Swg| (98'0=d) %8¢ 3ueanpoqt

Bwg (6£0=d) %5Tp uEINPOq! Bw| ‘%}’/€ :0qa8|doqade|d

SNs.JaA JueINpoq! jo SwQ| 3ulAleda4 uoneindod |jeasAo oy

3IN4 %S/

— ured [euiwopge jo jo113y
'99|nJ %G/ — swordwAs
I[49A0 jO J2II9Y °§

3|nJ %05 — ured
[euiwiopge pue swoldwAs
[[e49A0 Jo Jal|3y ¢
Adus1sisuod |ools

Joy asuodsad Apjam yad ‘€
ured |eulwopqe

pue A5U3sISUOd |001s

Joy asuodsau Apjpam yad T

655 =U
“BlIILID
1l dwoy

01 3uipJodde Ansnpui

JO %9°| T PUE S9[BWd) JO %T"0f JUBINPOQ g ‘s9jew JO %G°GT ‘sojewdy | € ured [euiwopqge pue Aduailsisuod |0ols 4oy asuodsau Apjpam ya4 7 J|NJ %S5/ — a-sqi Jeonnasew.eyd
JO %0°9€ EINPOQ! W | ‘SI[BW JO %7’ | € ‘SI[BWSY JO %' T :0qade|d ‘8wQ| aueanpoqi 4oy 700 1J0jwodsip/ured |euiwopqe ogade|d yam sausned ays Aq papung
0gode|d snsuaA JueINpoq jo SwQ| SuiARad | = d ‘umoys 10U eIR(0GqadE|d SNSJISA JUBINPOQI JO ISOP AUE SUIAIRID pue swoldwAs sg| | 3w | aueinpoq) (ege=v) | (07/0) AOOO

(sojew 10U) sajewa) Joj @ 3nJ %G/-11ojwodsip/ured [eulwopqe uonejndod |jesaro Joy © 3|nJ %G/-110jwodsip/ured [eulWIOpge | |[BJ9AO JO JoIjaJ AJo1deysies 3w ¢ uenpoq| sjeway pue | o wnidjRg ‘9|07

pue swoldwiAs Sg| |[e49A0 JO JaljaJ A10108)snes Yum saapuodsay | pue swoldwAs sg| |[e1aA0 Jo Jalja. A101d8snES YlM stapuodsay °| Yyam sispuodsay °| 3w | ueinpoq) (97Z=Y) 3e “Ie 39 >d']
Buipuny

‘Aypdey aqed

“Juauwissasse

Ayenb

(©/@) asuaiayip juedyiusis Ajednsneis ajdwes pue ‘A13unod

sdnou8qns sjeway pue ajeW UIIMIDQ SADUAIBYIQ

s193aweaed Adeoyys Arewrad a0y synsay

s193aweaed Ad>edy3

UOIUBAIIIU|

uone|ndog ueak Apmig

"(penunuod) € alqeL

14

International Journal of General Medicine 2021

submit your manuscript

874

Dove


http://www.dovepress.com
http://www.dovepress.com

van Kessel et al

Dove

(panunuo))

(9200°0=4) %1°9T o304 Bwigos “(79'0=d) %E'€| 4awafR404>
Bw0ST ‘(8£0°0=1) %S0T Jows|aj04> BWST| ‘%901 0qaed :sajeway
uone|ndod sjeway Aq USALIp sem dduedyiudis | | | @ sAep 9auJj-ured "9

(€0°0=d) %€ HT :4owapRjo.d 3wpog (66'0 =d) %T €| 4owWaRs0.d
8w0sT “(£7°0=9) %k61 HoWdPR0Id BwsT| ‘%€ :0qadeld

syauow ¢ Jaye 0gade|d SNSISA JSWS404

Bwos Buiaiedau uoneindod |[edaA0 U0y @ sAep 9aJj-ured 9

(97°0) 58'07€8°0-

“4awayRjo.d 8wQQS ‘(F6°0) 0£'0FT LY 0- -4awda404d 3wipge (8¢°0=d)
88'0F78'0- aWd)040 3WST| ‘T6'OFEL Q- 109ae|dogqaded

SNSJ3A JaWd[3j0.d Jo asop Aue 3ulAieda.4 uonendod |fessAo

40} © 24035 uted “§(68'0=d) %S 4awWaRs0.> 3wpos ‘(61°0=d)
%0¥ 1dWdRJ0Id BWOST ‘(4£'0=d) %LS 1PWRPRJOId BWGT| ‘%ES
:0q92¢|0qade|d SNSUSA JBWS|RJ0.4d Jo 3sop Aue SuialedaJ uonendod
[e43A0 104 © (%) J12- 33enbapY “H(9%°0) LTEFI'ET 43WR01>
8w00S ‘(1+°0) €TEFTTT 66- 4awapRJo.d BwosT (66'0=d) T1£¥8°0€
JaWR|RJ0Ud BWST| ‘G'HEFEOE :09a8|d0qade|d SNSJUSA JaW[9)01d
Jo asop Aue 3ulaieda.4 uonejndod |[edaAo Joy © Aduadin ¢
(£00=d) 98" I F€H0- :4owdpRJ0Id 3wo0S “(68'0=4)

LE6'0F85°0- aWPRJ0.d 3wST ‘(¥8°0=d) €EE’| F GO'|- 42WDIRJ0.d
3WSZ | ‘9¥9'| F 86°0- :099€|d0qade|d SNSIDA JSWS|40.D JO 3sOp Aue
8uiaizda. uonejndod [[edaao Joj © auswaAosdwi Adusnbauy [oo1g T
(88:0=d) %9 :4owapRj0.> SWpOg

(6€°0=d) %0t :4awapRyo.d 3wosT ‘(6'0=d) %6k +owWaRs0Id Bwgz|
‘%8 :0G93e|d0qade|d SNSJU9A J9W[40.d Jo dsop Aue SulAleda.

uone|ndod |[edaAo Joy © (%) stopuodsau Adusisisuod [003g °|

skep 23.j-ured 9
94005 ured ‘g
Jo124 21enbapy §
Aousdun ¢
Aduanbauy [oo3g 7
saapuodsau

AduL1sI5U0D 003G °|

ogade|d Sw
00§ Jawaaj0uD
8wosT
Jawjpyou) 3w

S| JowsRjou)

Sy=u

Bl

|| swoy

01 3uipJodde
a-sal

Yam pasoudelp
syuaned (%5/7)
SJewsy pue

(%S0) aleW

Ansnpui
Jeonnasew.eyd
ay3 Aq papung

(0z/81) 00D
saonoeuad paseq
Ausaaaun

J0 3jeAlld

07 529838
P33uN ‘800
‘IpaAImEeyD

% |23uely

‘asuodsau

Aue ul paAIasqo sem sdnoul aya UsIMIDq 9dUSJIBYIP IUBRDYIUSIS ON|
(100>d) %9°L€ a1ew pue (50'0>d) %9'€h d[ewd) BwpQg uPAwosu
‘%8'8| W PUE %6'(0| dJeway :0qadejgasuodsal Aue ul syusired

SeWa) PUE dBW USIMIDQ © UONEBZIBWLIOU [9MOQ IUddJad |[BISAQ T

50'0=d ‘€'9-50°1 ‘1D ‘€'¥ *HO) %Sp uPAwoau

‘%€ :0qade|d 0qade|d snsuaA upAwoau Swppg Sulaeda. uonendod
JledaA0 Jo) @ (SD Jo uondnpad %(G<) asuodsad [eduld and| g
(100°0=d) uoneziewaou %g GF | 0p UPAWOSU ‘UoneZIEWIOU
%9'EF|'S| :0qade|d 0gade|d snsuaA upAwoau 3ws SulAdad
uone|ndod |[edsA0 o) ) UOREZI[EWLIOU [9MOQ USdJad |[BISAQ T
(50°0>d) uonanpaJ % GFQ'SE UPAWOSU ‘uoldNpal

%E6Fb | | :0993e]d 0gade|d snsuaA upAwoau SwQg BulAleda.
uonejndod |[essno Joj @ uonanpad ($D) 340ds asodwo) *|

(D o uonanpau %05<)
asuodsad [edlulp anuy g
uonezijew.ou

[omoq 3usdJad [[e49AQ T
(uonednsuod pue
‘eay.uelp ‘ured |euiwopgqe)
swoldwAs gg| urew
99442 92 Wouy pale|ndjed

(D) @403s ausodwor °|

oqade|d

3wo0g
upAwoaN

| | | =UelIS3ID
| swoy

01 3uipJodde
sg| pasouselp
yum sauaned
(19) =reway
pue (0S) 2[elW

uonepunoy
areAld

Aq papuny
(oz/61) @009
Jadedsmau

BIA PA3INIODY
6153838
P33uN ‘€00T
“le 39 [3UaWig

875

submit your manuscript

14

International Journal of General Medicine 2021

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

van Kessel et al

‘usw

4O %L°LE PUE S3[RWSY JO %4 9E SullopeXN|S BwiQ| ‘SR JO %|TE
PUE S3[BWS} JO %G°0€ duljopeXn[e SWg/ ‘S9[BW JO %} €T PUB SI[BWS)
JO %|'HT :0qadB|d0gade|d U0 BuljOopeXN|d JO SASOP Y10q SulAIRdRI
SS[BWS} PUE S9[BW USIMIDG O sJopuodsad Aduisisuod [00IS ¢
'%6'8) ‘SO[BWI) JO %08 duljopexn|d SwQQ| ‘sojew

4O %0'SH PUE SS[RWS} JO %69} UIOPEXNa BWS/ ‘SI[RW JO %TTY
PUE S3[BWS} JO %(0’'SH :0qa|d0gade|d U0 Buljopexn[d Jo SISOp Yyaoq

“(100°0>d)

%9°S€E Bwpp| duljopexnje (100°0>d) %0°L€ Bwg/ duljopexnje
%607 ©923e|d :700£-591'(100°0>d) %€ € Bwpp| dulopexnje
‘(800°0=4) %0°0€ :Bwg/ aulopexn|3 %07z 0qadeld :| QOE-SAISIEM?
200€-S91 PUE |00€-SAI Y20q ul 0qade|d snsiaa BwpQ| duljopexnja
UCN MEmN w:__O_uaX:_m _.O wwmo_u r_uOL ;Om @ \Au:wuw_mCOU _00um m
"0=d)
%016 Bwpo| dulopexna (Sy°0=d) %0'8) Bwg, aulopexnja
%€k 0qaded :700€-591(87°0=d) %7 €p BwpQ| dulopexnje
{(0v°0=9) % T Bg, auiopexn|s t%9'6¢ 0qadeld :|00E-Sdl
m_m_.,_u

T00€-Sdl PUB 00€-S4l Y0q ur 0qade|d snsiaa SwQQ| dullopexn|d
pue MEMN [uijopexn|@ vo s9sop yloq LO.« ® c_mn_ _mc_rCOUn_/\ N

(sAep jo %05<

UOLI9314d ASUSISISUOD |00IS
s399W) AdUa)sIsUod |00Ig
*€(%0€< wswaAoadwi)
ured jeuiwiopqy “z(sAep
Swes a3yl uo g> JO 240ds
AdU315ISUOD-|00S B pue

skep a3 jo %05z uo ured

€L =u
(zoog-sal
pue |00€-541)
_um_uj_u:_ w__.m.,_u
O>>._- "BlIR3LID
Il dwoy

03 3uipiodde

Ansnpui
[eannascew.eyd

ays Aq papung

100°0>d ‘%£91 ©9a3¢e|d yaim pa.edwod [eUILLOPQE 3s.JOM .I13Y3 oy 0qade|d a-sal | (0z/£1) aooD

BUIAI923. s3[eWS) PUE SB[BW U2IMIDG O asuodsad ured [eulwopqy ‘T Se pue | 940ds auljaseq 9SEIIAE I3 Swoo| Yam syuaned SJ93URd Y3[eaH
'S9BW JO %|°97 ‘SAeWd} JO %G/ T duljopexn|d SwQ | %0°£T 3w Q| duljopeXn[d ‘%797 :SWw G/ duIljOpeXN|d EIep pajood wouJj %0€< 4O uondnpad suijopexn|3 (zo9l = 17593838

‘S9BW JO %T'G| PUE SSJBWSY JO %G/ | :0GadE|4aul|opEXN|d JO SwQQ| ogoade|d snsuaA 3wigQ |Suljopexn|e pue | € pap.Jodad oym siusned <9 Sw u) 3[ewsay pue pauuN ‘610T
SUIAI9DA. SO[RWD) PUB S3[BW USIMISG O suapuodsad sasodwo) *| Swgy auljopexn|a jo sasop Yioq 4oy @ suapuodsau ausodwo) | | 1) suspuodsad sysodwo)) *| G/ aulopexn|g | (178 = u) 9el “le 33 Aoe
Suipuny

‘A1) ued

‘Juauussasse

Ayenb

(81®) @duaaayip juedyiusis Ajfeonsnels a)dwes pue ‘A13unod

sdnoa3qns ajews) pue sjew USIM)II] SIDUIBPIQ

s193aweaed Adeoyys Arewrad a0y syjnsay

sa93aweaed Adedyy3

uonUIAIIIU|

uone|ndogd

geak Apmig

"(panunuo)) € ajqeL

14

International Journal of General Medicine 2021

submit your manuscript

876

Dove


http://www.dovepress.com
http://www.dovepress.com

van Kessel et al

Dove

(panunuo))

“(8€0 = d) Aouanbauy ured

10 (£1€°0 = d) A1u9Ass ured Jo 5WOINO BY3 UO 1239 OU PRy JBPUID)

uedyiudis 30U ‘(£ 39949) uswiea.-1sod

8y'7 ¥ 88| 03 3usunean-aud 7|7 F €6'F 1IN usunesn-1sod
GS°T F §9°€ 03 3usuneaun-aud deam Jad |¢'| F |G S LWAUO I W
SNSJUaA | |3 BulAldaa uoneindod |jeaaao uoy © uied jo Adusnbaug 7
(#00'0 = d t66'8= d) uondesaUl

awn x dnous juedyiudis Jusuwnes.msod 38 WW €6°ST F 01°9T

03 3usunes.n-aud Ww G €7 F /899 11T Fuswiesnisod ww 07| €
F /9’| 03 3usunea.-aud Ww 75'€7 F9E 19 LW AJUO | |\ SNsJoA
1IW3 8uiaedau uonendod |jeaaAo oy @ ured jo Aususiul SYA °|

ured jo Aduanbauy ‘g

ured jo Asuaiul SYA |

(w3
SSQuUdJEME

|euonows

+ jusuwieaul
[e21paly

(LIW) 3usuneass
[e21paN

0L=u

BLI9IID

Il dwoy

03 3uipaodde
pasouseip sg|
yam sauaned
(pe=v)
S[ewsy pue

(9¢=u) apel

(0z/S1) ¥IvA
o
auaned-anQ

22 Y8 10T
“le 319 weyuieq

(520'0=9) (25'9-9¥°0) 6¥°€ (1D %S56) 2P0 ¢ :2WOINO dANESDU
® 4o J0321pa.d JuedyiuBis B sem Japuas I[EL|YSYAA Y3 UO SWOodINO

(syauow 7| pUe 9 ‘€ I SINBA JO) UBSW dYI YIIM UOISSaISaJ Jeaur]

(100°0 = d) uonoeusul swn Aq Juswaes.s auedIudls

' sem a19y] ‘(7 03 £]-) 8- isyauow 7| ‘(y 03 §|-) 9- syauow

9 “(T1- 03 1€-) IT - syauow g (£ 03 §T-) 9|~ syuow §°| Ajuo gaw
SA 1 g§D+gPW SUBSW Ul 9DUSIRIJAIUOC oW SA gaw+] gD BulAlRdal
uone|ndod |[esaA0 U0y uondesalul Juswaeaa Aq swn @ .dg4-SD 'S
(10°0 = d) uonseusul swn Aq Juswneasd JUBDYIUSIS B SEM 43Y |
(€57 93 9% 17) 476 syauow | (9°8- 03 H'€T-) 0°9 |- syuow 9 (¢°L-
01 §'G€-) 9°9- SYpUOW € ‘(0 03 L'€-) 0°TE- Syuow | :Ajuo gaw
SA ] §D+gPW SUBSW Ul 9DURIHIAIUC oW SA gaw+] gD BulAlRdal
uonejndod |[eJaA0 U0} uondeIRIUl JUSWIERAY Aq dwn @D Sd|-Sd b
(€00 = d) uonoeumaul JuswWIELA Aq SWN JuBDYIUSIS B SEM DU9Y |
(0 03 TS) 8T syuow 7| (L0 03 1'p7) £'1- sypuow 9 (9T

03 G'/-) 0'S- Syauow ¢ (8'|- 03 $'9-) |'p- :Syauow g'| :Ajuo gaw
SA | gD+goW sueawW ul ddudJaylq A|uo qaw sA gaw+ | gD SulAledal
uone|ndod |[edaA0 J0j UORDEIIUI JUSWIRDIY AQ SWN D VSVYAA €
(170 = d) uondeusiul swn Aq

JUBWIIEBA] JUBDYIUSIS OU SeM 343y ] A|UO gawl SA gaw+ | gD SuIARda.
uone|ndod |[esaAo oy uopdeIIUl JUSUWIES.Y Aq BWNR © SAVH T
*1000°0>d uonoeusul swn Aq Juswaes.s Juedyiudis “(0F 03 §¢-)

€ 'syauow 7| ‘(€7 03 1§-) ¥1- sypuow 9 (z€- 03 601-) 1£- syauow
€ “(T€- 03 $01-) 89- SYaUOW G'| :AJUO gaW SA | §D+qaW suedwW

Ul 92URIRYIJSYIUOW € PUE G| I AJUO QO SA GaW+ | gD BulAledal

uonendod |[esaAo oy uondetRlul JUsUWIES] A BWN @ SSS'|

«d494-SD 'S
<S9I-S9 ¥
eVSVM '€
«SAVH T

«SSS I

Adeaayy oN
19D jo suoissas
9 + 3w/t
SULISARGR

3w/
auLIBARGRL

S€T=UdD
RICTT NG
Buipaodoe gg|
Yam sasouselp
sjuaned

(z61) aewsy
pue (gy) alel

(0z/91) acoo
aJed AJewld

m_.c._oﬁmc_v_
P33UN ‘900
“le 32 Apauuay

877

submit your manuscript

14

International Journal of General Medicine 2021

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

van Kessel et al

‘siopulwa. 331dsap uan8 sem asuodsau ou Ajreuniiolun fasuodsal Jo pooyijay| syl uo eIep Joj paydeosdde auem sioyny, "2403G JUBWISNIPY [BIDOS PUE JIOA VSYAA B[EDS anS0JRUY [ENSIA ‘SYA (2.100s A1LI9ASS
wordwis ‘sSS ‘1] Jo Ajenb IO Busuines.l [BIIPAW ] || 9[edS A31IaASS WoldWAS Sg| ‘SSS-Sq| ‘9[eds uoissaudeq pue Aeixuy [eadsoH ‘SQYH {02030.1d SSOUSIBME [BUOIIOWS + JUSWIES.] [BIIPW | ] {SISP.IOSIQ [9MOg [euonduny 1oy
3eag aAniuBoD ‘QgdsD Adetay [eanoiaeyaq aAnIUBOd ‘| D) DUICIPUAS [2MOQq 3|qEILLIL JO) 3[eIS JOIARY3g ‘Sg|-Sg (9[EdS WIO4 [001S [0ISHg ‘SSE USGIOSPE UOgJed [ed1iayds ‘| Sy 2oueuOsal dnduSew Jeajanu uolod YN H,. SION

($9€°0- PUR £97°0- senjea D) senijiqesdipa.d Jood u dunjnsad
‘S|0J3UOD WO BISS S[BW paJalsiulwpe-oqade|d pue pa.sisiuiwpe

-5n01qo.d d3eujWIIdSIP O 3|GBUN BU3M S|PPOW Y-STdO SO

"uone.ISIUIWPE soRoIqo.Id J3E S|oAs| 950oN|3

Ul S9SED.1D9P PUE S[9A3] 91BIDE| Ul SOSBI.IDUI P)|IBW PIMOYS B.2ads YN
H1 winues uewny jo uondadsul [ensiA Sulyoad djoqersw YWN H | 'L
(yzzr0=d) 10 sonoiqoud ‘c7'0 0gaded :Hyeam g syeam g Jsye ogade|d
sns.aA sonoiqo.d Suiaiedaa uonendod [[edano Joj © Adus1sisuod [00IS g
(01%0°0=d) §'|- sonoiqo.d ‘g'0 0qade(d :syoam gsPam g Isye ogade|d
snsJaA sonolqo.d Sulaedad uonendod |[essAo Joy @ Adusnbauy joois °g
(#1€0°0=d) I'0¢- son0IG0Id ‘€°9|- 0gadEd :HPaM 8 (1| '0=d)

6'L7- s2noiqo.d ‘g’ |- :0qade|d :$}oaM § $HI99M g I93ye 0qade|d SNSIsA
sonoiqo.d 8uiaieda. uonejndod |jedano oy @ 1ojwodsip uonesseq b
(2¢1°0=d) 1’9z~ sanoigoud ‘6°g |- 0gaded :Hjoam

8 :(71'0=4) 6’47~ sonoiqoud ‘€f |- :0qode|d :$HP9M  SHOIM g pUE §; IS
0gade|d snsuaA sonolqoud Sulaleda. uonendod |[easAo Joy © Suneolg ¢
(§1°0=d) §'6z- son0Ig0Id ‘g'g |- 0gadEd :SH9aM g H(55'0=d)

09Z- s2noiqo.d ‘Q'Zz- :0qade|d oM § $HIP9M g PUE } Jaye ogadeld

so|dwes

[e29) pue wnJas jo Sulyo.d
dloqeIdW HIWN H, 'L
AduUd3sISUOD |00IS 9
Aduanbauy [003g g
1J0jwodsIp uoneddyeq b

Suneoig ‘¢

ogade|d(siaaig
sn||1oeqooe]
pue ‘sn3uo|

wnii912BqOpHYIg

€/=u

elI9ILID

11| Swoy o3
Buipaodoe gg|

Yaim pasouselp

sdnoa3qns sjewsy pue ajew USIMII] SPdUIRPIQ

saa3owreaed Ad>ediyyo Asewiad Joy syjnsoy

saa3owreaed A>ediyg

uoUdAIIU|

uone|ndog

(6£7°0=70 ‘€6£°0=ATY ‘958'0=XT) uonessiuiwpe snsJaA sonoiqoad SulAldaa uonendod |eusAo Joy © ured [euiwopqy 7 ured jeulwopqy ‘7 ‘ds syuened | (07/81) AOOD
so1101qo.d U3y pUB 910j9q BJSS S[BWD) JO UONEBIUIIYIP (£1700=d) 9°58- sonoiqo.d ‘¢’ | g- ogade(d :syeam 8 (f | | '0=d) (3J0jwodsIp uonedvep pue snjjoeqoIde) (15=u) | sJed> Arepuodsg
uedliudis smoys 30[de.0ds yJ-S1dO 9YL :SS[eWaysdew ul 3ou 6'8/- sonoiqoud ‘g'gg- 0qade|d :$yeam S 9aM g Ja)ye 0gade(d snsuoA 8uneo|q ‘ured [eulwopgqe) A 34ny3ox S|ewsy pue 42 840N ‘10T
‘sa[eway ul uonenua.ayip auedyusis @ Suiyoud dljoqersw YWN H, | soroiqoud Buiaiedas uoneindod |[e4aA0 4oy @ s3.409s woldwis Jo wing *| s3.402s woadwiAs jo wng °| Jn0iqo.d (zz=Y) 3RW “le 39 8uoH
0qgade|d snsuaA 07| -LSY SulAlea. uonendod |lesano
404 © 5459 1OD-S8I ‘SAVH ! [290I3 Yaim 5333lqns jo uonodoud 4 Sli=u
(£00°0=d) Wwg'| | :0T1-LSV ‘WWT'T :0997ed}, SPIM PUE T 5j99M LIS
e 0gode|d sNsUaA (07 |-L SV Sulaiedau uonejndod |easno Joy @ Suneolq ‘¢ 5459 . 100-s4I swoy
ogeoed .SAVH ‘124 [eqo[S yam o1 Suipaodde
SNSJ9A 07| -LSY SulAeda4 uonendod |[eaA0 oy © AILIsASS uled T s303[gns jo uonuodo.d 4 pasouselp
(auedyiuBis 0u) %1€ (0T 1-LSY ‘%b'ST Supeolg "¢ o-sal | (owel) 00D
ogoade|d :g deam ‘(670°0=4d) %8'9T :0T1-LSV ‘%T°0] ©g3e|d i}y 9N JSTNEYCLRL N 4 Yyam syusned 597838
q ‘(umoys "8 599M 18 © ‘p oaM 38 0qade(d SNSUsA 0T |-LSY (uononpau 0gade|d (g2) oleway paaun ‘1 10T
10U B1EP) JUSpUdap-Iapuas 10U sem asuodsad jo pooyil 3y | Sulaiedau uonendod |jedsao Joy @ (Uondnpad %0g) SAep 2a.j-uied °| %0S) SAep 2auj-ureq °| sp3 37 0T1-LSY pue (zp) 3eW “[e 39 de]
Buipuny
‘A1) aed
‘Juauwussasse
£fypenb
(©1@) @duaaayip 3uedyiudis Ajfeonsneis ajdwes pue ‘A13unod

aeak Apmyg

"(panunuo)) € a1qeL

14

International Journal of General Medicine 2021

submit your manuscript

878

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

van Kessel et al

Table 4 Descriptions of Studied Pharmaceutical Interventions

Pharmaceutical | Description Used in Article

Agent

Ibodutant A selective neurokinin-2 (NK2) receptor antagonist. Tack et al'®

Neomycin An aminoglycoside antibiotic. Pimentel et al'’

Crofelemer Inhibits cAMP-mediated chloride ion secretion in Caco-2 and T84 cells, and therefore has Mangel et al?®
antisecretory activity.

Eluxadoline A mixed p- and k-opioid receptor agonist and 3-opioid receptor antagonist, that acts locally in the | Lacy et al*'
enteric nervous system, possibly decreasing adverse effects on the central nervous system.

Renzapide A benzamide derivative with not only 5-HT4 receptor full agonist properties, but also 5-HT3 George et al'*
receptor antagonist properties.

Ramosetron A potent and selective synthetic 5-HT 3 receptor antagonist. Matsueda et al'®

hydrochloride

Alosetron A potent, highly selective 5-HT3 receptor antagonist. Bardhan et al."”

Canmilleri et al.'®

Table 5 Descriptions of Studied Psychological and Alternative Interventions

Psychological Description

Intervention

Used in
Article

CGT Cognitive behavioral therapy: a talking therapy that can help you manage your problems by changing the | Kennedy et al.'?
way you think and behave.
EMT Emotional awareness training in addition to medical treatment: a method of increasing the level of Farnam et al.?

conscious awareness of emotions in patients with IBS.

Alternative Interventions

AST-120

Spherical carbon adsorbent is a non-absorbed, carbon-based adsorbent with adsorbing capability for

histamine, serotonin and other substances implicated in IBS pathogenesis.

Tack et al.??

Probiotic Yoghurt

Fermented milk containing 4x10” colony forming units of Lactobacillus sp. HY7801, Bifidobacterium
Milk longum HY8004, and Lactobacillus brevis HY7401.

Hong et al.2*

while no improvement occurred in men. There was also a
significant improvement of stool consistency, relief of
overall symptoms and relief of abdominal pain in female
participants. All of these outcomes did not reach signifi-
cance in male participants. If we look at the entire popula-
tion (ie, all men and women together), no significant
difference in effectiveness of ibodutant compared to pla-
cebo is seen. The study was rated good (20/20).

Neomycin

Pimentel et al studied whether a significant reduction of
IBS
neomycin.
patients had a significant improvement of their IBS-symp-

symptoms is observed in patients receiving
' Both male and female neomycin-treated

toms versus placebo, with no significant difference in

improvement between the sexes. The study was rated
good (19/20).

Crofelemer

Mangel et al concluded that female IBS-D patients receiv-
ing 500mg crofelemer reported an improvement of 16%
increase in pain- and discomfort-free days over that seen
in placebo.?’ No benefit was seen in male IBS-D patients.
The study was rated good (18/20).

Eluxadoline

The study by Lacy et al demonstrated that the total
group of patients, male and female, receiving eluxado-
line instead of placebo, had 10% more composite
responders (ie, patients who recorded a reduction of
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>30% from their average baseline score for their worst
abdominal pain on >50% of the days and a stool-con-
sistency score of <5 on the same days), which was a
significant improvement.?' Male and female patients did
not differ in outcomes, nor did eluxadoline influence
stool consistency significantly in either sex. The study
was rated as good (16/20).

Psychological Interventions

Table 5 displays the non-pharmaceutical interventions,
sub-grouped into psychological and alternative interven-
tions and ordered by their quality assessment score.

Cognitive Behavioral Therapy (CBT)

In the study by Kennedy et al, groups received either
mebeverine and six sessions of CBT, or mebeverine
alone. Men reported to feel more disabled in their
work and social life because of their IBS symptoms.
On other outcomes, no sex-gender impact was men-
tioned. The overall population showed significant
improvement of their symptoms, the longer they had
received CBT."® The study was rated good in quality

assessment (17/20).

Emotional Awareness Protocol

In the study by Farnam et al, regular medical IBS treat-
ment was compared to medical treatment with additional
emotional awareness training. Gender did not have an
impact on the outcome of pain severity or pain frequency.
Pain severity decreased significantly the longer patients
received additional emotional awareness training; for
pain frequency, no significant improvement was seen in
the intention-to-treat analysis.”> The study was rated fair
(15/20).

Alternative Interventions

Spherical Carbon Adsorbent —120 (AST-120)

The study by Tack et al reported that the significant
reduction of pain-free days (50% reduction) for the
overall study population receiving AS7-120 versus pla-
cebo was not gender-dependent.”® The study was rated
good (20/20).

Probiotic Yoghurt Milk

Hong et al reported no gender differences in IBS symp-
toms before or after administration of probiotics. Sum of
scores on abdominal pain, bloating and defecation dis-
comfort showed significant improvement in the overall

population after 8 weeks.”* The study was rated good
(18/20).

Discussion
Gender Differences in Effect of

Intervention

As five out of 12 RCTs found a significant difference
between men and women in at least one of their measured
outcomes, gender clearly matters in the effectiveness of
IBS treatment. Of the investigated pharmaceutical inter-
ventions, ibodutant and crofelemer have a better effect in
women with IBS-D symptoms than in men. Of the sero-
tonin antagonists, alosetron has a positive effect on
women with IBS-M or IBS-D but demonstrates no effect
in men. Men show significantly worse outcomes when
cognitive behavioral therapy is added to medical treat-
ment. All of the other RCTs but one show an equal
positive effect in men and women. The administration of
probiotics has no significant effect whatsoever.

Finally, our study demonstrates the importance of sex-
disaggregated data collection (separated for women and
men) because the positive influence of treatments for
either men or women would otherwise be missed. This
does not only apply to IBS but to many — if not all — other
diseases. If we take a look at the current COVID-19
pandemic, for example, mortality and morbidity data
show that women are faring better than men in terms of
severity of disease course, likelihood of hospitalization
and risk of death.?®> Ultimately, the hope is that this seg-
regated data analysis could also lead to other therapeutic
choices for IBS between men and women. Today, surveys
already show a difference in lifestyle changes and dietary
suggestions. They were more frequently prescribed in
males than in females.?® Currently, alosetron is only regis-
tered for women and ramosetron only for men with severe
IBS-D. Based on this review, we can support that alose-
tron is only effective in women, but ramosetron appears to
have equally positive effects in women based on the stu-
dies we reviewed. This highlights the importance of con-
tinuing to investigate and report differences between men
and women in the effectiveness of a treatment. In this way,
doctors can make the most considered possible decision
for a tailor-made treatment.

Interpretation
To explain the demonstrated differences between men and
women in the effectiveness of IBS treatment, we have to
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consider several components that could be affected by sex
and gender. First, there is a physiological sex-related com-
ponent. Studies have shown differences between men and
women in the effects of sex hormones, most importantly
estrogen and progesterone, on bowel function, gastroin-
testinal transit time, the processing of pain stimuli in the
central nervous system and visceral sensitivity of the gut,
differences and

as well as in pharmacodynamics

pharmacokinetics.*®  Second, sex-gender differences
related to bowel function or pain processing may also
play a role, such as stress processing and the neuroendo-
crine or autonomic nervous system. However, the specific
link between gut motility or sensitivity and these factors
has not yet been clarified. Third, gender differences in
psychological factors can also play a role, such as anxiety
and depression, a history of (sexual) abuse or the tendency

to somatization.®

Pharmaceutical Interventions
In the pharmaceutical group, there are three drugs that
demonstrate a more positive effect on women than on
men. The greater effect of ibodutant could indicate differ-
ences between men and women in the pathophysiology of
IBS-D, or differences between men and women in neuro-
kinin-2 receptor expression and sensitivity. No difference
in plasma levels or volume of distribution was found in
previous pharmacokinetic studies with colon models.*’
Faster breakdown by men, therefore, does not explain the
difference, and a higher dose would not solve this lack of
effect. The effect of crofelemer on IBS has hardly been
investigated. In the only other study investigating crofele-
mer, only women with IBS-D were included and crofele-
mer did not significantly improve abdominal pain over
placebo, nor did it improve the number of pain-free days.*®
Further research, therefore, needs to be done to determine
any effect of crofelemer on IBS. As regards IBS treatment
with neomycin, our study shows significant improvement
of IBS symptoms in both male and female patients. As the
female gender is associated with Small Intestine Bacterial
Overgrowth (SIBO), which in turn is thought to cause IBS
symptoms, it seems plausible that women would find
greater benefit in treatment targeting SIBO, such as
antibiotics.”” However, it is difficult to correctly diagnose
SIBO. Therefore, caution must be exercised when drawing
conclusions about SIBO, and further research must be
conducted.

With regard to serotonin antagonists, alosetron is the
only approved S5HT-3 receptor antagonist and is it

approved only for severe IBS-D in females as the effect
has not been confirmed in males. Reasons to explain these
observations include sex-related differences in SHT-3
receptor expression, lower alosetron clearance in women
and/or greater SHT synthesis under the influence of alose-
tron in certain brain regions in male compared with female
IBS patients.*® Chang and Heitkemper suggest that possi-
ble factors that influence sex-gender differences are bio-
behavioral responses to stress, the menstrual and hormonal
cycle and different roles and emotions between men and
women, resulting in a variety of physiological and clinical
responses.’ How these factors influence the response to the
SHT-3 receptor antagonist in men and women is not yet
clear. Furthermore, ramosetron only works on peripheral
tissues, whereas alosetron is reported to be transferred to
the brain. It can be suggested that this difference in the site
of action between alosetron and ramosetron contributes to
the gender-related differences in responses to SHT-3
receptor antagonists. However, further study is needed to
ascertain the possibility that sex-gender differences such as
site of action, menstrual and hormonal cycle and different
roles and emotions between men and women are crucial
factors in the response to (pharmaceutical) treatment.

Psychological Interventions
As IBS is considered a functional syndrome, somatization
is an essential factor. Somatization can be described as the
tendency to express psychological problems in somatic
biological rather than emotional ways. A personality trait
more commonly seen in somatizing patients is alexithy-
mia, which is expressed as difficulty experiencing, expres-
sing and describing emotional responses, and which is
more common in men than women.>'? By training emo-
tional awareness, an attempt is made to create awareness,
to reduce internalization of emotions and to deal with
psychological stress in a different way. As alexithymia is
more prevalent in men than in women, the effect of emo-
tional awareness training would be expected to be greater
in men. That this is not the case in the study by Farnam
et al may be due to the fact that the personality trait of
alexithymia is more common in patients with IBS
anyway.’” Another explanation is that men do not neces-
sarily have more difficulty with the recognition and aware-
ness of emotions, but rather with their expression.*® As
emotional awareness training does not cover this, it will
not have the expected impact.

The only described difference between men and
women after CBT treatment was the score for work and
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social adjustment, expressing how disabling IBS symp-
toms are in work and private activities. Male gender is a
significant predictor of a poor outcome on this score,
meaning men feel more disabled in their work and social
life because of their IBS symptoms. One of the reasons for
this might be that men experience diarrhea more often as
their main symptom,” which may be more bothersome in a
work environment than constipation. The fact that no other
differences are found between men and women receiving
CBT is noteworthy as previous studies into the effect of
CBT have shown women to report higher commitment to
and stronger belief in the helpfulness of therapy.®*

Alternative Interventions

The response to AST-120 was reported not to be gender-
dependent. This is noteworthy because AS7-120 absorbs
mast cell-derived mediators and thus prevents sensitization
of nociceptors in the intestinal mucosa, reducing abdom-
inal pain and discomfort.*®> As an increased level of mast
cells is observed in female patients with IBS, it would
seem rational to expect 4S7-120 to have a more positive
effect in women than in men.*® It would be interesting for
future research, therefore, to focus on why this more
positive effect for women is not found. In a probiotics
study, only differences in '"H NMR metabolic profiling of
serum and fecal samples were analyzed separately for men
and women, without elaborating on gender differences in
IBS symptoms. It would be interesting, though, to examine
whether this is the case, since, as we said before, the
female gender is associated with SIBO and might experi-
ence a more positive effect from probiotics targeting this
overgrowth. Recent studies into probiotics with different
Lactobacillus species show that female subjects, particu-
larly of the IBS-D subtype, have good response in terms of
stool frequency and consistency, and show improvement
of symptoms and quality of life.”’”

Strengths and Limitations

In this article, we have chosen to only look at articles that
have included both men and women. We have therefore
not discussed any articles that found a (beneficial) effect in
one of the sexes, but did not look at the effect in the other
sex. We also excluded studies in which both men and
women were included, but in which the data were not
analyzed in a segregated manner. This rules out many
studies (RCTs), which immediately reveals part of the
problem for which this article aims to raise awareness:

often insufficient attention is paid to gender as an influen-
cing factor on the effectiveness of treatment.

In general, most studies included a small sample size of
male IBS patients. Although the total sample size had
enough power as required by the quality assessment criter-
ion, some studies report that the male subgroup is too small
to draw conclusions about the effect on men. Due to this
lack of power for the male subgroups, chances of finding
significant differences between the intervention and the
placebo are small, leaving a blind spot, therefore, in the
treatment effectiveness in men with IBS. This warrants a
cautious interpretation of the observed results. The risk of
publication bias and incomplete literature retrieval cannot
be completely ruled out. We have sought to mitigate this
risk with a broad search strategy. We have decided not to
include separate terms in our search strategy for the differ-
ent subtypes of IBS. We do not expect to have missed any
studies, because these will also fall under the umbrella term,
but of this, we cannot be completely certain. It is also
important to note that most studies were subsidized and
executed by the pharmaceutical company that also produces
the drug.'>'¢1829-21.33 Research shows that studies spon-
sored by pharmaceutical companies are more likely to find
outcomes that benefit the sponsor than studies that are not
and that there is a significant publication bias for such
studies.®® Such pharmaceutical funding should be kept in
mind when interpreting the observed results.

In addition, we searched meta-analyses for randomized
controlled trials we might have missed. The strengths of
this study are its inclusion of randomized controlled trials
only and its rigorous quality assessment procedure, ensur-
ing the best possible quality of the included trials.

In the case of IBS, future research can be conducted to
explore possible gender differences in pro- or antibiotics,
and head-to-head trials comparing different types of SHT-3
antagonists should be conducted to assess possible differ-
ences in effectiveness and tolerability and the underlying
mechanism of mast cells and possible therapeutic options.

Conclusion

The main conclusion of our study is to emphasize that the
sex-gender factor can be a determining one in the effective-
ness of IBS treatment. Our study shows that differences in
responsiveness can be so great that, while the entire popula-
tion shows no significant improvement, a subgroup of male
or female patients does. Future research into IBS treatments
should not only segregate on the basis of sex, but also on the
basis of IBS subtype within sex, so that no bias can arise.
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This way firmer recommendations can be made concerning
treatment. Due to the limited number of studies per treatment
option, and because some studies included all types of IBS,
no strong recommendations can be made on the choice of
treatment in this review. The fact that only a limited number
of studies remained, due to the limited number of studies
looking at gender differences per drug, immediately reveals
part of the problem for which this article aims to raise
awareness: often insufficient attention is paid to gender as
an influencing, maybe even determining factor, on the effec-
tiveness of treatment.

Drawing a broader conclusion, we propose that an
adequate number of men and women should always be
included in future research. In order to ensure the relia-
bility and assess the potential health benefits and risks for
both men and women regarding risk factors, disease man-
agement, treatment and side effects, patients should be
included in studies and data should be analyzed and
described on the basis of sex.

Acknowledgments

The authors would like to thank Mrs. Yang, information
specialist at the Radboud University Medical Centre
Nijmegen in the Netherlands, for her contribution in devel-
oping the search strategy. We would also like to thank Mr.
J. Wijma, medical student at the RadboudUMC Nijmegen,
for his contribution to the quality assessment procedure.

Funding
The authors received no financial support for the research,
authorship and/or publication of this article.

Disclosure

The authors declare no potential conflicts of interest with
respect to the research, authorship and/or publication of
this article.

References

1. Canavan C, West J, Card T. The epidemiology of irritable bowel
syndrome. Clin Epidemiol. 2014;6:71-80. doi:10.2147/CLEP.S40245

2. Chey WD, Kurlander J, Eswaran S. Irritable bowel syndrome: a
clinical review. JAMA. 2015;313(9):949-958. doi:10.1001/jama.2015.
0954

3. Drossman DA, Camilleri M, Mayer EA, Whitehead WE. AGA tech-
nical review on irritable bowel syndrome. Gastroenterology. 2002;123
(6):2108-2131.

4. Kim YS, Kim N. Sex-gender differences in irritable bowel syndrome.
J Neurogastroenterol Motil. 2018;24(4):544-558. doi:10.5056/jnm
18082

10.

11

20.

21.

. Lee OY, Mayer EA, Schmulson M, Chang L, Naliboff B. Gender-

related differences in IBS symptoms. Am J Gastroenterol. 2001;96
(7):2184-2193. doi:10.1111/j.1572-0241.2001.03961.x

. Chang L, Heitkemper MM. Gender differences in irritable bowel

syndrome. Gastroenterology. 2002;123(5):1686—1701. doi:10.1053/
gast.2002.36603

. Vemuri R, Sylvia KE, Klein SL, et al. The microgenderome revealed:

sex differences in bidirectional interactions between the microbiota,
hormones, immunity and disease susceptibility. Semin Immunopathol.
2019;41(2):265-275. doi:10.1007/s00281-018-0716-7

. Soldin OP, Mattison DR. Sex differences in pharmacokinetics and

pharmacodynamics. Clin  Pharmacokinet.
doi:10.2165/00003088-200948030-00001

2009;48(3):143-157.

. Hungin AP, Chang L, Locke GR, Dennis EH, Barghout V. Irritable

bowel syndrome in the United States: prevalence, symptom patterns
and impact. Aliment Pharmacol Ther. 2005;21(11):1365-1375.
doi:10.1111/j.1365-2036.2005.02463 x

Lagro-Janssen T. Gender, equality and medicine 2013:48.

.NIoH N. Quality assessment of controlled intervention studies.

Systematic evidence reviews and clinical practice guidelines; 2014.
Available from: www.nhlbi.nih.gov/health-topics/study-quality-assess
ment-tools. Accessed February 6, 2021.

. Higgins JP, Altman DG, Getzsche PC, et al. The cochrane collabora-

tion’s tool for assessing risk of bias in randomised trials. BMJ.
2011;343(oct18 2):d5928. doi:10.1136/bmj.d5928

. Kennedy TM, Chalder T, McCrone P, et al. Cognitive behavioural

therapy in addition to antispasmodic therapy for irritable bowel
syndrome in primary care: randomised controlled trial. Health
Technol Assess. 2006;10(19):iii—iv, ix—x, 1-67. doi:10.3310/

htal0190

. George AM, Meyers NL, Hickling RI. Clinical trial: renzapride

therapy for constipation-predominant irritable bowel syndrome-mul-
ticentre, randomized, placebo-controlled, double-blind study in pri-
mary healthcare setting. Aliment Pharmacol Ther. 2008;27(9):830—
837. doi:10.1111/j.1365-2036.2008.03649.x

. Matsueda K, Harasawa S, Hongo M, Hiwatashi N, Sasaki D. A Phase

1I trial of the novel serotonin type 3 receptor antagonist ramosetron in
Japanese male and female patients with diarrhea-predominant irrita-
ble bowel syndrome. Digestion. 2008;77(3—4):225-235. doi:10.1159/
000150632

. Camilleri M, Mayer EA, Drossman DA, et al. Improvement in pain

and bowel function in female irritable bowel patients with alosetron,
a 5-HT3 receptor antagonist. Aliment Pharmacol Ther. 1999;13
(9):1149-1159. doi:10.1046/j.1365-2036.1999.00610.x

. Bardhan KD, Bodemar G, Geldof H, et al. A double-blind, rando-

mized, placebo-controlled dose-ranging study to evaluate the efficacy
of alosetron in the treatment of irritable bowel syndrome. Aliment
Pharmacol Ther. 2000;14(1):23-34. doi:10.1046/j.1365-2036.2000.
00684.x

. Tack J, Schumacher K, Tonini G, Scartoni S, Capriati A, Maggi CA.

The neurokinin-2 receptor antagonist ibodutant improves overall
symptoms, abdominal pain and stool pattern in female patients in a
phase II study of diarrhoea-predominant IBS. Gut. 2017;66(8):1403—
1413. doi:10.1136/gutjnl-2015-310683

. Pimentel M, Chow EJ, Lin HC. Normalization of lactulose breath

testing correlates with symptom improvement in irritable bowel syn-
drome. A double-blind, randomized, placebo-controlled study. Am J
Gastroenterol. 2003;98(2):412-419. doi:10.1111/j.1572-0241.2003.
07234.x

Mangel AW, Chaturvedi P. Evaluation of crofelemer in the treatment
of diarrhea-predominant irritable bowel syndrome patients.
Digestion. 2008;78(4):180-186. doi:10.1159/000185719

Lacy BE, Harris LA, Chang L, et al. Impact of patient and disease
characteristics on the efficacy and safety of eluxadoline for IBS-D: a
subgroup analysis of Phase III trials. Therap Adv Gastroenterol.
2019;12:1756284819841290. doi:10.1177/1756284819841290

International Journal of General Medicine 2021:14

submit your manuscript

883

Dove


https://doi.org/10.2147/CLEP.S40245
https://doi.org/10.1001/jama.2015.0954
https://doi.org/10.1001/jama.2015.0954
https://doi.org/10.5056/jnm18082
https://doi.org/10.5056/jnm18082
https://doi.org/10.1111/j.1572-0241.2001.03961.x
https://doi.org/10.1053/gast.2002.36603
https://doi.org/10.1053/gast.2002.36603
https://doi.org/10.1007/s00281-018-0716-7
https://doi.org/10.2165/00003088-200948030-00001
https://doi.org/10.1111/j.1365-2036.2005.02463.x
http://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
http://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.3310/hta10190
https://doi.org/10.3310/hta10190
https://doi.org/10.1111/j.1365-2036.2008.03649.x
https://doi.org/10.1159/000150632
https://doi.org/10.1159/000150632
https://doi.org/10.1046/j.1365-2036.1999.00610.x
https://doi.org/10.1046/j.1365-2036.2000.00684.x
https://doi.org/10.1046/j.1365-2036.2000.00684.x
https://doi.org/10.1136/gutjnl-2015-310683
https://doi.org/10.1111/j.1572-0241.2003.07234.x
https://doi.org/10.1111/j.1572-0241.2003.07234.x
https://doi.org/10.1159/000185719
https://doi.org/10.1177/1756284819841290
http://www.dovepress.com
http://www.dovepress.com

van Kessel et al

Dove

22.

23.

24.

25.

26.

217.

28.

29.

30.

Farnam A, Somi MH, Farhang S, Mahdavi N, Ali Besharat M. The
therapeutic effect of adding emotional awareness training to standard
medical treatment for irritable bowel syndrome: a randomized clin-
ical trial. J Psychiatr Pract. 2014;20(1):3-11. doi:10.1097/01.pra.00
00442934.38704.3a

Tack JF, Miner PB, Fischer L, Harris MS. Randomised clinical trial:
the safety and efficacy of AST-120 in non-constipating irritable
bowel syndrome - a double-blind, placebo-controlled study. Aliment
Pharmacol Ther. 2011;34(8):868-877. doi:10.1111/j.1365-2036.20
11.04818.x

Hong YS, Hong KS, Park MH, et al. Metabonomic understanding of
probiotic effects in humans with irritable bowel syndrome. J Clin
Gastroenterol. 2011;45(5):415-425. doi:10.1097/MCG.0b013e3182
07f76¢

Womersley K, Ripullone K, Peters SA, Woodward M. Covid-19:
male disadvantage highlights the importance of sex disaggregated
data. BMJ. 2020;370:m2870. doi:10.1136/bm;j.m2870

Bellini M, Usai-Satta P, Bove A, et al. Chronic constipation diagnosis
and treatment evaluation: the “CHRO.CO.DLT.E.” study. BMC
Gastroenterol. 2017;17(1):11. doi:10.1186/s12876-016-0556-7
Bellucci F, Buéno L, Bugianesi R, et al. Gender-related differential
effect of tachykinin NK2 receptor-mediated visceral hyperalgesia in
guinea pig colon. Br J Pharmacol. 2016;173(8):1329-1338. doi:10.
1111/bph.13427

Nee J, Salley K, Ludwig AG, et al. Randomized clinical trial: crofe-
lemer treatment in women with diarrhea-predominant irritable bowel
syndrome. Clin Transl Gastroenterol. 2019;10(12):e00110. doi:10.14
309/ctg.0000000000000110

Ghoshal UC, Shukla R, Ghoshal U. Small intestinal bacterial over-
growth and irritable bowel syndrome: a bridge between functional
organic dichotomy. Gut Liver. 2017;11(2):196-208. doi:10.5009/
gnl16126

Mulak A, Taché Y. Sex difference in irritable bowel syndrome: do
gonadal hormones play a role? Gastroenterol Pol. 2010;17(2):89-97.

International Journal of General Medicine

Publish your work in this journal

The International Journal of General Medicine is an international,
peer-reviewed open-access journal that focuses on general and
internal medicine, pathogenesis, epidemiology, diagnosis, moni-
toring and treatment protocols. The journal is characterized by the
rapid reporting of reviews, original research and clinical studies

3

—_

32.

33.

34.

35

36.

37.

38.

. Mattila AK, Kronholm E, Jula A, et al. Alexithymia and somatization

in general population. Psychosom Med. 2008;70(6):716-722. doi:10.
1097/PSY.0b013e31816ffc39

Steinweg DL, Dallas AP, Rea WS. Fibromyalgia: unspeakable suffer-
ing, a prevalence study of alexithymia. Psychosomatics. 2011;52
(3):255-262. doi:10.1016/j.psym.2010.12.022

Salminen JK, Saarijarvi S, Adreld E, Toikka T, Kauhanen J.
Prevalence of alexithymia and its association with sociodemographic
variables in the general population of finland. J Psychosom Res.
1999;46(1):75-82. doi:10.1016/S0022-3999(98)00053-1

Brown LA, Wiley JF, Wolitzky-Taylor K, et al. Changes in self-
efficacy and outcome expectancy as predictors of anxiety outcomes
from the CALM study. Depress Anxiety. 2014;31(8):678—689.
doi:10.1002/da.22256

. Mosinska P, Storr M, Fichna J. The role of AST-120 and protein-

bound uremic toxins in irritable bowel syndrome: a therapeutic per-
spective. Therap Adv Gastroenterol. 2015;8(5):278-284. doi:10.11
77/1756283X15587866

Barbara G, Stanghellini V, De Giorgio R, et al. Activated mast cells
in proximity to colonic nerves correlate with abdominal pain in
irritable bowel syndrome. Gastroenterology. 2004;126(3):693-702.
doi:10.1053/j.gastro.2003.11.055

Preston K, Krumian R, Hattner J, de Montigny D, Stewart M,
Gaddam S. Lactobacillus acidophilus CL1285, Lactobacillus casei
LBCS80R and Lactobacillus rhamnosus CLR2 improve quality-of-
life and IBS symptoms: a double-blind, randomised, placebo-con-
trolled study. Benef Microbes. 2018;9(5):697-706. doi:10.3920/BM
2017.0105

Lexchin J, Bero LA, Djulbegovic B, Clark O. Pharmaceutical indus-
try sponsorship and research outcome and quality: systematic review.
BMJ. 2003;326(7400):1167. doi:10.1136/bmj.326.7400.1167

Dove

across all disease areas. The manuscript management system is
completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

884

submit your manuscript

Dove

International Journal of General Medicine 2021:14


https://doi.org/10.1097/01.pra.0000442934.38704.3a
https://doi.org/10.1097/01.pra.0000442934.38704.3a
https://doi.org/10.1111/j.1365-2036.2011.04818.x
https://doi.org/10.1111/j.1365-2036.2011.04818.x
https://doi.org/10.1097/MCG.0b013e318207f76c
https://doi.org/10.1097/MCG.0b013e318207f76c
https://doi.org/10.1136/bmj.m2870
https://doi.org/10.1186/s12876-016-0556-7
https://doi.org/10.1111/bph.13427
https://doi.org/10.1111/bph.13427
https://doi.org/10.14309/ctg.0000000000000110
https://doi.org/10.14309/ctg.0000000000000110
https://doi.org/10.5009/gnl16126
https://doi.org/10.5009/gnl16126
https://doi.org/10.1097/PSY.0b013e31816ffc39
https://doi.org/10.1097/PSY.0b013e31816ffc39
https://doi.org/10.1016/j.psym.2010.12.022
https://doi.org/10.1016/S0022-3999(98)00053-1
https://doi.org/10.1002/da.22256
https://doi.org/10.1177/1756283X15587866
https://doi.org/10.1177/1756283X15587866
https://doi.org/10.1053/j.gastro.2003.11.055
https://doi.org/10.3920/BM2017.0105
https://doi.org/10.3920/BM2017.0105
https://doi.org/10.1136/bmj.326.7400.1167
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Materials and Methods
	Data Sources and Study Selection
	Quality Assessment
	Data Extraction and Analysis

	Results
	Main Characteristics of Included Studies
	Types of Interventions
	Outcome Measures

	Effects of Interventions
	Pharmaceutical Interventions
	Serotonin Antagonists

	Other Pharmaceutical Interventions
	Ibodutant
	Neomycin
	Crofelemer
	Eluxadoline

	Psychological Interventions
	Cognitive Behavioral Therapy (CBT)
	Emotional Awareness Protocol

	Alternative Interventions
	Spherical Carbon Adsorbent −120 (AST-120)
	Probiotic Yoghurt Milk


	Discussion
	Gender Differences in Effect of Intervention
	Interpretation
	Pharmaceutical Interventions
	Psychological Interventions
	Alternative Interventions

	Strengths and Limitations
	Conclusion
	Funding
	Disclosure
	References

