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Abstract
Background: Recent studies indicate that gut microbiota disorders potentially contribute to the pathogenesis of irritable bowel
syndrome (IBS), which can be partly reflected by fecal short-chain fatty acids (SCFAs) generated from gut microbiota. Previous
studies on SCFA alterations in patients with IBS have yielded conflicting results. No prior systematic review has been conducted on
the alterations in fecal SCFAs in IBS patients.

Aims: We performed a meta-analysis to explore and clarify alterations in fecal SCFAs in IBS patients.

Methods:Case-control studies, randomized controlled trials (RCTs), and self-controlled studies were identified through electronic
database searches. The standardized mean difference (SMD) with 95% confidence interval (CI) in fecal SCFA levels between different
groups was calculated.

Results: The proportion of fecal propionate in patients with IBS was significantly higher than in healthy controls (HCs) (SMD=0.44,
95%CI=0.12, 0.76). A subgroup analysis showed that the concentration of fecal propionate (SMD=�0.91, 95%CI=�1.41,�0.41)
and butyrate (SMD=�0.53, 95% CI=�1.01, �0.04) in patients with constipation-predominant IBS (IBS-C) was significantly lower
than that in HCs, and the concentration of fecal butyrate in patients with diarrhea-predominant IBS (IBS-D) was higher than that in
HCs (SMD=0.34, 95% CI=0.00, 0.67). Finally, we found that restricted diets correlated with fecal butyrate reduction in IBS
(SMD=�0.26, 95% CI=�0.51, �0.01).

Conclusions: In terms of fecal SCFAs, there were differences between patients with IBS and HCs. In IBS-C patients, propionate
and butyrate were reduced, whereas butyrate was increased in IBS-D patients in comparison to HCs. Propionate and butyrate could
be used as biomarkers for IBS diagnosis.

Abbreviations: CI = confidence interval, FODMAP = Fermentable Oligo-, Di-, Mono-saccharides And Polyol, HC = healthy
control, IBS= irritable bowel syndrome, IBS-C= constipation-predominant irritable bowel syndrome, IBS-D= diarrhea-predominant
irritable bowel syndrome, IBS-U = IBS unsubtyped., NOS = Newcastle-Ottawa Scale, RCT = randomized controlled trial, SCFA =
short-chain fatty acid, SMD = standardized mean difference.
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1. Introduction cramping, abdominal pain, bloating, gas, and diarrhea or
Irritable bowel syndrome (IBS) is a common functional
gastrointestinal disorder, with signs and symptoms including
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constipation, or both.[1,2] IBS is a chronic condition that requires
long-term management.[3–5] Researchers also discovered that
disorders of gut microbiota potentially contribute to the
pathogenesis of IBS.[6–8] Short-chain fatty acids (SCFAs), the
primarymetabolite for colonocytes, are produced in the intestinal
lumen by commensal anaerobic bacteria via carbohydrate
fermentation, which are principle nutrient substrates of the
colonic epithelium.[9–11] The fact that SCFAs are the main end-
products of colonic bacterial fermentation, they play a role in
preserving gut barrier functions, and have immunomodulatory
and anti-inflammatory properties,[12] provides a rationale and
representative target to measure intestinal health.[9,13]

The cause of IBS remains unknown, and no single treatment is
found to be universally applicable to all patients with IBS.[14–16]

Fecal SCFAs abnormalities have been reported in patients with
IBS, implying that alterations in SCFAs might be related to
IBS.[17–19] Hence, many studies have examined the association
between IBS and SCFAs.[17,18,20] However, these studies reported
varying or even contradictory results; neither the concentrations
of SCFAs nor the relative proportions of different SCFAs have
shown consistent associations with IBS.[17–22] Therefore, a
systematic review and meta-analysis on the alteration in fecal
SCFAs in patients with IBS is desirable for clarifying this issue.
We aimed to identify the characteristics of fecal SCFAs in patients
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with IBS and compare them to those in healthy controls (HCs), to
determine whether SCFAs can be utilized as biomarkers of
disordered gut microbiota in patients with IBS.
2. Materials and methods

Since this study is a meta-analysis of previously published studies,
the ethical approval and patient consent are not required.
2.1. Database search and study selection

Studies to be included in the meta-analysis were searched for using
PubMed (January 1946 toMay 2018), EMBASE,Web of Science,
ChinaNational Knowledge Infrastructure, andWanfang database
inMay 2018. Controlled vocabulary and keyword searching were
both used in each database to identify relevant studies. The search
terms used to identify potentially related publications included
“irritable bowel syndrome,” “IBS,” “short chain fatty acid,”
“SCFA,” “volatile fatty acid,” etc., and these were applied to all
fields to identify the maximum number of studies and increase the
hit rate. Boolean operators (AND, OR, NOT) were used to widen
and narrow the search results (see Supplemental Content, which
illustrates the full electronic search strategy including all limits
used, http://links.lww.com/MD/C823). The titles and abstracts of
the retrieved articles were screened for duplicates and for relevance
to our topic, and the reference lists of the selected articles were
further searched and examinedas a source.Abstracts of conference
proceedings between 2008 and 2018 were hand-searched to
identify potentially eligible studies.
After titles and abstracts screening was completed, full texts of

the articles were accessed to further evaluate appropriateness
concerning the study question. The articles were assessed
independently by two reviewers according to the prospectively
defined eligibility criteria. The overall procedure of study
selection is depicted using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses flowchart in Figure 1.
Final inclusion criteria for all studies were as follows:
(1)
 the diagnosis of IBS was established by physicians using an
accepted reference standard, and/or was based on the Rome I,
II, or III criteria;
the study design for comparing patients with IBS versus HCs
(2)

was that of case-control, and that for comparing pretreatment
with posttreatment was randomized controlled trial (RCT) or
self-controlled study;
data were sufficient to calculate the standardized mean
(3)

difference (SMD) with 95% confidence interval (CI);
other gastrointestinal diseases were excluded from both the IBS
(4)

andHCs groups. Studies conducted on pediatric patients (age<
12 years) and animals were not included in our meta-analysis.

2.2. Data extraction

To reduce the reporting error and bias in data manipulation,
relevant data were extracted by two reviewers independently;
these data included publication year, country in which the
research was conducted, study design (e.g., case-control studies,
RCTs, and self-controlled studies), the size of the IBS and HC
groups, basic characteristics of the study population (age, male/
female percentage, and IBS subtypes), length of treatment,
diagnostic criteria for IBS, major technique used for fecal SCFAs
detection, and the measurement of fecal SCFAs as the main
outcome parameters. Extracted data were then crossed over and
2

validated separately, and disagreements between reviewers were
resolved through discussion.
2.3. Quality assessment

Quality assessment of the studies was performed based on the
Newcastle-Ottawa Scale (NOS) for case control studies and
Cochrane Collaboration tool for RCTs to accommodate the
methodology of fecal SCFAs concentration or proportion as a
criterion. As of the NOS, three separate scores were assigned for
the selection, comparability, and exposure (i.e., laboratory
methods) domains, where the sum of these three scores was
equal to the total NOS. The lowest and highest scores based on
the NOS were 0 and 9, respectively. A total NOS score ≥6
indicated good research quality.
2.4. Statistical analysis

All data analyses were conducted with the R Studio (version 3.4.3,
R Studio Inc., Boston, USA), and the “meta” package (version 4.9-
1) was used to combine the studies. A P-value of 0.05 was used as
the cutoff for statistical significance in all analyses. In addition,
SMD with 95% CIs were used as a measure of effect size and
calculated from studies that contained mean, median, maximum,
minimum, range, standard deviation (SD), and interquartile range.
As for studies where the results were expressed as mean and 95%
CI,[21,23] we performed data conversion using the method
described in Chapter 7 of the Cochrane Handbook[24]; as for
those studies where median, upper quartile, and lower quartile or
rangeweregivenas theoutcomemeasures,[25–27]Wan’smethod[28]

was applied to obtain the estimation of mean and SD. The final
meta-analytical results are displayed graphically using forest plots.
Statistically, heterogeneity was tested by the Q test, Tau2, and

I2 indicator, which can be used to assess whether the
heterogeneity observed among effect sizes could be attributed
to random chance or if other non-investigated variables, such as
discrepancy of test equipment and changes in eating habits, other
than IBS may play a role. Among them, I2 statistics represent the
percentage of effect size heterogeneity that cannot be explained
by random chance, but by the other factors noted above. The
random effects model was used according to the DerSimonian
and Laird (Random-effects) method to account for different
sources of variation among studies if significant heterogeneity
existed, otherwise the fixed effect model was used.
The potential for “small study effects,” including publication

bias, was examined by visual inspection of funnel plots, in which
the standard error was plotted against the net change for each
study, and funnel plot symmetry was assessed with Egger’s test.
3. Results

3.1. Study selection and quality assessment

As shown in the flow chart (Fig. 1), a total of 834 citations were
obtained initially, and 591 of them were included in the next
round for review of titles and abstracts after the removal of
duplicates.When screened for on-topic articles, 276 of the studies
were conducted on animals rather than humans; 91 were
editorials or conference abstracts, and 175 were irrelevant to the
topic. Thus, the remaining 49 studies were retrieved for full-text
scrutiny. Of the 49 full-text articles, 37 were excluded for various
reasons: 15 were literature reviews; eight failed to provide
appropriate data; 14 did not meet our requirement for the trial

http://links.lww.com/MD/C823


Figure 1. Flowchart of study selection. HC=healthy control, IBS= irritable bowel syndrome, RCT= randomized controlled trial, SCFA=short-chain fatty acids,
SD=standard deviation.
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design. The final candidates then went through reviewers’
scrutiny for quality assessment based on predefined methodolo-
gy, and all of them showed decent qualities to conduct a meta-
analysis. Finally, a total of 15 studies were included in the meta-
analysis.[18–21,23,25–27,29–34] References of these 15 studies were
hand searched, and no other eligible studies were identified. Two
reviewers in our team had perfect agreement in selecting the 15
studies.
3.2. Study characteristics

Table 1 summarizes the characteristics of the included studies.
The majority of the included studies involved age-matched
3

and sex-matched analyses, and all these studies detected
SCFAs in fecal samples collected from patients with IBS
and HCs. Halmos et al[21] conducted both a case-control study
and an RCT; thus, their data were included twice, as both a
case-control study and an RCT, as shown in Table 1.
Concerning the geographical distribution of the studies, three
were conducted in the United States, nine in Europe, one in
Australia, and one in Asia. The sex distribution was not
balanced in eight studies. Concerning the techniques for
detecting fecal SCFAs, eight studies used gas chromatography,
four used liquid chromatography, two used gas-liquid
chromatography, and one used hydrogen-nuclear magnetic
resonance spectroscopy.

http://www.md-journal.com
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3.3. Analysis of overall effect

The results of our meta-analysis (Table 2) are displayed in
detailed forest plots as Figures 2–4.

3.3.1. Primary outcomes: alteration in fecal SCFAs concen-
tration or proportion in patients with IBS compared with HCs.
The proportion of fecal propionate in patients with IBS was
Table 2

Summary of meta-analytical results.

IBS Patient

Measurement Number of studies Model Overall SM

Amount of acetate 8 Fixed effect 0
Proportion of acetate 4 Fixed effect �
Amount of propionate 8 Random effects �
Proportion of propionate 4 Fixed effect 0
Amount of butyrate 7 Fixed effect 0
Proportion of butyrate 4 Random effects 0
Amount of isobutyrate 4 Random effects �
Proportion of isobutyrate 4 Fixed effect 0
Amount of valerate 4 Fixed effect �
Proportion of valerate 4 Random effects �
Amount of isovalerate 4 Random effects �
Proportion of isovalerate 4 Random effects �

Subgroup analysi

Measurement Number of studies Model Overall SMD (IB

Amount of acetate 2 Fixed effect �0.4
Amount of propionate 2 Fixed effect �0.9
Amount of butyrate 2 Fixed effect �0.5

Subgroup analysis

Measurement Number of studies Model Overall SMD (

Amount of acetate 3 Random effects �0.
Amount of propionate 3 Random effects �0.
Amount of butyrate 3 Fixed effect 0.3

Before-after IBS interven

Measurement Number of studies Model Overall SMD (A

Amount of acetate 3 Random effects �0.0
Amount of propionate 3 Fixed effect 0
Amount of butyrate 3 Fixed effect �0.2
Amount of isobutyrate 2 Fixed effect 0.11
Amount of valerate 2 Fixed effect 0.02
Amount of isovalerate 2 Fixed effect 0.15

Probio

Measurement Number of studies Model Overall SMD (A

Amount of acetate 2 Fixed effect 0.2
Amount of propionate 2 Fixed effect 0.0
Amount of butyrate 2 Fixed effect 0.3
Amount of isobutyrate 2 Fixed effect 0.3
Amount of valerate 2 Random effects 0.0
Amount of isovalerate 2 Fixed effect �0.

CI= confidence interval, IBS= irritable bowel syndrome, IBS-C= irritable bowel syndrome with constipati
difference, NS=not significant.

5

significantly higher compared with in HCs (SMD=0.44, 95%
CI=0.12, 0.76, P< .05; heterogeneity: I2=0%, P= .58) (Fig. 2).
In the subgroup analysis based on different subtypes of IBS, the
forest plots showed that the concentration of fecal propionate
and butyrate in patients with IBS-C was significantly lower than
that in HCs (propionate: SMD=�0.91, 95%CI=�1.41,�0.41,
P< .05; heterogeneity: I2=0%, P= .82; butyrate: SMD=�0.53,
s vs HC

D (IBS�HC) 95% CI

SMD
Significance
(P value) I2 (%)

Heterogeneity
Significance
(P value)

.05 [�0.16, 0.27] .62 44 .09
0.27 [�0.59, 0.05] .09 57 .07
0.04 [�0.52, 0.44] .86 76 <.01
.44 [0.12, 0.76] < .01 0 .58
.12 [�0.11, 0.35] .31 50 .06
.05 [�0.68, 0.78] .89 80 <.01
0.15 [�0.91, 0.60] .69 81 <.01
.25 [�0.07, 0.56] .13 0 .47
0.03 [�0.35, 0.28] .84 51 .11
0.19 [�1.07, 0.69] .67 86 <.01
0.38 [�1.18, 0.42] .35 83 <.01
0.43 [�1.54, 0.69] .45 91 <.01

s: IBS-C vs HC

S-C�HC) 95% CI

SMD
Significance
(P value) I2 (%)

Heterogeneity
Significance
(P value)

3 [�0.91, 0.05] .08 0 .92
1 [�1.41, �0.41] < .01 0 .82
3 [�1.01, �0.04] .03 37 .21

: IBS-D vs HC

IBS-D�HC) 95%-CI

SMD
Significance
(P value) I2 (%)

Heterogeneity
Significance
(P value)

08 [�0.75, 0.58] .80 70 .04
38 [�1.53, 0.78] .52 89 <.01
4 [0.00, 0.67] .05 26 .26

tions Restricted diet

fter�Before) 95% CI

SMD
Significance
(P value) I2 (%)

Heterogeneity
significance
(P value)

2 [�0.57, 0.54] .95 77 .01
[�0.25, 0.25] .99 49 .14

6 [�0.51, �0.01] .04 0 .64
[�0.17, 0.39] .44 0 .89
[�0.27, 0.30] .90 0 .87
[�0.13, 0.43] .30 0 .63

tics

fter�Before) 95%-CI

SMD
Significance
(P value) I2 (%)

Heterogeneity
Significance
(P value)

4 [�0.12, 0.61] .19 60 .11
6 [�0.30, 0.42] .75 0 .72
4 [�0.02, 0.71] .06 50 .16
3 [�0.04, 0.69] .08 0 .52
5 [�0.80, 0.89] .92 79 .03
24 [�0.61, 0.12] .19 12 .29

on, IBS-D= irritable bowel syndrome with diarrhea, HC=healthy control, SMD= standardized mean
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Figure 2. Forest plots of alterations of fecal short-chain fatty acids in patients with irritable bowel syndrome versus healthy controls: (A-1) concentration of acetate,
(A-2) proportion of acetate, (B-1) concentration of propionate, (B-2) proportion of propionate, (C-1) concentration of butyrate, (C-2) proportion of butyrate, (D-1)
concentration of iso-butyrate, (D-2) proportion of iso-butyrate, (E-1) concentration of valerate, (E-2) proportion of valerate, (F-1) concentration of iso-valerate, and
(F-2) proportion of iso-valerate. CI=confidence interval, SMD=standardized mean difference.
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95% CI=�1.01, �0.04, P< .05; heterogeneity: I =37%,
P= .21). However, it is noteworthy that in patients with IBS-
D, the concentration of fecal butyrate was higher than that in
HCs (SMD=0.34, 95% CI=0.00, 0.67, P= .0506; heterogene-
ity: I2=26%, P= .26) (Fig. 3). In this comparison, the P-value
was .0506, representing borderline significance, which might be
attributed to an insufficient number of studies. For butyrate, the
opposite results in patients with IBS-C and IBS-Dwhen compared
with HCs could account for the insignificant SMD result and the
medium heterogeneity of the fecal butyric concentration
comparison between all patients with IBS and HCs, indicating
that it is necessary to investigate IBS separately based on
subtypes. No significant differences in other fecal SCFAs were
found in the comparison between patients with IBS (or the
subtypes of IBS) and HCs.

3.3.2. Secondary outcomes: effect of different IBS inter-
ventions on fecal SCFAs. Currently available treatments can be
categorized into three groups: (1) dietary intervention, (2) drug
therapy, and (3) psychological and other treatments.[35] Among
6

the above treatments, it is recognized that probiotics, antibiotics,
and dietary intervention can affect the gut microbiota. Thus, our
comprehensive literature review included these three treatments,
but only a portion of the studies provided usable data for analysis.
Additionally, all included studies were not conducted based on
subtyped of IBS, thus subgroup analysis could not be performed.
Three RCTs and two self-controlled studies where probiotics

or restricted diets including diets low in Fermentable Oligo-, Di-,
Mono-saccharides And Polyols (FODMAPs) were used as major
intervention methods were entered into our meta-analysis. As for
the RCTs, the concentration of fecal SCFAs from the treatment
group and placebo group at the end of the treatment period was
chosen as the major outcome measurement; in terms of the self-
controlled studies, the concentration of fecal SCFAs in patients
with IBS before and after receiving the corresponding treatment
was considered as the major outcomemeasure, since there was no
placebo group.
The result showed that the restricted diets led to a significant

reduction in the concentration of fecal butyrate in the IBS group
compared with pre-intervention (SMD=�0.26, 95% CI=�
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Figure 3. Forest plots of alterations of fecal short-chain fatty acids concentration in patients with different subtypes of irritable bowel syndrome (IBS) versus healthy
controls (HC): (A-1) acetate in constipation-predominant irritable bowel syndrome (IBS-C) vs HC, (A-2) acetate in diarrhea-predominant irritable bowel syndrome
(IBS-D) vs HC, (B-1) propionate in IBS-C vs HC, (B-2) propionate in IBS-D vs HC, (C-1) butyrate in IBS-C vs HC, and (C-2) butyrate in IBS-D vs HC. CI=confidence
interval, SMD=standardized mean difference
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0.51, �0.01, P< .05; heterogeneity: I =0%, P= .64) (Fig. 4).
Interestingly, among primary outcome measures, fecal butyrate
was higher in patients with IBS-D and lower in patients with IBS-
C. After treatment with restricted diets in patients with IBS (un-
typed), fecal butyrate decreased. One possible explanation is that
though patients with IBS were un-typed, patients with IBS-D
Figure 4. Forest plots of alterations of fecal short-chain fatty acids concentration i
after restricted diet, (A-2) acetate after probiotics treatment, (B-1) propionate after
restricted diet, (C-2) butyrate after probiotics treatment, (D-1) iso-butyrate after r
restricted diet, (E-2) valerate after probiotics treatment, (F-1) iso-valerate after re
interval, SMD=standardized mean difference.
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represented nearly half of the included patients (68/139) from the
extractable data. Thus, the results may be more characteristic of
IBS-D.
Because there was only one study where SCFAs were measured

in patients with IBS treated with antibiotics (rifaximin), a
corresponding meta-analysis could not be performed. In this
n patients with irritable bowel syndrome after different treatments: (A-1) acetate
restricted diet, (B-2) propionate after probiotics treatment, (C-1) butyrate after
estricted diet, (D-2) iso-butyrate after probiotics treatment, (E-1) valerate after
stricted diet, and (F-2) iso-valerate after probiotics treatment. CI=confidence

http://www.md-journal.com
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study, Acosta et al designed an RCT comparing rifaximin with
placebo in 24 non-constipated patients with IBS. Results showed
no significant changes in stool content of the individual SCFAs
(acetate or propionate). However, there was a marginally
significant reduction (P= .061) in the fecal butyrate concentra-
tion in the rifaximin group.
3.4. Publication bias

Toassess publicationbias, Egger’s testwas conducted, anda funnel
plot was drawn (Fig. 5). The funnel plot and Egger’s test result
included at least seven studies. Based on the plot and test result,
there was no publication bias for the concentration of acetate
(P= .1657), propionate (P= .2397), and butyrate (P= .6404). The
Figure 5. Funnel plots of included studies analyzing the concentration of fecal sho
controls: (A) acetate, (B) propionate, (C) butyrate. SE=standard error, SMD=sta
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assessment of the rest of the fecal SCFAs measurements might be
underpowered, as there were no adequate clinical trials.

3.5. Findings from studies that failed to offer data for our
meta-analysis

During our comprehensive literature search, we also identified
studies where the comparisons of fecal SCFAs were conducted
but data could not be extracted. For such cases, we summarize the
studies below to provide a full-scope view of the published
literature on the topic.
In addition to the concentration and proportion of fecal

SCFAs, Farup et al[18] calculated the propionate/butyrate ratio
and the differences between propionic acid and butyric acid
rt-chain fatty acids from patients with irritable bowel syndrome versus healthy
ndardized mean difference.
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(mmol/l and molar %), aiming to identify potential biomarkers
for the diagnosis of IBS. The newly-created indicators showed
statistically significant differences, and “Propionic Acid Minus
Butyric Acid (mmol/l)” was the best parameter to discriminate
between the IBS group and the control group.
In Hustoft’s study,[36] a simultaneous reduction of butyric acid

and Fecalibacterium prausnitzii, a major commensal butyrate
producer, was observed after 3 weeks of the low-FODMAP diet,
and could be considered a biomarker of intestinal conditions in
adults.
A clinical study conducted by Gargari et al characterized fecal

samples collected at 4-weeks intervals from 40 IBS patients by
SCFAs quantification.[17] They found that the fecal levels of SCFAs
clearly distinguished the IBS-C samples from the IBS-D and IBS
unsubtyped (IBS-U) samples. Acetate and propionate were
significantly higher in patients with IBS-D compared to healthy
controls, whereas acetate and valerate were significantly lower in
patients with IBS-C than controls. In detail, the levels of acetate,
butyrate, propionate, and valerate were significantly higher in
patients with IBS-D than in those with IBS-C. In addition, fecal
concentrations of acetate, butyrate, and propionate were higher in
patients with IBS-U than in those with IBS-C. Globally, the total
concentration of SCFAs was significantly higher in IBS-D and
lower in IBS-C compared to healthy controls. That study was a
comprehensive study covering all types of IBS. Unfortunately, the
study did not provide suitable data for analysis.
Staudacher et al conducted a 4-week RCT in which patients

with IBS were randomized to ingest foods high in fermentable
carbohydrate or to continue their habitual diet.[37] Results
suggested that there was no difference in individual fecal SCFAs
between groups at baseline or after 4 weeks.
4. Discussion

The prevalence of IBS is high, and IBS seriously affects patients’
quality of life. The treatment of IBS primarily aims to improve
symptoms, and there are no specific and targeted drugs available
to date. The pathogenesis of IBS is very complex, including
intestinal dysmotility, visceral hypersensitivity, intestinal inflam-
mation, mental and psychological abnormalities, and other
factors that are associated with intestinal dysfunction caused by
intestinal flora and their metabolites. Therefore, it is important to
determine the status of intestinal flora in patients with IBS.
Compared with HCs, patients with IBS have significant changes
in the structure of the gut microbiota, showing a decline in the
diversity of the flora and abundance of certain bacteria species.
Because the disorder of intestinal flora is related to the occurrence
of symptoms, the detection of intestinal flora in patients with IBS
may play a key role in treatment. SCFAs, the products of gut
bacteria, can help us to identify patient’s intestinal condition.
To our knowledge, no prior systematic review and meta-

analysis has investigated the concentration or proportionate
alteration in fecal SCFAs in patients with IBS to date. Our
analysis limited its assessment to two measurements (concentra-
tion and proportion) of fecal SCFAs and included nine case-
control studies, three RCTs, and three self-controlled studies.
4.1. Summary of evidence

In the current meta-analysis, we identified a significant increase in
the proportion of fecal propionate among total fecal SCFAs of
patients with IBS. In addition, the symptoms and gut motility in
patients with IBS-C and IBS-Dwere different which also influence
9

the SCFA concentration. Thus, a subgroup analysis was
performed based on different subtypes of IBS to resolve the
heterogeneous effects. Results of subgroup analysis indicate that
the concentrations of propionate and butyrate are lower in the
fecal samples collected from patients with IBS-C compared to
HCs; the concentration of butyrate in patients with IBS-D is
higher, though the p-value was of only borderline significance.
More trials and studies are needed to validate these findings.
Most butyrate producers in the human colon belong to the

Phylum Firmicutes, in particular of clostridial clusters IV and
XIVa.[38–40] In HCs, these clusters’ change with aging.[41] One
possible explanation for the different results between IBS-C and
IBS-D is that they are characterized by a different distribution of
intestinal microbiota. For instance, Clostridiales OTUs were
enriched in IBS-C samples and negatively correlated with fecal
SCFAs propionate and butyrate.[17,42,43] TheRoseburia–E. rectale
group, a predominant butyrate-producing bacterial group of in the
human gut were detected at significantly lower levels in IBS-C
patients compared with HCs, which may explain the decrease in
concentration of butyrate in IBS-C patients.[29,44] In one study
comparing patients with IBS-C and IBS-D,[19] patients with IBS-D
were characterized by increased colonic fermentation, leading to
higher fecal levels of SCFAs, thereby stimulating intestinal motility
and reducing transit time, which, in turn, can lead to altered
bacteria in the colon.[17,45] Analysis of SCFAs yielded significantly
different results according to IBS subtypes, and SFCA levels can
thus plausibly be considered valid microbial signatures.
A secondary result of our meta-analysis showed that a

restricted diet (including low-FODMAP diets) leads to a
significant reduction of the concentration of butyrate in the
fecal samples collected from patients with IBS. These acids are
mainly produced within the proximal colon as a result of
carbohydrate fermentation, and reduced concentrations are
probably a consequence of reduced amounts of carbohydrates.
Concerning other interventions, after treatment with probiotics,
the concentration of fecal butyrate was higher, but this difference
was not significant. It is interesting that different interventions
can cause different changes in SCFAs. Probiotics can improve the
gut microbiota, favoring the co-existence of probiotic strains with
other bifidobacteria and with butyrate-producing gut bacteria in
the human colon. Studies showed that bifidogenic effects could
cause a butyrogenic effect in the human colon, that is , an
enhancement of colon butyrate production.[29,46] More research
is needed to verify this conclusion.
4.2. Potential mechanism of SCFAs in IBS

An abundance of evidence has demonstrated that SCFAs play an
important role in gut health. SCFAs can affect the gut directly
through enterocytes or by being absorbed by the gut epithelium
into the blood, playing a key role in the maintenance of gut and
immune homeostasis by (1) altering chemotaxis and phagocytosis,
(2) inducing reactive oxygen species, (3) changing cell proliferation
and function, (4) inducing anti-inflammatory, anti-tumorigenic,
and antimicrobial effects, and (5) altering gut integrity.[9,10,13,47] A
layer ofmucus and functional tight junctionproteins, suchasZO-1
and occludin, between epithelial cells contributes to tissue integrity
by limiting physical access to bacteria and gut permeability.[48,49]

Impaired gut integrity plays a critical role in the mechanism of IBS.
Studies have shown that supplementation with butyrate or
propionate modulates gut permeability. The possible underlying
mechanisms could be HDAC inhibition or the stimulation of
GPR41, GPR43, or GPR109.
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The highest level of SCFAs is found in the proximal colon, and
thus, fecal SCFAs can reflect the colonic conditions to a certain
degree. Stool specimens are easy to obtain, and the techniques for
SCFAs detection are well-established and can be used to monitor
the gut noninvasively and expediently.
Acetate, propionate, and butyrate are the major SCFAs

released through fermentation of fiber and resistant starches;
their molar ratio of production in the colon is 60:25:15.[50]

Changes in colonic SCFAs are a highly complex and dynamic
process. The complicated and delicate interaction between the
colon and microbiota may also control the proportion and levels
of SCFAs in the gut lumen. Interventions, altering the balance of
colonic bacteria may accordingly modulate the production and
degradation of SCFAs. It would be clinically meaningful to
investigate the alteration in SCFAs as an indicator of the intestinal
microbial ecosystem.
4.3. Strengths and weaknesses

The strengths of this review include the comprehensive literature
search and assessment for all types of bias. In the first part of our
meta-analysis investigating the concentration or proportion of
alteration in fecal SCFAs in IBS, only nine studies were finally
included, with four studies including less than 20 patients with
IBS and two studies reporting median, range, or 95% CI rather
than mean and standard deviation for SMD calculation.
Moreover, there were three RCTs and three self-controlled
studies in the second part of our analysis evaluating the effect of
different IBS interventions on fecal SCFAs, and only one provided
the exact combination of mean and standard deviation for SMD
calculation. Therefore, Wan’s methodology, as well as the
estimation method described in Cochrane Handbook Chapter
7.7 were utilized to obtain a reasonable estimation of mean and
SD, which increased the number of usable studies.
Furthermore, three of fifteen studies investigated the concentra-

tion or proportion of fecal SCFAs based on different IBS subtypes,
which allowed for subgroup analysis with a thorough and deep
view of IBS. As products of the intestinal flora, SCFAs reflected the
status of the flora. Patients with different subtypes of IBSmay have
different dominant bacteria species.[51,52] Thus, propionate and
butyrate decreased in IBS-C patients and butyrate increased in IBS-
D patients. The current method to evaluate microbiota disorder
involves 16S rRNA gene sequencing analysis of bacteria which is
costly, complicated, and time-consuming. Our results suggested
that the fecal SCFAs could be a new biomarker for microbiota
disorder in IBS patients and facilitate diagnosis.
Concerning weaknesses of the current analysis, the measure-

ment of fecal SCFAs was not consistent in the included studies,
with only three studies measuring both the concentration and
proportion of fecal SCFAs; this diluted the sample size to some
extent. On the grounds that the concentration and proportional
results could not be combined, they were meta-analyzed
separately. Additionally, the diagnostic criteria of IBS have been
modified intermittently. IBS with alternating constipation and
diarrhea and IBS-U were not analyzed due to a lack of data. Most
patients included in the analysis were from Europe, Australia,
and North America, and only one included Asian patients with
IBS. Thus, the findings might be limited to specific geographic
regions and might not be fully applicable to Asian patients.
In addition, several other factors influence the outcome of the

study. We used fecal SCFAs to measure the intestinal products of
microbiota. The collection, storage, and treatment of stool may
result in experimental loss because some SCFAs were volatile.
10
Thus, fecal SCFAsmight not accurately reflect the acids levels in the
colon. However, fecal SCFAs were the most widely-reported
outcome measures in studies assessing colonic SCFA levels.
Moreover, the dietary habits might have an influence on the
amounts and types of SCFAs in the stool.[53] The SCFAs were
produced by intestinal bacterial fermentation of fiber in the colon.
The quantity and species of colonic bacteria, along with the
substrate (poorly absorbed carbohydrates) determine the SCFAs
produced. For instance, high-fiber diets might affect the concen-
tration of SCFAs.[54] We need more studies to explore the
correlation between particular bacterial strains and relative
concentrations of individual SCFAs. Also, normal values for
healthy individuals are needed to be established in large-scale
studies.
According to the meta-analysis results, IBS subtypes and diets

greatly influence the concentration and relative proportion of fecal
SCFAs in patients with IBS. Future studies investigating diet and
IBS subtypes are essential in order to investigate whether a
correlation exists between IBS and fecal SCFAs.More studies from
Asia are required to provide a more comprehensive view on IBS.
4.4. Clinical utility

Intestinal microbiome disorder was one of the most important
clinical manifestations in IBS patients.[55] Regulating intestinal
flora and restoring homeostasis were critical therapeutic
methods. Physicians could use the fecal SCFA analysis to
determine the status of gut microbiota in patients. According to
the results of fecal SCFAs, the individualized combination of
prebiotics and probiotics could be administered to patients.[56]
5. Conclusions

Alterations in fecal SCFAs in patients with IBS were observed
compared with HCs, and the proportion of propionate was
significantly higher in patients with IBS. Further subgroup
analysis found that IBS subtypes have dissimilar fecal levels of
SCFAs. The concentration of propionate and butyrate were both
significantly lower in IBS-C, and the concentration of butyrate
was higher in IBS-D. Treatment with a restricted diet, including
the low-FODMAP diet, could significantly decrease the concen-
tration of fecal butyrate in patients with IBS.
More studies and patients are needed to provide a more

comprehensive subgroup analysis to explain the heterogeneity of
the included studies. Additionally, future studies and patients are
warranted to explore the mechanisms behind the changes in
different patient groups. Our results shed some light on the
potential use of fecal SCFAs as a diagnostic biomarker for IBS
and for individualized treatment.
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