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Abstract

Background Irritable bowel syndrome (IBS) is the most prevalent functional bowel disorder, but its pathophysiology is still
unknown. Although a microbial signature associated with IBS severity has been suggested, its association with IBS severity
still remains largely unknown.

Aims This study aims to assess longitudinal dynamics of fecal microbiota and short-chain fatty acids (SCFAs) in different
IBS severity groups and study the association with stool pattern, diet, depression, anxiety, and quality of life (QoL).
Methods A longitudinal study was performed, including n=91 IBS patients and n =28 matched controls. All participants
collected fecal samples for microbiota composition and SCFA analysis and completed validated questionnaires regarding IBS
severity, stool pattern, depression, anxiety, and IBS-QoL at two timepoints with four weeks in-between. Diet was assessed
at the first timepoint.

Results Over time, 36% of IBS patients changed in severity group, and 53% changed in predominant stool pattern. The
largest proportion of microbiota variation was explained by the individual (R*=70.07%). Microbiota alpha diversity and
composition, and SCFAs did not differ between IBS severity groups, nor between IBS and controls. Relative abundances of
Bifidobacterium, Terrisporobacter, and Turicibacter consistently differed between IBS and controls, but not between IBS
severity groups. Large dynamics over time were observed in the association of microbiota composition with questionnaire
data where IBS symptom severity was associated at T1 but not at T2.

Conclusions Fecal microbiota and SCFA signatures were not consistently associated with IBS severity over time, indicating
the importance of repeated sampling in IBS research.
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Introduction

Irritable bowel syndrome (IBS) is the most commonly diag-
nosed functional gastrointestinal disorder, with a global
prevalence around 11% [1]. IBS reduces quality of life (QoL)
and increases healthcare costs [2]. Several factors have been
associated with IBS, such as alterations in the gut-brain axis
[3], visceral hypersensitivity [4], increased intestinal perme-
ability [5], and altered fecal microbiota composition [6, 7].
Different studies have been performed to identify microbial
signatures in IBS patients, but a general consensus in IBS-
related profiles is lacking [8]. This inconsistency could be due
to the large individual variation in microbiota composition and
cohort-specific characteristics [9], as well as cross-sectional
study designs. Moreover, there is large variation in symptom
severity and stool pattern within and between individuals with
IBS [5], and instability in fecal microbiota over time [10, 11]
Furthermore, studies often do not include other covariates like
diet and psychological state, which can be different in IBS and
are associated with fecal microbiota [8, 12, 13].

Recently, Tap et al. (2017) were the first to explore IBS
symptom severity related to the microbiota, and they cross-
sectionally identified a microbial signature of 90 operational
taxonomic units (OTUs) associated with IBS severity [14],
which provides a new research direction to investigate micro-
bial signatures with taking IBS severity into consideration.
Although a recent study by Mars and colleagues longitudi-
nally identified species-level taxa associated with severity of
symptoms in diarrhea-predominant IBS [15], the consistency
of microbial signatures associated with IBS symptom severity
over time still remains unknown. Moreover, alterations in fecal
short-chain fatty acids (SCFAs), including acetate, propion-
ate, and butyrate, have also been observed between IBS and
controls [16]. These alterations were associated with bloating,
abdominal pain, and QoL in IBS [17]. However, the associa-
tion of SCFA with IBS severity and its consistency over time
are unknown.

Therefore, we investigated the dynamics of fecal micro-
biota composition and SCFA levels in different IBS severity
groups compared to controls, and the association with stool
pattern, diet, depression, anxiety, and QoL over a period of
four weeks. These dynamics and associations were also inves-
tigated between IBS and controls. We hypothesized that over
time, IBS severity would demonstrate a regression to the
mean, while fecal microbiota signatures associated with sever-
ity would remain stable.
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Methods

This was an observational longitudinal study with two time-
points (T1 and T2) with four weeks in-between and included
IBS patients and controls who were matched for age, gen-
der, and body mass index (BMI) at T1 (no significance at
group level). All participants signed an informed consent.
The study was approved by the medical ethical commit-
tee of Wageningen and was registered at Clinicaltrials.gov
(NCT03720314, https://clinicaltrials.gov/ct2/show/NCTO03
720314).

Study Participants

Participants were recruited using the Wageningen Univer-
sity subject database, and recruitment calls on websites and
social media. Participants were aged 18—65 years, lived near
Wageningen, and had a BMI between 18.5 and 30.0 kg/m>.
IBS patients had to fulfill the Rome IV criteria or had to be
diagnosed with IBS by a physician. Exclusion criteria were
presence of any other gastrointestinal or systemic diseases,
antibiotics use < 3 months before study start, pregnancy, or
breastfeeding. We aimed to include 100 IBS patients and 30
matched controls at T1, to be able to detect a difference of
3.6 +£4.9% in similarity of microbiota over time [10]. After
T1, the 30 IBS patients with the least symptoms and 30 with
the most severe symptoms were selected for T2, to assess
the regression to the mean hypothesis and fecal microbiota
dynamics. Controls completed both timepoints.

Fecal Microbiota Profiling

Participants collected a fecal sample at both timepoints.
After collection, the fecal material was immediately stored
in the participants’ home freezer. Fecal samples were trans-
ported on dry ice by research staff to the laboratory on aver-
age within 1.1 + 1.2 days, where it was stored immediately
at— 80 °C until further analysis.

Fecal microbiota composition was determined by
sequencing the V4 region of the 16S ribosomal RNA
(rRNA) gene (Illumina Hiseq2500, 150 bp paired end). As
previously described, 0.25 g feces (wet weight) was used
for DNA isolation with the repeated bead beating method
[18]. Subsequently, DNA was purified using the Maxwell®
16 Total RNA system (Promega, Madison, WI, USA)
with the 16 Tissue LEV Total RNA purification Kit Car-
tridge (XAS1220). Amplification was performed in dupli-
cate with uniquely barcoded primers [19] S15F (5’-GTG
YCAGCMGCCGCGGTAA-3’) [20] and 806R (5’-GGA
CTACNVGGGTWTCTAAT-3") [21]. Reaction condi-
tions and library preparation were performed as described
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previously [19]. Afterward, the libraries were purified with
the CleanPCR kit (CleanNA, The Netherlands) and sent to
Eurofins Genomics Germany GmbH (Konstanz, Germany)
for sequencing. NG-Tax 2.0 was used to process the raw
sequencing data for Amplicon Sequencing Variant (ASV)
picking with default settings and for taxonomic assignments
using the SILVA database (version 128) [22, 23]. Sequenc-
ing data was submitted to the European Nucleotide Archive
with accession number PRIEB44533.

SCFA Profiling

SCFAs were measured as described previously with minor
modifications [24]. In total, 0.4 g of feces (wet weight) were
mixed thoroughly with 1.6 mL ultrapure water to extract
SCFAs (acetate, propionate, and butyrate). Subsequently,
the mixture was centrifuged (21,130x g, 10 min) to get the
supernatant. Afterward, 0.4 mL supernatant was added to
0.6 mL 10 mM DMSO as the internal standard in 0.1 N
H,SO, solution, and analyzed by High-Performance Liq-
uid Chromatography (HPLC, LC-2030C, Shimazu, Kyoto,
Japan) with a Shodex SH1821 column (Showa Denko K.K.,
Tokyo, Japan).

Questionnaires

Both IBS and controls completed all questionnaires at T1
and T2 for comparison. IBS severity was assessed using the
validated IBS symptom severity score (IBS-SSS), which was
used to classify severity (no symptoms <75; mild=76-175;
moderate = 176-300, and severe > 300 IBS) [25]. Both of the
continuous severity score and severity grouping were used
in analysis. QoL was assessed with the 34-item IBS-QoL,
which gave a score for total IBS-QoL, and subscales dys-
phoria, interference with activity, body Image, health worry,
food avoidance, social reaction, sexual life, and relationship
[26]. Participants completed the hospital anxiety and depres-
sion score (HADS) [27]. A score > 8 indicated substantial
depressive or anxious symptoms [28]. Furthermore, the pre-
dominant stool pattern of the previous week was assessed
by letting participants rank their stools of the week before
sampling from most to least frequent, using the seven types
of the validated Bristol Stool chart [29]. Participants also
indicated the Bristol stool scale of the fecal sample. Habitual
dietary intake of the previous month was assessed at T1
using a semi-quantitative 83-item Food Frequency Question-
naire [30, 31]. Dietary intake was calculated using the Dutch
Food Composition table [32]. Furthermore, IBS patients
were asked if they were currently following the Ferment-
able Oligo, Disaccharides, Monosaccharides, and Polyols
(FODMAP) diet. Participants were instructed to keep their
diet similar during the study period.

Statistical Analyses

Microbiota data were analyzed in R version 4.0.0 [33]
and questionnaire data in SPSS version 25 (Armonk,
NY, USA: IBM Corp.). Continuous data are presented as
mean =+ standard deviation, or median and interquartile range
when skewed. Categorical data are presented as counts and
percentages. Differences in the questionnaire data between
IBS and controls were tested with an independent sample
T test or Mann—Whitney U test when not normally distrib-
uted. Differences in questionnaire data between IBS sub-
groups and controls were tested with a one-way Analysis of
Variance (ANOVA), or a Wilcoxon test when not normally
distributed, with Bonferroni corrected post hoc testing.
An unpaired Wilcoxon test was used to test differences in
SCFAs between IBS subgroups and controls, or between IBS
and controls. Differences for categorical data were assessed
using chi-square tests. Associations of acetate, propionate,
and butyrate (dependent variable) with questionnaire data
(independent variables) were determined using linear mixed
models.

Alpha diversity (within sample diversity) and beta diver-
sity (between sample diversity) were calculated at ASV level
using Phyloseq [34]. Alpha diversity metrics, ASV richness,
and Shannon diversity were calculated. To visualize beta
diversity, principal coordinate analysis (PCoA) based on
unweighted (considering presence/absence of ASVs) and
weighted (considering ASVs and their relative abundance)
Unifrac [35] distances was performed. An unpaired Wil-
coxon test was used to compare genus-level taxa between
IBS and controls, or between IBS subgroups and controls
at both timepoints. The p values for multiple pairwise tests
were corrected for multiple testing using Benjamini—Hoch-
berg false-discovery rate (FDR). The Vegan package [36]
was used to assess the association of microbiota composi-
tion with questionnaire and dietary variables, using permu-
tational multivariate analysis of variance (PERMANOVA).

A (corrected) p value <0.05 was considered statistically
significant, and 0.05 <(corrected) p value <0.1 was consid-
ered a trend.

Results

A total of n=91 IBS and n=30 controls participated,
with n=55 IBS and n=28 controls included for longitu-
dinal analyses (Fig. 1). Baseline characteristics differed
between IBS and controls for IBS-SSS (p <0.001), IBS-QoL
(»<0.001), anxiety (p=0.001), and depression (p =0.004,
Table 1). When data were stratified for IBS severity and
compared with controls, IBS-QoL, anxiety, and depression
remained different (p’s < 0.05). Distribution of the predomi-
nant stool patterns was not different between IBS severity
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Assessed for eligibility
n=101I1BS
n=51 controls

Excluded

(n=7 IBS, n=21 controls)

- Not meeting criteria

(n=7 IBS, n=3 controls)

- Not matched with IBS (n=18)

Included in study population
n=94 IBS
n=30 controls

Drop-out (n=3 IBS)

- Withdrew consent (n=1)
- Use of antibiotics (n=1)
- Other reasons (n=1)

T1 measurement
n=91 IBS
n=30 controls

Excluded (n=31 IBS)

- Not having the least or
most severe symptoms
Drop-out

(n=11BS, n=1 control)
L - Use of antibiotics (n=1)
- Lost to follow-up (n=1)

4 weeks

Wi

T2 measurement
n=59 IBS
n=29 controls

Excluded for longitudinal
analysis (n=4 IBS, n=1 control)
< - Hospitalized between T1 and T2
(n=11BS, n=1 control)

- Use of stool altering medication
between T1 and T2 (n=1 IBS)

- Low DNA quality of T2 fecal
sample (n=2 IBS)

Included for analysis
Dietary analysis:
n=91 IBS, n=30 controls
Longitudinal analysis:
n=55 IBS, n=28 controls

Fig. 1 Flowchart of participant recruitment

groups. There was no significant difference in dietary intake
of energy, fat, carbohydrates, polysaccharides, dietary fiber,
alcohol, or water between IBS and controls (Supplemen-
tary Table 1). However, IBS patients had a lower intake
of protein, maltose, and lactose. Moreover, 22% of IBS
patients followed a FODMAP for whom lactose intake was
significantly lower to those not following a FODMAP diet
(p=0.007).

Instability of IBS Symptom Severity Over Time

Instability of the IBS severity score was observed over time
(Fig. 2A). The severity score decreased by >50 in 14 IBS
patients and increased by > 50 in 9 IBS patients (Fig. 2B).
Furthermore, over time, 20 (36%) of the IBS patients
changed in severity groups (Supplementary Fig. 1A). For
other IBS symptoms, a large variation over time was also
observed: 29 (53%) of the IBS patients changed in their pre-
dominant stool patterns (Supplementary Fig. 1B). Total IBS-
QoL (A=2.4, p=0.028), sub-scores dysphoria (A=3.1,
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p=0.032), body image (A=3.9, p=0.004), and impact on
relationship (A =4.1, p=0.010) increased, while other IBS-
QoL sub-scores, anxiety, and depression remained stable
over time.

No Difference in Microbiota Alpha and Beta
Diversity Between IBS Severity Groups and Controls

ASYV richness and Shannon diversity were not different
between IBS and controls, and between IBS with different
predominant stool patterns and controls nor between IBS
severity groups and controls (Fig. 3A, B, Supplementary
Fig. 2) at both timepoints. This indicates the number and
distribution of microbial ASVs are similar between these
groups. PERMANOVA based on unweighted and weighted
Unifrac distance (Fig. 3F) revealed no significant difference
between IBS severity groups and controls as well as between
IBS with different predominant stool patterns and controls.
Between IBS and controls, the unweighted Unifrac-based
observation was similar, while based on weighted Unifrac,
atrend at T1 (p=0.073) and T2 (p =0.064) was observed
(Fig. 3C). This indicates that the relative abundance of
microbial taxa plays a role in the differences of microbiota
composition between IBS and controls, rather than the pres-
ence or absence of the microbial taxa. Longitudinally, the
change in fecal microbiota composition in IBS and controls
was not different (Fig. 3D, p=0.27), indicating that the tem-
poral stability of the microbiota of IBS patients was similar
to that of controls. Moreover, microbiota variation over time
was not associated with a change in severity score (Fig. 3E).

Differences in Genus-Level Taxa Between IBS
and Controls Were Not Associated with IBS
Symptom Severity

Relative abundances were different for ten genus-level taxa
at T1 and eight at T2 between IBS and controls (Fig. 4A,
Supplementary Table 2). However, of those only Bifidobac-
terium, Terrisporobacter, and Turicibacter were consistently
different over time. The relative abundance of Bifidobacte-
rium was lower in IBS compared to controls (pr; =0.0003;
pr>=0.0003). In contrast, the relative abundances of Ter-
risporobacter (py; =0.010; pp,=0.004) and Turicibacter
(p11=0.042; p1,=0.0013) were consistently higher in IBS
patients over time. However, these taxa were not associ-
ated with IBS severity (Fig. 4B, Supplementary Table 3).
The relative abundances of five genus-level taxa at T1 and
seven at T2 were significantly different within the severity
groups or between severity groups and controls. Remark-
ably, one uncultured taxon within the Tenericutes phylum
(p=0.021) and Prevotellaceae_UCG-001 (p=0.021) was
significantly higher in severe IBS patients at T2 compared
to controls. However, none of these taxa were consistently
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Table 1 Baseline chgracteristics IBS (n=91) Control (n=30) P value
of the study population
Age, years 41.7+144 394+169 .500
Gender n (%) male 19 (21) 4 (13) 361
BMI, kg/m? 229429 232+3.1 .566
IBS-SSS 150 (110-230) 55 (27-90) .000
Severity groups n (%) .000
No symptoms (<75) 7(8) 19 (63)
Mild (76-175) 48 (53) 11 (37)
Moderate (176-300) 24 (26) 0(0)
Severe (>300) 12 (13) 0 (0)
Predominant stool pattern n (%) 183
Constipation 26 (29) 14 (47)
Diarrhea 32 (35) 6 (20)
Mixed 19 (21) 4(13)
Unspecified 14 (15) 6 (20)
IBS-QoL 722+16.8 98.6+3.6 .000
Anxiety
Score 6.0 (3.0-10.0) 4.0 (2.8-6.0) .001
Substantial anxious symptoms n (%)" 35(38) 3(10) .004
Depression
Score 2.0 (1.0-5.0) 1.0 (0.0-2.2) .004
Substantial depressive symptoms n (%)" 9 (10) 2013 258
Data present mean + standard deviation or median (interquartile range) when skewed
BMI body mass index; IBS-SSS IBS symptom severity score; IBS-QoL IBS quality of life
"Based on the hospital anxiety and depression score (HADS) cutoff > 8
Fig.2 Instability of severity A B
score over time. Dynamics of 15+
IBS symptom severity score 400+
over time (A), and values were o
presented as interquartile with 8 300+
a boxplot. Samples taken at dif- : § 10+
ferent timepoints are connected £ o
11 . d (&
by solid lines per subject. 3 200
Distribution of change of the é 54
severity score over time with a 100 -
histogram (B)
0- ‘ |
T1 T2 -200 -100 0 100 200
Time Change of the severity score over time

different between IBS severity groups. In addition, the
change of the genus-level taxa over time was not correlated
with the change of the severity score over time (Supple-
mentary Table 4). Next to IBS severity, we also assessed
associations between fecal microbiota composition and pre-
dominant stool patterns in IBS over time. Some genus-level
taxa were associated with predominant stool patterns, such
as Alistipes with constipation. However, in line with the IBS
severity observations these associations were only observed
at a single timepoint, and not consistent over time (Supple-
mentary Table 5).

Dynamics of the Association Between Questionnaire
Data and Microbiota Composition Over Time

The largest proportion of microbiota variation was explained
by the individual (R*=70.07%), when data of both time-
points was included. Age was significantly and consistently
associated with microbiota composition at T1 (R*=2.75%)
and T2 (R*=3.63%, Fig. 5). IBS explained a stable pro-
portion of microbiota variation over time (R*p; =2.41%,
R%*:,=2.30%). At T1, Bristol stool scale and symp-
tom severity score were significantly associated with

@ Springer
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Fig.3 Analysis of fecal microbiota alpha and beta diversity for IBS
patients and controls and severity groups over time. Shannon diver-
sity displayed as interquartile with boxplot, stratified for IBS and con-
trols (A), symptom severity groups and controls (B). PCoA of micro-
biota composition based on weighted Unifrac distances, stratified for
IBS and controls. Samples taken at different timepoints are connected
by solid lines per subject (C). Comparison of microbiota composi-

microbiota composition, and explained, respectively, the
first and second largest proportion of microbiota variation
out of all participant characteristics (R*gis 01 sto01 = 3-69%
RZSevemy: 3.17%). However, at T2 the proportion of varia-
tion explained by Bristol stool scale and symptom severity
score decreased, and was not significant anymore. This indi-
cates large dynamics of explained microbiota variation by
participant characteristics over time. We did not observe an
association between dietary intake and microbiota variation.
Moreover, no correlations were found between macronu-
trient, lactose, or maltose intake and relative abundance of
Bifidobacterium, Terrisporobacter, and Turicibacter.

No Difference in SCFAs Between IBS, Controls,
and Severity Groups

Large within and between person variation in SCFA lev-
els was observed at both timepoints (Fig. 6), but no dif-
ferences were found between IBS severity groups or IBS
and controls. When subjects were stratified based on the
predominant stool pattern, acetate was consistently higher
in diarrhea-predominant IBS compared to patients with
constipation (p; =0.000; p, =0.008). Linear mixed model
analysis revealed that acetate, propionate, and butyrate were
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Axis.1 [32.2%]

tion stability based on weighted Unifrac distances over time between
IBS patients and controls Values are presented as mean = standard
error (D). Linear model indicated no association between the changed
severity score and weighted Unifrac distance of microbiota com-
position over time (E). PCoA of microbiota composition based on
weighted Unifrac distances, stratified for symptom severity groups
and controls (F)

not associated with psychological factors over time (Supple-
mentary Table 6). No correlations were observed between
diet and SCFAs, except for lactose intake and butyrate
(r=-0.182, p=0.046, Supplementary Table 7).

Discussion

We performed a longitudinal study to examine the dynamics
of fecal microbiota and SCFA levels between IBS severity
and controls over time. Moreover, we assessed the associa-
tion between fecal microbiota and SCFAs with stool pat-
tern, IBS-QoL, anxiety, depression, and diet. We did not
find any difference in microbial alpha diversity, composi-
tion, or SCFAs between the control and IBS severity groups.
Multiple taxa were significantly different in relative abun-
dance between IBS and controls were found at different
timepoints, but consistent differences were only observed
for Bifidobacterium, Terrisporobacter, and Turicibacter.
Moreover, consistently lower acetate levels were found in
only constipation-predominant IBS patients. Longitudinal
analysis showed a large within and between subject variation
in IBS severity, predominant stool pattern, and their associa-
tion with microbiota composition.
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Fig.4 Genus-level taxa that significantly differed in relative abundance between IBS patients and controls (A), or between severity groups and
controls (B). Data are presented as interquartile with boxplot

Population characteristics

Population characteristics

Dietary nutrients
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Severity_score =
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IBS IBS 4
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Anxiety =
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Body_image -
Interference_with_act 4
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Relationship =
IBS_QoL 4

Dysphoria =

Depression -
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Interference_with_act
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Severity_score =
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Monosacharides -

Carbohydrates_total 5
Protein_total
Single_unsaturated_fat
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Energy -

Plant_protein 4
Dietary_fibers -
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Fat_total 5
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but lower level acetate in constipation-predominant IBS patients.
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Our results showed no significant difference of fecal
microbial alpha diversity and composition in IBS, indicat-
ing that the number, distribution, and phylogenetic identity
of microbial ASVs were similar between IBS and controls.
This is in line with some studies [14, 37], but not all [38—41].
These conflicting results could be due to different methods
used for the analysis, variations in discriminative power of
different 16S rRNA gene regions, variations in inclusion and
exclusion criteria, as well as heterogeneity of IBS cohorts
[8]. Although the individuality explained the largest pro-
portion of microbiota variation when looking at genus-level
taxa, we observed several consistent microbial signatures
associated with IBS over time. Lower relative abundance of
Bifidobacterium in IBS patients has been reported in previ-
ous studies with a cross-sectional study design [8], which we
found to be consistent over time. Remarkably, we found both
Bifidobacterium and lactose consumption significantly lower
in IBS patients compared to controls. Lactose has been sug-
gested as one of the carbon sources of Bifidobacterium [42,
43]. However, the relative abundance of Bifidobacterium
and lactose were not correlated in our study. Interestingly,
Bifidobacterium supplements have been reported to improve
IBS symptoms [44, 45], however, relief of symptoms was
not always associated with an increase in relative abundance
of Bifidobacterium [46]. This supports our observation that
Bifidobacterium was not associated with symptom severity,
but with IBS itself. Remarkably, we observed consistently
higher relative abundance of Terrisporobacter and Turici-
bacter in IBS. Both taxa are thought to regulate the bio-
synthesis and release of serotonin and may play a role in
IBS pathophysiology [47-50]. As these taxa have not been
associated with IBS before, this finding may provide poten-
tial targets for future research.

Due to the accessibility without invasive procedures, fecal
samples were the most commonly used to explore the role
of gut microbiota in IBS [8]. It is evident that fecal samples
only represent the end of the colon and previous studies have
shown that comparing samples from small intestine and
colon provides relevant insights into the microbiota at other
locations in the intestine of IBS patients [37, 51]. Hence, our
study cannot exclude that potential key microbes at other
locations in relation to IBS are overlooked. Nevertheless,
longitudinal studies require repeated sampling without dis-
turbing the intestine, taking samples from other locations
nearly impossible without invasive procedures.

In our study, we found some taxa to be associated with
IBS severity at one of the two timepoints. However, differ-
ences were not consistent over time. IBS symptom sever-
ity itself changed drastically within four weeks, and the
explained variance of microbiota composition by severity
also indicated large dynamics over time. Moreover, we did
not find any correlation between the change of the sever-
ity score over time with the change of the genus-level taxa

in relative abundance over time, which indicates that IBS
symptom severity seems not the reason causing changes
in the relative abundance of fecal microbial taxa. A cross-
sectional study by Tap et al. (2017) [14] and a longitudinal
study by Mars et al. (2020) [15] have suggested that micro-
bial signatures are associated with IBS symptom severity.
However, the dynamics of the microbial signatures over time
has not been determined in these two studies. Our study
shows that the microbial signature associated with symptom
severity is not stable longitudinally. Therefore, caution is
needed in identifying signatures based on cross-sectional
comparisons, which may change over time.

Increasing evidence indicates that IBS symptoms and
microbiota composition are associated with carbohydrate
intake [52, 53], and especially the FODMAPs [54, 55]. In
our study, we did not find an association between micro-
biota composition and carbohydrate intake. Furthermore,
after comparing the microbiota composition between IBS
patients following the FODMAP diet or not, no difference
was found. This might be due to the large dietary differences
within the FODMAP diet and between studies. Further stud-
ies assessing the effects of carbohydrates on IBS symptoms
and microbiota are needed.

The main microbial metabolites, SCFAs, have been sug-
gested as a biomarker of IBS [16, 56]. However, approxi-
mately 80% of SCFAs produced in the gut are absorbed,
and therefore not found in fecal samples [57], which may
limit the effectiveness of fecal SCFAs as a biomarker. In our
study, we did not find differences in SCFA levels between
IBS and controls, while we confirmed that acetate was con-
sistently lower in constipation-predominant IBS compared
to diarrhea-predominant IBS [16]. This might be explained
by the shorter transit time in diarrhea, leaving less time for
absorption of SCFA in the gut, as shown in people with slow
colonic transit [58].

Our study is strengthened by the longitudinal design,
which enabled us to assess dynamics of fecal microbiota and
SCFAs associated with IBS severity. Moreover, we assessed
diet and psychological factors, which are altered in IBS, thus
giving a more complete overview of the IBS patient. How-
ever, due to our observational study design we cannot deter-
mine causality. In addition, given the large variability over a
short period of time in symptom severity scores, maintaining
consistently equal-sized groups of severity was challenging.

In conclusion, consistent fecal microbiota and SCFA sig-
nature associated with IBS severity were not found. Interest-
ingly, the relative abundances of the genera Bifidobacterium,
Terrisporobacter, and Turicibacter were consistently differ-
ent between IBS and controls over time, giving directions
for future explorations. The importance of inclusion of mul-
tiple timepoints was demonstrated by the large within and
between person variation of observed IBS severity, stool pat-
tern, and their association with fecal microbiota composition
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over time. Hence, conclusion of single-timepoint studies in
the past should be reconsidered, and future studies are highly
recommended to take time-dynamics into account.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10620-022-07543-3.
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