
Citation: Perello A, Vega AB, Carrasco N, Martos L, Garcia I, Garcia M, et al. Methanogenic Flora does not 
Influence Therapeutic Responses to Fiber during Chronic Constipation: A Randomized Crossover Clinical Trial. J 
Gastroenterol Liver Dis. 2021; 6(1): 1017.

J Gastroenterol Liver Dis - Volume 6 Issue 1 - 2021
Submit your Manuscript | www.austinpublishinggroup.com 
Perello et al. © All rights are reserved

Journal of Gastroenterology, Liver & 
Pancreatic Diseases

Open Access

Abstract

Introduction: Methane gas production by gut microbiota has been 
associated with Chronic Constipation (CC) and delayed intestinal transit. 
Therapeutic fibre is a substrate for this fermentation and its effects are 
influenced by gas production. Our trial focuses on the possible deleterious effect 
of methane production in CC patients treated with fermentable fibre.

Methods: A cross-over, double blind, randomized trial comparing two 
types of fibre, with different fermentability, partially (Isphagula husk) or poor 
(methylcellulose). Before and at the end of each 4-week treatment phase we 
evaluated stool characteristics, colonic transit time and hydrogen/methane 
production.

Results: Seventy-six patients with CC were evaluable (93% women); mean 
age was 50.1 years; 19.8% had IBS-C/80.2% functional constipation (Rome 
III criteria) and 69.7% were methanogenic (M+). Therapeutic response to fibre 
was similar with Ispaghula and methylcellulose (25.0% vs. 22.4% p=0.62) 
regardless of methanogenic status. Colonic transit shortened significantly only 
with Isphagula (Beta=-17.2 h). In M+ group, methylcellulose reduced methane 
levels (p=0.004) and Isphagula had no effect. Both fibres produced no changes 
in abdominal pain (p=0.76) and distention (p=0.11).

Conclusions: In chronic constipation neither methanogen status nor 
fermentative characteristics of fibre influences therapeutic response. Changes 
in colonic transit may explain different fibre effects in gas production. This 
randomized trial confirms the results of our previous, not controlled study, which 
ruled out a deleterious effect of methanogenic status using Ispaghula husk in 
chronic constipation. Therefore, his easy-to-get biological marker (methanogenic 
status) is not useful in this context.
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Introduction
Functional Chronic Constipation (CC), which comprises 

Functional Constipation (FC) and constipation-type Irritable Bowel 
Syndrome (IBS-C), is a prevalent diagnosis in primary care. In this 
context, fiber has become a cornerstone of initial management [1-
5], and ispaghula husk is the most recommended form [6] because 
significant improvement in symptoms such as straining, sensation of 
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incomplete evacuation, mean number of stools [7] and accelerated 
whole-gut transit time by increasing luminal bulk [8,9] has been 
demonstrated. Ispaghula husk is a soluble fiber highly fermented by 
microbiota with the production of Methane (CH4), Hydrogen (H2), 
and other unabsorbed carbohydrates throughout the gastrointestinal 
tract [10,11]. Hydrogen and methane are excreted in breath, allowing 
measurement of their production using breath testing [12-17]. 
Worldwide, a third of healthy individuals without any gastrointestinal 
symptoms produce methane (M+) [18], and higher prevalences have 
been found in individuals with different pathological conditions. In a 
previous study by our research group, we reported an M+ prevalence 
of 52.6% in healthy individuals and 60.5% in CC patients (p=ns), 
as well as a significantly higher level of methane production in M+ 
constipated patients than in M+ healthy controls, with a baseline 
methane level (ppm) of 22 vs 11; p<0.05 and an AUC (ppm min-

1) of 4350 vs 1679; p<0.05) [19]. Methane is believed to modulate 
intestinal function [20-23] since Pimentel et al. showed in an animal 
model that CH4 increases non-propagating small bowel contractile 
activity and slows intestinal transit [20]. In humans, high levels of 
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methane production are associated with slow intestinal transit and 
constipation, and methane reduction is associated with constipation 
improvement [16,19,24-32]. More recently, a microbiota composition 
analysis showed that Methanobrevibacter smithii is the dominant 
methanogen during IBS-C. The proportion of Methanobrevibacter 
smithii in stool correlates well with the amount of methane found in 
breath [33], and Methanobrevibacter and Akkermansia populations 
increase with stool firmness and are more prevalent in slow-transit 
individuals [32].

However, the putative cause/effect relationship among methane, 
constipation and the possible mechanisms of transit delay are far from 
clear. Moreover, contrary to methane’s putative deleterious effects, 
other studies of CC report its positive influence [34]. In a recent study 
of microbiota during IBS, symptom severity was negatively associated 
with exhaled CH4 and the presence of methanogens [35]. In fact, some 
authors claim that methanogenesis may prevent abdominal bloating 
by reducing the volume of abdominal gas because the synthesis of 
methane consumes four atoms of hydrogen and one atom of carbon 
[11,34]. Taking into account these associations, there is increasing 
interest in methane as an easily accessible biological marker for 
constipation disorders with the greatest current potential to help 
identify subgroups of patients responding to specific functional 
therapies [16,22,23,36].

In this sense, we hypothesized that the presence of methanogenic 
microbiota influences the host’s response to ingestion of fermentable 
fiber, which may increase CH4 production and delay colonic transit, 
causing a worse response to treatment that would not occur during 
treatment with a nonfermentable fiber. To test this hypothesis, 
we chose two popular commercially available fiber treatments: 
ispaghula husk, a highly fermentable fiber and methylcellulose, a 
nonfermentable; we then tested them in the same CC patients in a 
crossover randomized controlled trial.

Patients and Methods
Study design

This was a randomized double-blind controlled crossover efficacy 
study over 12 weeks of two types of therapeutic fiber in CC patients. 
The study was conducted in three phases (Figure 1): an initial baseline 
period and two treatment periods with a wash out of two weeks 
between them. For each treatment period, patients received both an 
active treatment and a placebo of its counterpart to maintain double-
blind conditions.

Active treatments were either 3.5 g of ispaghula husk (psyllium) 
(Plantaben®; Rottafarm SL, Barcelona, Spain) or 250 mg of 
methylcellulose (Fagron Iberica SAU, Terrassa, Barcelona, Spain) t.i.d. 
Ispaghula husk and methylcellulose were given at their maximum 
recommended daily doses according to their product labels. To 
improve the tolerability of the fiber, it was administered only twice 
a day during the first week. Ispaghula husk and methylcellulose 
placebos were prepared to maintain similar appearances and tastes. 
The ispaghula husk placebo consisted of sachets containing 1.6 g of 
saccharose (Fragon Iberica), 3 g of the food thickener VEGENAT-
Med® (Venpharma Laboratorios, Barcelona, Spain), 200 mg of tartaric 
acid and sodium bicarbonate. The methylcellulose placebo was 
administered as a capsule of identical presentation, each containing 

600 mg of saccharose.

Ispaghula husk sachets, methylcellulose capsules and their 
corresponding placebos were supplied in kits. Participants were 
instructed to ingest the contents of one sachet stirred in 200 mL of 
water and the two capsules before meals three times a day with another 
glass of water; additionally, participants had to drink sufficient water 
to achieve approximately 1.5-2 liters of fluid a day.

The study was approved by the Institutional Review Board of 
Viladecans Hospital and the Ethical Committee of our campus and 
was performed in accordance with the ethical standards as laid down 
in the 1964 Declaration of Helsinki and its later amendments. Clinical 
trial number is 2010-023958-36 and it is available through the EU 
Clinical Trials Register (https://eudract.ema.europa.eu/).

Study population
Participants were recruited at the primary care centers in our 

area and screened at our community hospital. Eligible female and 
male patients were aged 18-75 years and had idiopathic chronic 
constipation. At the hospital, the clinical presentation was re-evaluated 
by the gastroenterologist, and additional investigations were ordered 
if necessary. The exclusion criteria included patients with alternating 
constipation and diarrhea or predominant symptoms of obstructive 
defecation, pregnant or breastfeeding women, history of abdominal 
surgery (except hysterectomy, cholecystectomy and appendectomy), 
organic digestive disease, insulin diabetes mellitus, connective 
tissue disease, or any significant cardiac, neurological, endocrine 
or oncological disorder. Patients taking opioids, anticholinergics or 
calcium antagonists were also excluded. Individuals were not eligible 
if they had started taking psychotropic drugs in the previous month, 
had used antibiotics or undergone a colonoscopy cleansing procedure 
in the previous 3 months. Additionally, patients taking fiber 
supplements, laxatives, or constipating drugs who were unwilling to 
discontinue these medications for at least 2 weeks prior to the study 
were excluded. Finally, patients who were unable to follow the study 
instructions were excluded.

Patients entered the study if a definitive diagnosis of IBS with 
Constipation (IBS-C) or Functional Constipation (FC) was confirmed 
following Rome III criteria. IBS classification into the IBS-C subtype 
was performed based on Bristol Stool Form scale characteristics.

Informed consent was obtained from all individual participants 
included in the study. After written informed consent was obtained, 
participants underwent the baseline 2-week period without laxatives. 
However, rescue laxatives for severe constipation (i.e., at least 3 days 
after the previous bowel movement) such as oral macrogol, glycerin 
suppositories or microenemas were allowed during the study, and 
their use was documented in the diary of daily stools and symptoms. 
Excluding this change in the use of laxatives, patients were instructed 
to maintain their usual lifestyle, physical activity and diet throughout 
all the study periods. After this period, if inclusion criteria were 
confirmed and exclusion criteria were still absent, the patient was 
enrolled in the study and was randomized to begin taking ispaghula 
husk or methylcellulose (Figure 1).

Assessments
Clinical evaluation, compliance to the study protocol and possible 

adverse events were carried out at inclusion, 6 weeks (on the last day 

https://eudract.ema.europa.eu/
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of treatment phase 1) and 12 weeks (on the last day of treatment 
phase 2). The habitual dietary fiber and water intake was evaluated 
during the baseline phase.

The following measurements were taken for comparison at the 
end of the baseline period and at the end of each treatment phase: 
standardized stool and symptom diary, health-related Quality of Life 
(QoL), colonic transit time and H2/CH4 breath test.

The participants maintained a standardized diary in which at the 
end of the day, the patient recorded the number of Bowel Movements 
(BMs) and the characteristics of each BM, including (1) stool 
consistency using the 7-point Bristol Scale, (2) presence of straining 
(yes/no) and (3) sensation of complete bowel emptying (yes/no). 
A BM was deemed a Spontaneous Bowel Movement (SBM) if no 
laxative, enema, or suppository was taken in the preceding 4 days 
or a Complete Spontaneous Bowel Movement (CSBM) if the patient 
indicated that the SBM was associated with a sensation of complete 
bowel emptying. Each day, patients also recorded the severity of 
abdominal discomfort and bloating using a 3-point ordinal severity 
scale (1_none or mild, 2_moderate, 3_severe).

Each patient’s health-related quality of life was assessed using a 
specific questionnaire (CVE-20) [37], which evaluates the impact of 
constipation on 4 domains: emotional, general physical, rectal physical 
and social quality of life. CVE-20 is the first specific questionnaire 
in the Spanish language for constipated patients; it is valid, reliable, 
sensitive to changes and meets the psychometric requirements to be 
applied in daily practice and clinical trials.

Colonic transit time was assessed by the multiple capsule 
technique, which requires the ingestion of two capsules containing 
a total of 20 radio-opaque markers (Marquat Genie Biomedical®, 
Boissy-Saint-Leger Cedex, France), on days 1, 2 and 3, followed by 
abdominal X-rays on days 4 and 7 [38-39]. Hydrogen and methane 
production was measured by a conventional 180 min breath test [40]. 
All participants underwent breath testing with lactulose (Lainco SA, 
Rubi, Barcelona, Spain). The day before testing, participants were 
instructed to consume a carbohydrate-restricted diet to avoid slow-
digesting carbohydrates, and there was a 12 h fasting time before the 
test. Good oral hygiene was recommended. Smoking and exercise 
were not permitted on the day of testing. Participants were instructed 
to avoid deep inspiration and not to hyperventilate before exhalation. 
A fasting H2 level of >10 was considered a dietary indiscretion, and 
the test was rescheduled. After the breath samples were obtained 
from the fasting participants, they ingested a solution of lactulose 

(10 g in 100 mL of water). End-alveolar breath samples were 
collected at 15-min intervals for 3 h using a 750 mL bag (Quintron 
Instruments, Milwaukee, WI, USA) and analyzed immediately 
for the concentrations of H2 and CH4 using a gas chromatography 
analyzer (Quintron Microlyzer Self-Correcting Model SC; Quintron 
Instruments). The values were expressed in Parts Per Million (ppm) 
in room air. A mean methane excretion of ≥2 ppm was used to 
define participants as “methane producers” (M+). Breath H2 and CH4 
measurements for each participant and test were plotted against time 
in a graph and analyzed using a software package (Prism 3.0 and 
InStat; GraphPad, San Diego, CA, USA). The following parameters 
were obtained for breath H2 and CH4: (1) fasting, (2) peak and (3) area 
under the curve (AUC; ppm/min). We also performed a one-time 
methane measurement by taking a single breath sample at baseline 
without an overnight fast or the use of standardized instructions (i.e. 
inhaling and exhaling normally) through a drinking straw into a test 
tube (foil bag) for 2-5 seconds.

The primary outcome measure was the complete response to 
treatment defined as having, in third and fourth weeks of treatment, 
≥3 CSBMs per week and an increase of ≥1 CSBM relative to baseline. 
We also considered a less demanding response, named positive 
response, when the third and fourth weeks of treatment showed ≥3 
SBMs (but not necessarily complete) per week and an increase of ≥1 
SBM relative to baseline.

The site investigator assessed all patient-reported Adverse Events 
(AE) and determined their relationship with study treatment.

Statistical analysis
To estimate the required sample size, we assumed a 60% 

methanogenic prevalence among our constipated population. 
Previous studies reported a successful response rate of 50% with 
fermentable fiber [2]. We considered that a 25% difference in efficacy 
between treatment groups would be clinically significant. With 
a crossover design, a sample of 88 patients was required with 80% 
power, 5% significance and 10% loss to follow-up.

Categorical variables were described using frequencies and 
percentages. Continuous normal variables were summarized using 
mean and Standard Deviation (SD). Continuous non-normal 
variables were summarized using median and interquartile range. 
Normality was assessed analytically using the Shapiro-Wilk test and 
graphically using a quantile plot. Mixed-effects models were used 
to account for the patient clustering and to assess treatment impact 
on therapeutic response. The residues and conditions of model 

Figure 1: Study protocol.
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application were assessed. Group comparisons were reported as 
baseline-adjusted with 95% confidence intervals. The relationship of 
one-time methane measure and methanogen status during an LBT 
was assessed using Fisher’s exact test. Wilcoxon signed-rank sum 
test was used to examine the changes in continuous non-normal 
variables. Statistical significance was set at 0.05. Analyses were based 
on the intention-to-treat principle. Statistical analysis was performed 
using R version 3.4.3 for Windows.

Results
Primary care physicians invited a total of 323 constipated patients 

to participate, 271 came to the hospital for the first visit and 135 
met all the inclusion criteria. Eventually 88 were randomized as 47 
persons declined to participate (Figure 2). Complete paired data 
were available for the 76 participants who completed both treatment 
periods and were included in the intention-to-treat analysis.

Demographics and baseline characteristics
Baseline characteristics of 76 participants included in the analysis 

(Table 1). Most of the participants were women, the proportion of 
FC was 80.2% (n=61), and the remaining patients had IBS-C. These 
two functional constipation subpopulations had the same proportion 
of methanogenic cases 42/61 (68.9%) in FC and 11/15 (73.3%) in 
IBS-C. Furthermore, we observed no differences in baseline mean 
levels of methane from LBT in the FC patients compared with the 
IBS-C patients (11.2 [SD 18.5] ppm vs 18.8 [SD 35.7] ppm; p=0.43). 
In relation to the bowel movements registered by the stool diary the 
median CSBM was lower in FC compared to IBS-C patients ( 3 [Q1-
Q3 2.0-5:0] vs 5 [Q1-Q3 4.0-5:5]); p=0.02). The IBS-C group had 
higher abdominal pain score than patients with FC (median (SD); 
2.0 (0.5) vs 1.5 (0.5); p=0.05). There were no differences in baseline 
colonic transit time between FC and IBS-C patients (76.8 h [Q1-Q3 
40.8.-115] vs 76.8 h [Q1-Q3 58.8-99.6]; p=0.8).

One-time methane measure
The results of the one-time methane measure show a significant 

degree of agreement for predicting methanogen status based on the 
180 min lactulose breath test (Table 2).

Figure 2: CONSORT diagram showing study enrollment period and 
participation.

Characteristics Value

Methane status

Methanogenic 53 (69.7%)

Non-methanogenic 23 (30.3%)

Sex

Female 71 (93.4%)

Male 5 (6.6%)

Age (years)

Mean (SD) 50.1(13.2)

Median (Q25-Q75) 51.0 (41.0-59.0)

Body mass index

Mean (SD) 25.2 (3.3)

Median (Q25-Q75) 24.9 (22.9-27.1)

Smoking status

Never 56 (73.6%)

Ex-smoker 3 (4.0%)

Smokers 17 (22.4%)

Comorbilities

Cardiovascular 16 (21.1%)

Digestive 15 (19.7%)

Endocrinological 14 (18.4%)

Musculoskeletal 12 (15.8%)

Respiratory 5 (6.6%)

Neurological 9 (11.8%)

Depression/anxiety 11 (14.0%)

CVE-20 mean (SD) 11.5 (6.4)

Emotional 9.6 (5.1)

General physical 6.4 (3.9)

Rectal physical 4.1 (3.0)

Social

Time of constipation

>10 years 62 (82.6 %)

5-10 years 6 (8.0 %)

<5 years 7 (9.3 %)

Current laxative use

None 8 (10.5 %)

Osmotic agents 35 (46.9 %)

Bulking agents 33 (43.8 %)

Stimulant laxatives 26 (34.4 %)

Estimated water intake L/day mean (SD) 1.23 (0.43)

Estimated fiber intake g/day mean (SD) 14.8 (5.65)

Table 1: Baseline characteristics of 76 participants in the ITT population.
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Primary outcome measures
The rate of complete response was 25.0% with ispaghula husk and 

22.4% with methylcellulose (p=0.62), although a positive response 
was higher with both fibers (Figure 3), again without significant 
differences between the two fibers (p=0.60). The rate of these positive 
responses for M+ and M- patients (Figure 3). In fact, the multivariate 
analysis shows the efficacy of treatment is independent of the type 
of fiber and the patient’s methanogen status (0.72 95% CI 0.20; 2.61, 
p=0.62). A “carry-over” effect between treatment and period of 
administration (0.7395% CI 0.12; 4.37, p=0.73) was not observed. The 
reported levels of product consumption were >80% in both periods.

Secondary outcome measures
Abdominal pain and abdominal distention scores at the end 

of the treatment (Table 3). No differences were found between the 
treatment groups.

Colonic transit time
A comparison of four-week ispaghula husk consumption vs 

baseline showed significantly shortened colonic transit times in both 
M+ and M- patients, while consumption of methylcellulose did not 
(Figure 4).

Lactulose breath test analysis
In M+ participants, ispaghula husk treatment did not change 

gas production during the LBT; with methylcellulose, we observed 
a significant decrease in breath methane levels in parallel with a 
significant increase in breath hydrogen levels (Figure 5).

In M– patients, neither fibers had an effect on breath methane and 
hydrogen levels (area under curve, ppm*min-1) (data not shown).

Health-related quality of life
The multivariate analysis demonstrated no significant influence 

of any of the treatments or methanogen status on the posttreatment 
scores. In fact, only baseline scores were associated with higher 
posttreatment scores.

Rescue medication
Eight patients (10.4%) consuming nonfermentable fiber and 3 

patients (4.2%) consuming fermentable fiber used rescue medication 
(p=0.13). In addition, there were no significant differences in rescue 
medication between methanogen patients (n=6, 5.7%) and non-
methanogen patients (n=5, 11.6%).

Adverse events
Ten patients (13.9%) reported adverse events during 

methylcellulose treatment, and nine (13.2%) reported adverse events 
during ispaghula husk treatment. The majority of patients reported 
abdominal symptoms during the study, such as distension and 
flatulence (n=5, nonfermentable fiber and n=8, fermentable fiber). 
No patient reported any serious adverse event. Methanogen status 
and fiber fermentability did not significantly influence the report 
of adverse events with respect to treatment (p=0.40 and p=0.93, 
respectively).

Discussion
Several previously published Randomized Controlled 

Trials (RCTs) have studied the effects of both fermentable and 
nonfermentable fiber in individuals with chronic constipation [41-

One-time CH4 measure M- (n=23) M+ (n=52) p*

<2 ppm 20 (87%) 5 (9.62%) <0.001

≥2 ppm 3 (13%) 47 (90.4%) <0.001

Table 2: One-time methane measure and the determination of methanogen 
status by lactulose breath test.

LBT: Lactulose Breath Test; CH4: Methane Gas; ppm: Parts Per Million; M-: non-
methanogen; M+: Methanogen. Fisher’s exact test.

Ispaghula husk Methylcellulose p
Abdominal pain score

Median [Q25-Q75] 1.50 [1.03; 2.00] 1.57 [1.00; 2.00] 0.76

Abdominal distention score
Median [Q25-Q75] 1.93 [1.28; 2.00] 1.93 [1.14; 2.00] 0.11

Table 3: Abdominal symptoms recorded during treatment.

Figure 3: Rate of positive response to laxative therapy in global population 
(n=76), methane positive (n=53) and methane negative patients (n=23).

Figure 4: Changes of Colonic Transit Time (CCT) at the end of each 
treatment. CCT was singntifically shorter in ispaghula husk group compared 
to methylcellulose group (Beta=-17.2 h).

Figure 5: Methane and hydrogen levels after non-fermentable and 
fermentable fibre in methane producers.
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46], and current guidelines advocate the use of therapeutic fiber as 
a first line therapy for constipation. The most recent RCT summary 
presenting the effects of both fermentable and nonfermentable 
therapeutic fiber in patients with chronic constipation was performed 
in 2011 by Suares et al., [47], but the majority of these RCTs had a 
small sample size, and none accounted for baseline dietary fiber 
consumption. In this regard, we have observed in our study 
population a poor basal intake of dietary fiber and it is important 
to say that differences in the amount of dietary fiber intake could 
influence efficacy results between clinical trials addressing therapeutic 
fiber in CC.

Our study compares therapeutic doses of methylcellulose and 
ispaghula husk and shows that both agents exert a modest effect, which 
is similar to findings of other studies that considered nonrestrictive 
and more restrictive criteria for responses and included not only 
stool frequency but also complete evacuation sensation, as pointed 
out by Dr. Raja and other recently pivotal trials studying the use of 
laxatives in CC [46,48,49]. In a recent primary care trial, Bijkerk et 
al., [50] evaluated the efficacy of 10 g of ispaghula (psyllium) over 12 
weeks of treatment in a subgroup of patients with C-IBS, showing 
that this fiber led to improvement in 28% and was more effective than 
the placebo, which was not significantly different from secondary care 
findings. Moreover, Hamilton et al., [41] compared various doses of 
methylcellulose and ispaghula and showed that both agents exerted 
a modest effect in terms of stool frequency and consistency without 
differences between agents. Available data suggest that significant 
modification of colonic motility by ispaghula increases luminal 
bulk, resulting in increased peristalsis [8]. Currently, there has been 
increasing research regarding the importance of the gastrointestinal 
microbiota to gut function and the effect of probiotics on gut motility 
and constipation. Studies have shown that specific probiotics may 
help decrease gut transit time in people with or without constipation 
[51].

Independent of the criteria for responses used, our main goal was 
to analyze differences in the rates of response between methanogen 
and non-methanogen patients using a more accurate methodology 
than in our previous study [19]. We observed that ispaghula husk 
significantly accelerates transit time without leading to the expected 
increase in methane production in methanogen patients. This result 
could be explained by the fact that accelerated intestinal transit time 
would give less time for gas production during the lactulose breath 
test. Recent studies report that Methanobrevibacter and Akkermansia 
are more prevalent in slow-transit individuals, suggesting that changes 
in colonic transit contribute to colon ecosystem differentiation 
and act as a strong confounding factor for methanogenic 
microbiota composition [32,52]. Although H2/CH4 breath testing 
remains a useful, inexpensive, simple and safe diagnostic tool in 
gastroenterology, it is well known that it has some limitations, and 
the interpretation of these tests is subject to discussion; moreover, 
there is significant heterogeneity in test performance, indications 
and interpretation of results [16]. Recently, some authors evaluated 
the relationship between intestinal CH4 production measured in 
rectal samples and breath excretion of CH4 in a large cohort of IBS 
patients and have pointed out that breath methane is not an accurate 
marker of colonic methane, as proposed by DiStefano et al., [53], who 
suggested breath CH4 excretion should undergo an in-depth revision 

because this method is not a good marker of CH4 colonic production. 
Recently, new microbiota quantification techniques permit the 
introduction of microflora quantification in the equation of gas 
production. There is controversy as to whether the rate and amount 
of methane production depend only on the methanogen microflora 
present in the colon or whether it also depends on gut transit time. 
Parthasarathy et al., [54] suggest that breath methane production is 
associated with several genera of Bacteroidetes and Firmicutes that are 
different from those associated with colonic transit. Moreover, breath 
methane production was not correlated with colonic transit. They 
also observed that while the mucosal microbiota is associated with 
constipation independently of colonic transit, the fecal microbiota 
is associated with colonic transit and breath methane production. 
Finally, they suggest that the microbiota profile associated with 
breath methane is not explained by slow colonic transit.

Wolf et al., [55] evaluated the sigmoid colonic mucosal and fecal 
abundance of Hydrogenogenic FeFe (FeFe-hydA), hydrogenotrophic 
Methyl Coenzyme M Reductase A [mrcA], and Dissimilatory 
Sulfite Reductase A [dsrA]) genes with qPCR assays. They also 
determined breath hydrogen and methane levels with scintigraphy 
of 25 constipated females after oral lactulose and colonic transit and 
observed breath hydrogen and methane were not correlated with 
constipation, slow colon transit, or with abundance of corresponding 
genes. Thus, they concluded that breath gases do not directly reflect 
the abundance of target genes contributing to their production.

One limitation of our study is that we did not analyze the 
microbiota and therefore cannot correlate microbiota data with 
changes in gases and colonic transit time. A secondary objective of 
our work was to correlate changes in abdominal distension or bloating 
with gas production. In parallel to the absence of an increase in gas 
production with a fermentable fiber, the participants did not report 
increased bloating associated with ispaghula husk. Additionally, Levitt 
et al., [56] evaluated psyllium and methylcellulose in human patients 
and reported no significant change in the frequency of passed gas 
and abdominal bloating compared to individuals taking the placebo. 
Others have also reported no significant increase in rectal expulsion of 
gas, including CO2, or the excretion of methane and hydrogen in the 
breath due to psyllium compared to use of a placebo [57,58]. Taken 
together, our results do not support that gas symptoms reported by 
some patients as an adverse event have no relationship with amounts 
of hydrogen and methane gas produced during fermentable fiber 
treatment. Although they are highly fermented, ispaghula husks do 
not promote gas generation by gut flora, indicating that mechanisms 
other than bacterial fermentation could elicit gaseous symptoms 
during fiber therapy [56,57]. Other authors such as Ghoshal et al., [59] 
observed that abdominal bloating depends not only on the volume of 
gas inside the lumen of the gut but also on its preferential retention 
within the small bowel, as well as on gut motility, visceral sensation 
and regularity and completeness of defecation [23,59,60]. We have 
not observed that therapeutic fiber used judiciously, without overdose 
and with progressive introduction, in a constipated population with 
a poor basal intake of dietary fiber, can exacerbate problems with 
abdominal pain or distension. Additionally, no differences were 
found with respect to quality of life after fiber treatment.

Related to methane status classification, we have demonstrated 
that a one-time methane measure, not a fasting breath test measure, 
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is sufficient to classify patients as low- and high-methane producers. 
If CH4 becomes a clinically useful biomarker, this approach can 
significantly decrease cost and shorten the study time compared to a 
180-min lactulose breath test.

Our results are in contrast to those of Pimentel et al., [61], who 
tested the ability of rifaximin plus neomycin to improve constipation 
in IBS patients; this improvement depended on the elimination of 
methane suggesting a pathological role of methanogenesis in these 
constipated patients.

Our chronically constipated population includes patients 
with IBS-C and FC; the Rome III criteria define them as mutually 
exclusive conditions, but there is growing evidence that there is a 
large overlap between these two functional gastrointestinal disorders. 
In accordance with this concept, our constipated patients may switch 
from one category to another depending on the degree of pain 
over time. The Rome Foundation has made efforts to address these 
limitations with Rome IV criteria [62].

In conclusion, our study demonstrates that methane does not 
have a deleterious effect on the response to ispaghula husk treatment 
in chronic constipation patients. Finally, there is plenty of room 
for research to identify the mechanism of action of methane on 
intestinal motility before recommending methane as a biomarker for 
the diagnosis of constipation-related disorders or as a biomarker for 
selecting patients who may benefit from specific therapy.

Units
ppm=parts per million, ppp*min-1=parts per million per minute, 

g=gram, mg=miligram, mL=milliliter
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