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ReseaRch aRticle 

INtRODUctiON
In 2007, it was reported that water in which hydrogen has 
been dissolved (hydrogen water) possesses an antioxidant 
effect that efficiently and directly removes hydroxyl radicals.1 
Water with alkaline properties including hydrogen generated 
by electrolysis has been known as alkaline electrolyzed water 
(AEW) in Japan.2 Naito et al.3 reported that AEW possesses 
antioxidant activity. Tashiro et al.4 at around the same time 
performed a large-scale clinical evaluation of the effectiveness 
of AEW in improving gastrointestinal symptoms. Taking 
as their participants showing abdominal complaints such 
as heartburn, stomach discomfort, abdominal distension, 
diarrhea, and constipation, they investigated the general 
improvement in abdominal issues in participants drinking 500 
mL of either AEW or non-electrolyzed purified tap water (PW) 
daily over a period of 4 weeks. They report that the AEW-
drinking group saw better results, while symptoms such as 
diarrhea and constipation were also substantially ameliorated 
in that group compared to the PW-drinking control group.4 
We have previously investigated the effects of drinking AEW 
in healthy participants who do not experience abdominal 
complaints, and have reported that AEW ingestion normalizes 
stool consistency.5 Recently, the effects of the alkaline-reduced 
drinking water on irritable bowel syndrome with diarrhea have 
also been reported by Shin et al.6

Takagi et al.7 have been investigating and researching the 

stool consistency of Japanese participants using the Bristol 
stool scale (BSS),8 an evaluation method for categorizing the 
consistency of stool into seven types: Type 1 (separate hard 
lumps, like nuts); Type 2 (sausage-shaped, but lumpy); Type 
3 (like a sausage but with cracks on its surface); Type 4 (like 
a sausage or snake, smooth and soft); Type 5 (soft blobs with 
clear cut edges); Type 6 (fluffy pieces with ragged edges, a 
mushy stool); and Type 7 (watery, no solids, entirely liquid). 
They reported that 60% of healthy males generally tended 
toward loose stool (BSS Type 5 or 6), and discussed the 
possibility that the balance of the gut microbiota composition 
had an effect on stool consistency trends. Other studies9,10 also 
reported numerous microbes affecting stool consistency.

We have previously published a paper regarding a mouse 
experiment, in which the participants ingested hydrogen-
dissolved AEW in advance of the experiment. We found 
not only did the antioxidant mechanisms act directly and 
indirectly on oxidative stress in mice, but also confirmed that 
the balance of the gut microbiota composition changed, with 
active compounds such as short-chain fatty acids increasing, 
even under non-stress conditions during which no oxidative 
stress was applied.11 In an experiment on gut microbiota in 
humans who were ingesting hydrogen-rich water, Sha et al.12 
investigated the diversity and abundance of gut microbiota 
based on 4-week and 8-week ingestion of hydrogen-rich 
water by soccer players undergoing long-term, high-intensity 
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sports training. They found that an oxidative stress marker, 
malondialdehyde, decreased and that total antioxidant capacity 
increased.

There have hitherto been no published studies on the 
connection between stool consistency and changes in gut 
microbiota composition caused by the ingestion of hydrogen-
dissolved AEW by normal healthy individuals who do are 
not subject to intense oxidative stress due to factors such as 
excessive exercise. The present study investigates the link 
between stool consistency and changes in gut microbiota in 
the stool of healthy individuals who have drunk hydrogen-
dissolved AEW.

PaRticiPaNts aND MethODs
Participants
We recruited healthy volunteers as test participants, but ex-
cluding smokers, people who regularly take antioxidants, and 
people who already regularly ingest AEW. The participants 
were instructed not to engage in strenuous exercise for the 
duration of this study. Written informed consent was obtained 
from all the participants. The randomization was carried out 
by the researcher who had no clinical involvement in this trial. 
Participants and researchers were all blinded to the test water 
allocation. Using block randomization, he divided a group of 
20 male test participants aged 30–59 years and living in Kofu 
City, Yamanashi Prefecture, into two test groups: AEW group, 
consisting of 10 participants (C, F, G, K, L, N, O, P, Q, S) who 
drank AEW, and PW group, consisting of 10 participants (A, 
B, D, E, H, I, J, M, R, T) who drank PW. Participant charac-
teristics are presented in Table 1. No significant differences 
existed between the groups with respect to age, height and 
weight. Each test participant was handed two hermetically 
sealed aluminum pouches (each containing 250 mL of AEW or 
PW) per day. We investigated the influence of drinking AEW 
on gut microbiota and stool condition by means of a double-
blind randomized trial in which each participant was asked to 
ingest two pouches (500 mL) daily over a period of 2 weeks 
(January 2018). This study was retrospectively registered in 
the University Hospital Medical Information Network (UMIN) 
Clinical Trials Registry (UMIN ID: UMIN000039507; Date of 
Registration: February 18, 2020). All experimental protocols 
were approved by the Ethics Committee of the University of 
Yamanashi (approval No. H30-25) on January 9, 2018, and 
all techniques were performed in accordance with the relevant 
guidelines and regulations. The writing and editing of the 
article were performed in accordance with the CONsolidated 
Standards Of Reporting Trials (CONSORT) Statement (Ad-
ditional file) and the trial flow chart is shown in Figure 1.

Preparation of test water
One pouch-worth of each of the different types of test water 
was generated using the methods outlined below. Aluminum 
pouches were used so as not to allow hydrogen molecules to 
pass through easily. We confirmed that there was no change 
in water quality – such as loss of hydrogen concentration in 
the test water – during the storage time between collecting the 
water in the pouch and drinking the water.

PW: PW was made from ordinary University of Yamanashi 
tap water, purified using the activated carbon filter of an al-
kaline ionized water apparatus (TK-HS92, modified for this 
study, Panasonic, Kusatsu, Japan),13 and the water being passed 
through at a flow rate of 2.0 L/min without electrolysis. About 
250 mL of the PW was collected in each aluminum pouch 
before it was hermetically sealed.

AEW: After purifying tap water from the University of 
Yamanashi in the same manner as the PW, the diaphragm-
type Pt electrode electrolytic cell inside the alkaline ionized 
water apparatus was used to electrolyze the water at a constant 
current. As a result of this electrolysis, a certain quantity of 
hydrogen molecules and hydroxide ions were generated on the 
cathode side and dissolved by running the water at a flow rate 
of 2.0 L/min, so that the pH and hydrogen dissolution amount 
generated stable AEW. About 250 mL of AEW was collected 
in each aluminum pouch, which was then hermetically sealed.

The test water characteristics were: (for PW) hydrogen 
concentration 0.0 mg/L, pH 7.6; (for AEW) hydrogen concen-
tration 0.3 mg/L, pH 9.5. In this test, the water ingested by all 
the participants came from the same tap water source, with 
the water ingested by one test group being purified only, while 
that of the other test group was purified and then electrolyzed. 
The difference in ingested ingredients from the AEW and the 
PW was therefore limited to only the alkalinity resulting from 
the hydrogen molecules and hydroxide ions (OH–) generated 
by the electrolysis of the water. The pH of the test water was 
measured using a pH meter (HM-20P, DKK-TOA, Tokyo, 
Japan), and the hydrogen concentration was measured using 
a portable dissolved hydrogen meter (DH-35A, DKK-TOA, 
Tokyo, Japan).

table 1: age, weight and height distribution of the 
participants

Group Age (yr) Weight (kg) Height (cm)

PW 43.7±8.4 75.8±11.6 173.2±3.5
AEW 44.3±7.8 71.2±8.2 172.0±5.7

Note: Data are expressed as mean ± SD (n = 10). AEW: Alkaline electrolyzed 
water; PW: purified tap water.

Figure 1: A trial flow chart.
Note: AEW: Alkaline electrolyzed water; BSS: Bristol stool scale; PW: purified 
tap water.
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collection of stool samples 
To measure gut microbiota, samples were taken from the 
participants’ stool. Sampling was performed twice, the day 
before initiating the ingestion test and the day the 2-week test 
ended, with the participants themselves taking the samples 
immediately after getting up in the morning using the stool-
sampling kit (FS-0006, Techno Suruga Lab, Shizuoka, Japan). 

classification of stool consistency
Stool consistency and defecation frequency were noted by the 
participants themselves in a daily survey, which was collected 
each week. The participants categorized their stool into types 
1–7 using the BSS.

The stool consistency types 1 to 7 as determined by the 
participants were converted into points (1 to 7 points) and set 
as BSS values. Because the number of defecations can be 0 or 
multiple times per day, the Modified BSS value was collected 
based on the mean score for each individual over 2 days. This 
was arrived at by adding up the BSS values for all defecations 
over 2 days and dividing by the number of defecations. The 
following Equation (1) shows this process. 

(1)

To compare the results from before and after drinking the 
test water, we calculated both the Modified BSS value before 
drinking from the day before the test started and the day of 
test start, and the Modified BSS value after drinking from the 
test end date and the day before the test end date.

Microbiota analysis by 16s rRNa gene sequencing
Stool samples were suspended in guanidine thiocyanate solu-
tion in the Stool collection kit (FS-0006, Techno Suruga Lab, 
Shizuoka, Japan).14 Bacterial genomic DNA was extracted 
using a NucleoSpin Microbial DNA kit (Macherey-Nagel, 
Düren, Germany). Approximately 500 µL of the stored stool 
sample was placed in a microcentrifuge tube containing 
100 µL of elution buffer. The mixture was then placed into 
a NucleoSpin Beads Tube (Macherey-Nagel) with protein-
ase K and was then subjected to beating with mechanical 
beads for 12 minutes at 30 Hz in a TissueLyzer LT (Qiagen, 
Hilden, Germany). The subsequent extraction procedure was 
performed according to the manufacturer’s instructions.15 
Extracted DNA samples were purified using an Agencourt 
AMPure XP (Beckman Coulter, Brea, CA, USA). Microbiota 
analyses by 16S rRNA gene sequencing were conducted 
by Takara Bio Inc. The V3–V4 region was amplified using 
forward primer 341F (5′-TCG TCG GCA GCG TCA GAT 
GTG TAT AAG AGA CAG CCT ACG GGN GGC WGC 
AG-3′) and reverse primer 806R (5′-GTC TCG TGG GCT 
CGG AGA TGT GTA TAA GAG ACA GGG ACT ACH VGG 
GTW TCT AAT-3′). The italicized sequences in the primers 
are the Illumina overhang adapter. PCR amplification was 
done using the following program: initial denaturation at 
94˚C for 1 minute; 28 cycles of 98˚C for 10 seconds, 50˚C 
for 15 seconds, and 68˚C for 15 seconds; and a hold at 4˚C.
The amplicons were adapted with Illumina sequencing adapt-
ers and dual-index barcode sequences using a kit (Nextera 

XT Index Kit v2 SetA/B/C/D; Illumina Inc., San Diego, 
CA, USA), after which they were purified (AMPure XP 
Beads; Beckman Coulter Inc., Brea, CA, USA) according 
to the manufacturer’s instructions. The prepared libraries 
were subjected to sequencing of 250 paired-end bases using 
the MiSeq Reagent v3 kit and the MiSeq (Illumina) at the 
Biomedical Center at Takara Bio.11

sequence data analysis 
Post-processing sequencing data were analyzed using Quan-
titative insights into Microbial Ecology (QIIME pipeline, ver. 
1.8.0., http://qiime.org/).16 First, sequenced paired-end reads 
were joined to construct contigs. In the representative sequence 
preparation step, CD-HIT-OTU (ver. 0.0.1., http://weizhongli-
lab.org/cd-hit-otu/) was conducted for clustering operational 
taxonomic units (OTUs). Next, chimeric contigs were removed 
as far as possible by applying the CD-HIT-OTU algorithm. 
After removing the chimeric contigs, the remaining contigs 
were clustered into OTUs with 97% sequence similarity.

Taxonomic identification was performed at the phylum 
and genus levels. To acquire taxonomic information for each 
OTU, representative sequences were aligned to the Greengenes 
16S rRNA database (g_13.8)17 by PyNAST (Version 1.2.2, 
https://pypi.org/project/pynast/) and assigned to its database 
for classification by RDP classifier (Version 2.2, https://rdp.
cme.msu.edu/classifier/). Likewise, a homology search was 
conducted for representative sequences and assigned to the 
DNA Data Bank of Japan 16S ribosomal RNA database by 
BLASTN (Version 2.2.20, https://blast.ncbi.nlm.nih.gov/). 
Alpha diversity indices were computed at a sequence depth of 
87,474 sequences for the sample with the lowest sequence. To 
construct a phylogenetic tree based on the aligned sequences to 
the Greengenes 16S rRNA database, and the unweighted-pair 
group method using arithmetic means (UPGMA), clustering 
was applied to unweighted UniFrac distance matrices to build 
an UPGMA tree using FastTree (Version 2.1.3, http://www.
microbesonline.org/fasttree/).

statistical analysis
With regard to microbiota analysis, we compared the be-
fore- and after-drinking data from each test group using the 
Wilcoxon signed-rank test. The observed species, Chao 1 
and Shannon indices were calculated using the R “phyloseq” 
package and were statistically analyzed using a two-sample 
t-test. Statistical analyses were applied using GraphPad Prism 
Ver. 8.2.0 (GraphPad Software Inc., San Diego, CA, USA).
An F-test was performed to investigate the population vari-
ance ratio and estimate whether the variance of the Modified 
BSS values before drinking was equal to the variance of the 
Modified BSS values after drinking. The test was performed 
using the Microsoft Excel add-in Statcel4 (OMS Publishing, 
Saitama, Japan). Differences were regarded as statistically 
significant for P values of < 0.05.

ResUlts
Microbial diversity and cluster analysis
Alpha-diversity between before and after the tests of the two 
groups was compared using three different indices [the ob-
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served species, the Chao 1 index (OTU richness estimation), 
and the Shannon index (OTU evenness estimation)] (Figure 
2A–C). However, there was no statistically significant dif-
ference in alpha-diversity between before and after the test. 

Hierarchical clustering analysis was performed on the gut 
microbiota of the test participants both before and after drink-
ing each type of water. For all participants in the AEW group 
except for K and O, changes in microbiota before and after 
drinking were all within the same cluster, and did not cross 
the boundaries of individuals (Figure 3). For the PW group, 
on the other hand, changes in the microbiota of all participants 
before and after drinking were within the same cluster. Drink-
ing AEW therefore did not drastically change gut microbiota.

microbiota in each participant was compared before and 
after the test (Figure 4A and B). At the phylum level, the gut 
microbiota of the participants were, as often seen in Japanese 
participants, made up largely of Actinobacteria, Bacteroides, 
and Firmicutes.18,19 The AEW group’s relative abundance of 
Actinobacteria increased in nine participants (all but K) as 
shown in Figure 5A, with the mean value increasing sig-
nificantly, while the PW group’s relative abundance of Acti-
nobacteria, as shown in Figure 5B, decreased in five while 
increasing in the other five, but with no statistically significant 
change. There was no significant difference in the relative 
abundance of Bacteroides or Firmicutes.

BA C

Figure 2: Alpha-diversity of gut microbiota in the healthy participants before 
and after of 2-week drinking either hydrogen-dissolved alkaline electrolyzed 
water (AEW) or purified tap water (PW). 
Note: (A) Observed species; (B) Chao 1 index; (C) Shannon index. Data are 
expressed as mean ± SD, and were analyzed by two-sample t-test.

Figure 3: Cluster analysis of gut microbiota in the healthy participants before 
and after 2-week drinking either hydrogen-dissolved alkaline electrolyzed 
water (AEW) or purified tap water (PW).
Note: Blue participant (consisting of participants C, F, G, K, L, N, O, P, Q, S): AEW, 
Black participants (consisting of participants A, B, D, E, H, I, J, M, R, T): PW. 
Abscissa axis indicates the evolutionary distance.

comparison of changes in gut microbiota
We compared, by means of a double-blind comparison test, 
the changes in gut microbiota and stool consistency induced 
by drinking either AEW or PW over a period of 2 weeks. 
Participants were randomly divided into two groups, consist-
ing of an AEW group (n = 10) and a PW group (n = 10), who 
ingested 500 mL of AEW or PW per day. 

First, the relative abundance, at the phylum level, of gut 

A

B

Figure 4: Heatmap of microbial communities (phylum-level) in the stool 
samples in healthy participants between before and after of 2-week drinking 
either hydrogen-dissolved alkaline electrolyzed water (AEW; A) or purified 
tap water (PW; B), as obtained by next-generation sequencing. 

A B

Figure 5: The change of the relative abundance of Actinobacteria before 
and after the experiment (boxplot) and the change in each test participant 
(indicated by lines connecting “before” and “after” points on the graph) for 
the AEW group (A) and the PW group (B).
Note: Data are expressed as mean ± SD, and were analyzed by Wilcoxon signed-
rank test. AEW: Alkaline electrolyzed water; n.s.: not significant; PW: purified tap 
water.

Next, the relative abundance at the genus level of gut micro-
biota in all of the participants was compared before and after 
the test (Figure 6A and B). There was no significant change 
(increase or decrease) in the various genera that make up the 



Tanaka et al. / Med Gas Res

Medical Gas Research ¦  December  ¦ Volume 11 ¦ Issue 4142

www.medgasres.com

Bacteroides and Firmicutes phyla in either the AEW group 
or the PW group between before and after the experiment. 
However, in the AEW group, the relative abundance of Bifi-
dobacterium increased in nine participants (all but K), similar 
to the analysis of the Actinobacteria phylum, even among 
the genera comprising the Actinobacteria that significantly 
increased in number, with the mean value also increasing sig-
nificantly (Figure 7A). The relative abundance of Bacteroides 
and Clostridium revealed a decreasing trend in the AEW group, 
though the difference was not statistically significant. Just as 
on the phylum level, the relative abundance of Bifidobacterium 
in the PW group showed an increase in five participants and 
a decrease in the other five (Figure 7B), with no significant 
increase or decrease. 

The closest relatives of OTU Cluster 0 and OTU Cluster 
2, which were detected as the predominant OTUs among 
Bifidobacterium (which were significantly increased by AEW 
intake), were Bifidobacterium longum and Bifidobacterium 
adolescentis, respectively. As shown in Figure 8, both showed 
a significant increase (P < 0.05).

Drinking AEW does not change gut microbiota drastically, 
but it is considered to act on specific bacteria, and this study was 
able to confirm that it caused an increase in Bifidobacterium.

A

B

A B

Figure 7: The change in mean value of the relative abundance of 
Bifidobacterium before and after the experiment (boxplot) and the change 
in each test participant (indicated by lines connecting “before” and “after” 
points on the graph) for the AEW group (A) and the PW group (B).
Note: Data are expressed as mean ± SD, and were analyzed by Wilcoxon signed-
rank test. AEW: Alkaline electrolyzed water; n.s.: not significant; PW: purified tap 
water.

Figure 8: Comparison of OTU Cluster 0 and OTU Cluster 2, which were 
detected as predominant OTUs among Bifidobacterium (which were increased 
significantly by AEW intake) before and after ingesting the AEW.
Note: Data are expressed as mean ± SD, and were analyzed by Wilcoxon signed-
rank test. AEW: Alkaline electrolyzed water; OTU: operational taxonomic unit.

test of distribution of modified Bss values before and after 
ingestion
By performing an F-test on the modified BSS value population 
variance ratio before and after the experiment, we were able 
to confirm that the population variance of the Modified BSS 
value after the test was significantly smaller than that for the 
modified BSS value before the test; and that even in healthy 
participants, intake of AEW showed a significant tendency to 
cause stool consistency to converge to a “normal” state (Type 
4). These results are shown in Figure 9A. With regard to the 
PW group, by performing an F-test on the modified BSS 
value population variance ratio before and after the test, we 
were able to confirm that there was no significant difference 
in population variance in Figure 9B.

Figure 6: Heatmap of microbial communities (genus-level) in the stool 
samples, as obtained by next-generation sequencing in healthy participants 
before and after 2-week drinking either hydrogen-dissolved alkaline 
electrolyzed water (AEW, A) or purified tap water (PW, B).
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DiscUssiON
We compared, by means of a double-blind comparison test, 
the changes in gut microbiota and stool consistency induced 
by drinking either hydrogen-dissolved AEW or PW over 
a period of 2 weeks. The relative abundance of the Bifido-
bacterium genus increased in the AEW group, and showed 
a significant increase after the test compared to beforehand. 
Among Bifidobacterium, the closest relatives of OTU were 
Bifidobacterium longum and Bifidobacterium adolescentis, 
with both showing a significant increase. In addition, the AEW 
group saw their stool consistency significantly converge to BSS 
Type 4 (“normal”). Kohno et al.20 reported on the relationship 
between gut microbiota and stool consistency, and reported 
that by having humans ingest Bifidobacterium in the form of 
tablets, the gut microbiota composition was transformed and 
stool consistency was normalized.

Sha et al.12 published a report on changes in the relative abun-
dance of Bifidobacterium resulting from intake of hydrogen 
water. It did not provide numerical data, but they reported that, 
prior to drinking AEW, the relative abundance of Bifidobacte-
rium in their hydrogen water group was less than that of their 
control water group, but that the gap was largely eliminated 
after drinking AEW. In our study, we performed a comparative 
evaluation of two groups with largely equal (i.e., no significant 
difference) relative abundances of Bifidobacterium who drank 
either AEW containing hydrogen or PW, and were thereby able 
to confirm an increase in the Bifidobacterium population in the 
intestine as a result of drinking AEW. Consequently, we were 
able to support their findings. Although Sha et al.12 reported 
that the diversity of the gut microbiota changed significantly, 
our results indicated no recognizable or significant difference 
regarding alpha-diversity, and demonstrated the possibility 
of intake of AEW acting not on a wide range of bacteria but 
rather on specific types (Bifidobacterium in our present study).

For example, Blautia is a well-known intestinal bacterium 
that generates short-chain fatty acids via hydrogen metabo-
lism.21 We assumed that Bifidobacterium might also metabo-
lize hydrogen, but as Wolf et al.22 noted, “hydrogenases were 
entirely absent from the Bifidobacteria”, the probability of this 
occurring may be quite low. On the other hand, as reported by 
Shimamura et al.23,24 intestinal bacteria such as anaerobic Bifi-
dobacteria are harmed by even small amounts of oxygen. Based 
on their behavior under microaerobic conditions, Rodríguez 

et al.25 classified Bifidobacteria into three classes: unable to 
grow (Class 1), able to grow (Class 2), and only able to grow 
in the presence of catalase (Class 3).

The Bifidobacterium longum seen to increase in our present 
study has high sensitivity to oxygen, is in Class 3, and can 
grow in the presence of catalase, which breaks down H2O2. 
Furthermore, Bifidobacterium adolescentis has exceptionally 
high (Class 1) sensitivity, and cannot grow even in the pres-
ence of traces of oxygen. With regard to the growth potential 
of anaerobic bacteria in low-oxygen environments, it is sur-
mised that there is a relationship between the enzyme activity 
involved in the generation and elimination of substances such 
as reactive oxygen and H2O2. It can be hypothesized that hydro-
gen molecules, which exhibit antioxidant action, are involved 
in this oxidation/antioxidation pathway, and that this acts as 
an indirect growth factor for Bifidobacteria, which are highly 
sensitive to oxygen.

Before our study began, we did not anticipate any increase 
in specific bacterial species, so statistically relevant sample 
sizes could therefore not be determined in advance. We hope 
that future studies will be carried out on hydrogen as an anti-
oxidant and that the reliability of the results obtained on gut 
microbiota can thereby be further secured.26-31 In this trial, 
male participants were selected. But the effects of drinking 
AEW on irritable bowel syndrome or the stool consistency 
have been reported using male and female mixed participants 
in previous researches.5,6 Therefore, we think that it is highly 
likely that the gut microbiota will be changed by drinking 
AEW, even in female.
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CONSORT 2010 checklist of information to include when reporting a randomised trial* 
 

Section/Topic 
Item 
No Checklist item 

Reported 
on page No 

Title and abstract 

 1a Identification as a randomised trial in the title 1 

1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 1 

Introduction 

Background and 

objectives 

2a Scientific background and explanation of rationale 2-3 

2b Specific objectives or hypotheses 3 

Methods 

Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio 4 

3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons 4 

Participants 4a Eligibility criteria for participants 4 

4b Settings and locations where the data were collected 4 

Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 

actually administered 

4 

Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they 

were assessed 

6-8 

6b Any changes to trial outcomes after the trial commenced, with reasons N/A 

Sample size 7a How sample size was determined 4 

7b When applicable, explanation of any interim analyses and stopping guidelines N/A 

Randomisation:    

 Sequence 

generation 

8a Method used to generate the random allocation sequence 4 

8b Type of randomisation; details of any restriction (such as blocking and block size) 4 

 Allocation 

concealment 

mechanism 

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 

describing any steps taken to conceal the sequence until interventions were assigned 

4 

 Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 

interventions 

4 

Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those 4 
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assessing outcomes) and how 

11b If relevant, description of the similarity of interventions N/A 

Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes 8 

12b Methods for additional analyses, such as subgroup analyses and adjusted analyses N/A 

Results 
   

Participant flow (a 

diagram is strongly 

recommended) 

13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and 

were analysed for the primary outcome 

5 

13b For each group, losses and exclusions after randomisation, together with reasons N/A 

Recruitment 14a Dates defining the periods of recruitment and follow-up 2 

14b Why the trial ended or was stopped N/A 

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 5 

Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was 

by original assigned groups 

11-13 

Outcomes and 

estimation 

17a For each primary and secondary outcome, results for each group, and the estimated effect size and its 

precision (such as 95% confidence interval) 

11-14 

17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended N/A 

Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing 

pre-specified from exploratory 

NA 

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) NA 

Discussion 
   

Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 15-16 

Generalisability 21 Generalisability (external validity, applicability) of the trial findings 15-16 

Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 15-16 

Other information    

Registration 23 Registration number and name of trial registry 16 

Protocol 24 Where the full trial protocol can be accessed, if available 16 

Funding 25 Sources of funding and other support (such as supply of drugs), role of funders 16 

 

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also 

recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. 

Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org. 

http://www.consort-statement.org/

