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Abstract

Background Dietary fiber (DF) is beneficial for preventing constipation, and the metabolites produced by gut micro-
biota fermentation are suggested to positively influence on depression and sleep. Additionally, constipation has been
reported to affect mental health and health-related quality of life (HRQoL). This study aimed to increase DF intake

and examined its effects on daily DF and 3-G consumption using two types of waxy barley (WB), rich in DF with vary-
ing B-glucan (3-G) content. Additionally, this study examined the effects of WB consumption on defecation, sleep,
mental health, and HRQoL.

Methods A randomized double-blind parallel-group comparison study was conducted on 68 young Japanese
women, using Kirarimochi (Group K) as common WB cultivar and Fukumi Fiber (Group F) as high-3-G WB cultivar.
Participants consumed WB rice for 4 weeks, targeting 3 g/day of -G (48 g/day of WB). We estimated the intake of WB
and DF including -G from the daily records. Defecation was evaluated through daily records and Rome IV criteria-
based surveys. Sleep, mental health, and HRQol were evaluated using PSQI-J, J-PHQ-9, and SF-36, respectively.

Results Both groups consumed about 40 g/day of WB. DF and 3-G intakes from barley were 6.3 g/2.5 g in Group
Kand 10.7 g/4.3 g in Group F. Regarding defecation, both groups showed increases defecation days, defecation
frequency and stool amount, with no differences between groups. Regarding sleep, Group F showed a decrease
(improvement) in the PSQI global score, with improvements noted between groups. Regarding mental health,

both groups showed decreases (improvements) in the PHQ-9 score, with Group F showing improvement

between groups. Regarding HRQol, summary scores showed improvements: physical health in Group Kand mental
health in Group F.

Conclusion To increase 3-G intake, high-f3-G WB cultivars are effective; however, WB cultivars overall can potentially
serve as excellent sources of DF. Effects on defecation may be expected not only from high-f3-G WB but also from
common WB with 3-G intake below the target of 3 g/day. Although high 3-G WB may have more beneficial for sleep
and mental health, additional studies are required.
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Background

The intake of dietary fiber (DF) is known to have posi-
tive effects on bowel movements, weight management,
carbohydrate and lipid metabolism, and the gut micro-
biota. It is also beneficial for preventing cardiovascular
diseases, type 2 diabetes, and colorectal cancer [1, 2].
Furthermore, insufficient DF intake has been suggested
to also be associated with chronic inflammation and
depression [1]. However, according to the Global Burden
of Disease Study [3], which surveyed 195 countries, DF
intake in 2017 was below 20 g/day in most regions, with
especially low levels observed in Asia. Japanese adults’
DF intake averaged over 20 g/day in the 1950 s, but dur-
ing the high economic growth period of the 1960 s, it
significantly decreased [4, 5]. According to 2019 statis-
tics [6], DF intake of men and women in their 20 s to 50 s
was below the dietary reference intakes (20-21 g/day for
adult men and 17-18 g/day for adult women, Ministry of
Health, Labour and Welfare, 2020 edition) [7], especially,
with women in their 20 s having the lowest intake among
adults, averaging 14.6 g [6].

On the other hand, regarding constipation closely asso-
ciated with insufficient DF, the Global Study [8], which
investigated the prevalence of functional gastrointestinal
disorders (FGID) across 33 countries on six continents,
reported that the prevalence of functional constipation
(EC) without organic disease among Japanese individu-
als was 16.6%, a comparatively high rate compared to
other countries. Additionally, globally, functional con-
stipation (FC) is more common in women than in men
[8]. In Japan, the prevalence of constipation (per 1000
population) also sharply increases among women, with
rates of 16.9 compared to 4.1 for men aged 15-19 years
[9]. It is known that Japanese women maintain high
levels of constipation prevalence even after their 20 s,
indicating a more severe condition. Reviews on consti-
pation have reported that it affects mental and physical
aspects of quality of life (QoL), with an impact compara-
ble to other common chronic diseases [10]. Even among
Japanese individuals, reduced health-related quality of
life (HRQoL) scores and impacts on work productivity
and activity have been reported [11]. Furthermore, the
health burden is reported to be greater than that of con-
ditions like type 2 diabetes mellitus (T2DM) and irrita-
ble bowel syndrome (IBS) [12]. Considering constipation
and its associated impacts, it is important to examine
dietary approaches that contribute to its prevention and
improvement.

In this study, we focused on waxy barley as a means
to increase DF intake to aid in constipation manage-
ment. In recent years in Japan, waxy barley has gained
attention for its good texture and nutritional value,
especially its high DF content, and waxy barley rice,
made by cooking whole grains mixed with rice, has
become increasingly popular [13]. Barley is one of the
most important grains cultivated worldwide, rich in
DF alongside oats, and contains a higher proportion of
B-glucan (B-G), a type of soluble DF, compared to other
major cereals [14, 15]. Additionally, waxy barley refers
to a type of barley with very low or no amylose content
in its starch and contains higher levels of B-G com-
pared to non-waxy barley [13, 16]. Therefore, for Japa-
nese people whose staple food is rice, consuming waxy
barley rice could serve as an excellent source of DF by
providing an affordable and consistent intake of waxy
barley in their daily meals, potentially contributing to
constipation management.

Barley and barley-derived B-G are known for various
physiological functionalities, and both the European
Food Safety Authority (EFSA) and Health Canada have
approved health claims regarding their cholesterol-
lowering effects [17-19]. Additionally, the benefits of
barley and barley-derived B-G on lipid and carbohy-
drate metabolism, including the suppression of post-
prandial blood glucose levels [20, 21], have been widely
reported. Furthermore, studies have been advancing
on their effects on immunity and inflammation, as well
as the composition and metabolic products of the gut
microbiota [22]. However, although the impact of DF
on constipation is perhaps its best-known benefit [1],
the effect of barley consumption on constipation has
been examined in very few studies. Neither past nor
recent meta-analyses on the effects of DF on constipa-
tion have included studies using barley or f-glucan [23,
24].

Additionally, DF is known to influence the microbi-
ota-gut-brain axis [25], a bidirectional system linking
the gut, its microbiota, and the brain through various
pathways [26-28]. It is known that one of these inter-
actions involves short-chain fatty acids (SCFAs) like
acetate, propionate, and butyrate, which are produced
by the fermentation of DF by gut microbiota, playing
a role in regulating various bodily functions including
neurotransmitter synthesis and immune-inflammatory
responses [29]. Furthermore, several human studies
have reported that SCFAs are associated with anxiety
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and depressive symptoms [30, 31]. The first systematic
review investigating the association between SCFA
concentrations and mood disorders [32] reported
that although the mechanisms and direction of effects
remain unclear, SCFAs might be involved in depres-
sive symptoms. Additionally, regarding sleep, it has
also been suggested that SCFAs may positively influ-
ence sleep by acting on serotonin and GABA produc-
tion [33]. There have already been numerous positive
reports from animal studies on the effects of barley
administration on SCFAs, and some human studies
have also reported increases in fecal SCFA concentra-
tions with the intake of foods containing barley or bar-
ley-derived B-G [34—36]. Therefore, the intake of barley
has the potential to positively impact not only bowel
movements but also sleep and mental health, includ-
ing depressive symptoms. However, there are very few
reports examining the relationship between barley con-
sumption and sleep or mental health in humans.
Therefore, this study conducted an intervention trial
targeting young women, who face significant DF insuf-
ficiency and a rapid increase in constipation, using two
types of waxy barley with different -G contents. In
Japan, several domestic varieties of waxy barley have
been developed. One of these includes a cultivar of waxy
barley, developed to have about 1.5 times higher B-G
content compared to conventional non-waxy barley,
which is now extensively grown throughout Japan [37].
Subsequently, a waxy barley cultivar with more than
twice the B-G content of conventional waxy barley was
developed [38]. In this study, participants cooked one
of the two types of waxy barley at home and consumed
it as waxy barley rice aiming for a daily intake of 3 g of
B-G. This study aimed to examine, within an intervention
trial conducted as part of regular meals, how differences
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in waxy barley cultivars with varying -G content affect
the intake of -G and DF as well as their impacts on def-
ecation, sleep, mental health, and HRQOL. These results
may offer insights into effective methods for increasing
DF intake, which is often insufficient, the effects of bar-
ley consumption on defecation, and the potential health
benefits of barley other than the known lipid and carbo-
hydrate metabolism.

Methods

Study design and participants

We conducted a randomized double-blind parallel-group
comparison study on healthy young Japanese female col-
lege students. In this study, two waxy barleys were used
as the test food: “Kirarimochi,” a common cultivar of
waxy barley currently distributed in Japan, and “Fukumi
Fiber; a waxy barley cultivar extremely rich in B-G and
DEF. The intake period was four weeks beginning June 3,
2023, with a pre-intervention baseline study period of
two weeks before intake. We enrolled 68 healthy female
participants aged 18-22 and, using a computer-generated
permuted block method, divided them into two groups:
Group K (34 participants consuming the Kirarimochi
cultivar of waxy barley) and Group F (34 participants
consuming the Fukumi Fiber cultivar of waxy barley)
(Fig. 1). Exclusion criteria for participants were (1) those
with barley allergy; (2) those with wheat allergy, consid-
ering cross-reactivity; and (3) those who regularly used
medications or supplements for bowel movements, sleep,
or mental health.

The protocol for this study was approved by the
Research Ethics Committee for Human Participants of
Kobe Women’s University and Kobe Women’s Junior
College (Approval No. 2022-41 -1). Participants were
informed in advance of the purpose, methods, risks, and

Participant registration period: About one month starting in mid-April 2023

Enrollment and randomization(n=68)

{

Kirarimochi(n=34)

l

!
Fukumi Fiber(n=34)

l

Discontinued intervention(n=2)
*Declined for parsonal reason(n=1)
*Due to poor physical condition after

Discontinued intervention(n=1)
*Declined for parsonal reason(n=1)

ingestion(n=1)

Group K; Analyzed (n=32)

Fig. 1 Selection of participants

l

Group F; Analyzed (n=33)
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handling of personal information of the study, and their
written consent was obtained.

Test foods and intake methods

The test foods used were “Kirarimochi” (from Okay-
ama Prefecture, Japan), a naked barley cultivar of two-
row barley, used as a common waxy barley cultivar, and
“Fukumi Fiber” (from Okayama Prefecture, Japan), a
naked barley cultivar of six-row barley, used as a high-
B-G waxy barley cultivar. Both are waxy barley varieties
that contain higher amounts of -G than non-waxy bar-
ley [13, 16]. Additionally, although typical barley cultivars
have caryopsis with adhering hulls at maturity, known
as covered (hulled) barley, the cultivars employed in this
research are both a variant called naked (hulless) bar-
ley. Naked barley does not require extensive polishing
to remove the hull, allowing it to retain more nutrients,
including starch, protein, and B-G, in the barley grains
[39, 40]. Kirarimochi was registered as a cultivar by the
Ministry of Agriculture, Forestry and Fisheries (MAFF)
in 2009. It is a domestic barley cultivar with a higher B-G
content compared to existing naked barley cultivars, and
it has been confirmed to have a high preference among
Japanese people [13, 17]. It is now widely cultivated
across various regions of Japan. Fukumi Fiber, registered
as a cultivar in 2019, is a domestic barley cultivar with
extremely high B-G content and excellent grain quality
[38]. Presently, it is grown in western Japan, with a focus
on Hyogo and Okayama Prefectures.

In this study, we set a target intake of 3 g/day, the
amount of B-G that has been reported to have multiple
clinical benefits and is recognized by EFSA and FDA
as necessary to achieve specific health effects [41, 42].
Additionally, the ratio of waxy barley mixed with rice
was determined to be 30% considering the participants’
acceptance, and the daily intake was designed to be 48
g of dried waxy barley (112 g of polished rice). When a
certain amount (48 g/day) of each type of waxy barley
was consumed, the amount of p-G from barley was 2.93
g/day for Kirarimochi and 5.14 g/day for Fukumi Fiber,

Page 4 of 20

and the total DF amount was 7.39 g/day and 12.67 g/day,
respectively (Table 1). The content of Insoluble DF, high
molecular weight soluble DF, low molecular weight solu-
ble DF, and B-G in each waxy barley was quantified using
the AOAC 2011. 25 method at the Japan Food Research
Laboratories.

We packaged the amount of waxy barley per cup of rice
so that it could be cooked at home with a 30% waxy bar-
ley mixture and distributed dried waxy barley that could
not be identified by appearance. The packaged waxy bar-
ley was marked with an alphabet that did not identify the
cultivar it was, and its identity was also blinded to the
research staff who were dealing with the participants. The
participants mixed the distributed waxy barley with rice
in a fixed ratio and cooked it, consuming the prepared
waxy barley rice for 4 weeks. The participants needed to
consume approximately 370 g/day of waxy barley rice to
consume a certain amount of waxy barley (48 g/day).
Therefore, we explained that participants should replace
their habitual staple food with waxy barley rice and con-
sume approximately 185 g of waxy barley rice at least
twice per day. In addition, we provided participants with
a special bowl to guide the amount of waxy barley rice
per meal, ensuring consistent intake. Participants were
instructed to maintain their usual dietary habits with-
out making any changes, including altering their eating
habits or starting new supplements, during the 4-week
period of consuming the test food.

Survey schedule and content

The study schedule consisted of the first survey, the sec-
ond survey, and the third survey (Fig. 2). The first survey
was conducted during the two weeks before the interven-
tion and served as the baseline data for the participants.
Next, during the 4-week period of consuming waxy bar-
ley rice, the second survey and the third survey were con-
ducted. The second survey covered the first two weeks of
the four-week intervention period and included checking
the recording status of the survey during the interven-
tion. The third survey covered the latter 2 weeks of the

Table 1 Amount of $-glucan and dietary fiber contained when consuming a fixed amount (48 g/day) of each type of waxy barley

Kirari Mochi Fukumi Fiber
B-glucan ! 2.93g/day 5.14g/day
Total dietary fiber 2 7.39g/day 12.67g/day

' Analyzed by Japan Food Research Laboratories using (1 3), (1 4) B-glucan measurement kit (made by Megazyme)

2 Analyzed by Japan Food Research Laboratories, using AOAC 2011.25 method



Honda et al. Journal of Physiological Anthropology

(2025) 44:12

2weeks before

intervention period for 4 weeks
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(For baseline) 9weeks 2weeks
) f )
* survey Al * survey A2 * survey A3
- survey B + survey B - survey B
- PSQI-J - PSQI-J - PSQI-J
- J-PHQ-9 - J-PHQ-9 - J-PHQ-9
- SF-36 - SF-36 - SF-36
: short-FFQ - short-FFQ - short-FFQ
The first survey The second survey The third survey
(Baseline) (intermediate check)  (After intervention)

Survey Al recorded daily defecation for the two weeks before submission, and Surveys
A2 and A3 which also recorded daily intake of waxy barley rice. Survey B was
prepared based on the diagnostic criteria for chronic constipation in Japan. PSQI-J
The Japanese version of the Pittsburgh Sleep Quality Index. J-PHQ-9 The Japanese
version of the Patient Health Questionnaire-9. SF-36 MOS Short-Form 36-Item
Health Survey. short-FF@ Food Frequency Questionnaires NEXT short version.

Fig. 2 Study schedule and contents

intervention period. The survey content included the fol-
lowing six surveys: (1) Survey A (A1, A2, A3), (2) Survey
B, (3) the Japanese version of the Pittsburgh Sleep Qual-
ity Index (PSQI-J), (4) the Japanese version of the Patient
Health Questionnaire- 9 (J-PHQ- 9), (5) the Medical
Outcomes Study 36-Item Short-Form Health Survey ver-
sion 2 (SF- 36), and (6) the Food Frequency Question-
naires NEXT short version (short-FFQ). Survey A was
a daily recording survey conducted during the 2 weeks
prior to each submission, while the other five surveys
were conducted three times during the first survey, the
second survey, and the third survey.

Survey Al, referencing existing studies [43, 44], was
created to record daily defecation status over the two
weeks before submission. Surveys A2 and A3 were cre-
ated to record daily intake of waxy barley rice in addition
to defecation status. Based on the defecation records, the
average number of defecation days (defecation days/sur-
vey days), defecation frequency (defecation frequency/
defecation days), and stool amount (egg equivalents/def-
ecation days) were calculated. In addition, based on the
seven stool types recorded using the Bristol Stool Form
Scale (BS) [45, 46], we categorized BS types 1 and 2 as
clearly hard stools; BS types 3, 4, and 5 as typical stools;
and BS types 6 and 7 as clearly loose stools [44], and cal-
culated their respective percentages. For difficulty in
defecation, the percentages were calculated for three pat-
terns of subjective scales: no, slightly, and yes. In surveys
A2 and A3 on waxy barley rice consumption, participants
were asked to record the number of bowls of waxy barley

rice consumed at each meal, and the amounts of total
DF, insoluble DF, high molecular weight soluble DF, low
molecular weight soluble DF, and -G derived from waxy
barley were calculated.

Survey B was prepared based on the diagnostic crite-
ria for chronic constipation in Japan [47], which adopted
the international criteria Rome IV [46], and if two or
more of the six items (a—f) were checked, the participant
was diagnosed with constipation (Table 2). In addition,
if there was at least one symptom, it was considered as
presence of constipation symptoms. In this study, for
comparison within the group, the percentages of consti-
pation, constipation symptoms, and each symptom (a—f),
were analyzed before and after the intervention. For
comparison between groups, changes in constipation,
constipation symptoms, and each symptom (a—f) were
classified into three levels: improvement, unchanged, and
worsening. The quantified scores of these changes were
then utilized for analysis.

The PSQI-J is used to evaluate subjective sleep quality
over a one-month period and consists of seven component
scores (sleep quality, sleep onset latency, sleep duration,
sleep efficiency, sleep disturbances, use of sleep medica-
tion, and daytime dysfunction) [48, 49]. In this study, the
seven component scores (range, 0-3) and the PSQI global
score (range, 0—21) which is the sum of these scores, were
calculated and used in the analysis to evaluate sleep status.
Higher overall scores indicate lower subjective sleep qual-
ity, and the optimal PSQI-] cut-off value for sensitivity and
specificity in Japanese is reported to be 5.5 [49].
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Table 2 Survey on constipation symptoms (Survey B)
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1. Forthe past month, Check all thatapply from the following.

a. Straining hard during more than one-fourth (25%) of defecations.
b. Lumpy or hard stools (BSFS 1-2) more than one-fourth (25%) of

defecations.

c. Sensation of incomplete evacuation more than one-fourth (25%) of

defecations.

d. Sensation of anorectal obstruction/blockage more than one-fourth

(25%) of defecations.

e. Manual maneuvers to facilitate more than one fourth (25%) of

defecations (eg, digital evacuation, support of the pelvic floor)

f. Fewer than 3 spontaneous bowel movements per week

2. Haveyouhad symptoms for more than 6 months?
*Yes -No

Based on diagnostic criteria for chronic constipation in Japan made according to Roma IV

The J-PHQ- 9 is a questionnaire consisting of nine
items extracted from the Patient Health Questionnaire
(PHQ), a self-administered version of PRIME-MD, which
was developed for evaluating mental disorders in primary
care [50, 51]. It assesses mental and physical conditions
over a 2-week period, and its Japanese version has been
proven effective for evaluating the severity of depression
[50]. In this study, the scores for nine items (range, 0—3)
and the PHQ- 9 score (range, 0-27) were calculated and
used in the analysis to evaluate mental health. Higher
scores indicate more severe symptoms of depression [51].

The SF- 36 is a 36-item self-administered questionnaire
designed to measure comprehensive health concepts by
eight areas as a survey of HRQoL, and has been validated
validly in the Japanese version [52—54]. The eight areas
are (1) physical functioning, (2) role physical, (3) bodily
pain, (4) general health, (5) vitality, (6) social functioning,
(7) role emotional, and (8) mental health. In this study,
a questionnaire was used that assessed the condition
of the patients over a one-month period. For the analy-
sis, subscale scores were used, with scores for the eight
domains (range 0-100) recalculated based on the Japa-
nese national norms. In addition, three summary scores
obtained from the Japanese version: physical component
summary, mental component summary, and role/social
component summary [54] were also used in the analysis.

The short-FFQ (Kenpakusha, Tokyo, Japan) used in
the dietary intake frequency survey is an FFQ that has
also been verified for accuracy against the long version
of the FFQ used in the Next Generation Multi-purpose
Cohort Study in Japan [55, 56]. The analysis utilized the
intake of energy and nutrients, along with the intake of
food groups, calculated based on the Standard Tables
of Food Composition in Japan (2020 Edition) from the
one-month dietary intake status obtained through the
short-FFQ.

For responses to the PSQI-J, SF- 36, and short-FFQ,
although the second and third surveys were conducted
every 2 weeks, participants were asked to respond to the
PSQI-J, SE- 36, and short-FFQ according to their condi-
tions over the past month, as per the survey periods of
each questionnaire.

Side effects and discontinuation of the study

If gastrointestinal symptoms including diarrhea or other
discomforts occur due to the consumption of the test
food, and continued intake becomes difficult, the trial
will be discontinued. In addition, if food allergy-like
symptoms, including skin, mucous membrane, or gas-
trointestinal issues, occur, it is advised to stop intake
immediately and recommend consultation with a medi-
cal institution.

Statistical analyses

For the evaluation of waxy barley rice intake, data from
Surveys A2 and A3, which recorded the number of cups of
waxy barley rice consumed at each meal over a two-week
period, were aggregated and used as one month’s con-
sumption data for analysis. For the evaluation of defecation
status, baseline data obtained from Survey A1, which was
conducted 2 weeks before the intervention, was used, and
one month’s defecation data aggregated from Surveys A2
and A3 served as the post-intervention data for analysis.
For the evaluation of the frequency of constipation symp-
toms based on the Rome IV criteria, sleep status, mental
health, HRQoL, and dietary intake, data from five surveys
conducted during the first and third surveys (Survey B,
PSQI-J, ]-PHQ- 9, SE- 36, short-FFQ) were used. Based on
these data, a baseline comparison between the two groups,
a comparison of changes between the two groups before
and after the intervention, and a within-group comparison
before and after the intervention were conducted.
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Statistical analyses were performed using SPSS ver-
sion 27.0 (IBM SPSS Statistics, Japan). Since many of the
data did not follow a normal distribution, variables other
than the status of test food and dietary fiber intake were
presented as the median and range (25 th and 75 th per-
centiles). For test food and dietary fiber intake data that
followed a normal distribution, the mean and standard
deviation were used for representation. The Unpaired ¢
test or the Mann—Whitney U test was used to compare
continuous data between the two groups. The Wilcoxon
signed-rank sum test was used to compare within groups
before and after the intervention. The chi-square test or
Fisher’s exact test was used to analyze the rate of consti-
pation symptoms and others. Additionally, using changes
in constipation symptoms before and after the interven-
tion based on survey B, a multivariable linear regression
analysis was conducted. Changes in constipation, con-
stipation symptoms and each symptom (a—f) were used
as dependent variables, and four variables were used as
independent variables: type of barley, frequency of waxy
barley rice intake (%), days with waxy barley rice intake
more than twice a day (%), and DF intake (either total DF,
B-G, or insoluble DF). P values <0.05 were considered
significant.

Results

Of the 68 participants in the study, two who did not sub-
mit surveys during the trial period and one who was sus-
pected of experiencing health issues due to consumption
of the test food withdrew from the study. Finally, 65 par-
ticipants were included in the analysis, 32 in Group K and
33 in Group F (Fig. 1). One participant who experienced
health issues reported itching during barley intake. The
symptoms resolved after discontinuing consumption, but
medical consultation was recommended.

Comparison of baseline between groups

before the intervention

The median age of Group K and Group F was both 20.0
years. The median Body Mass Index (BMI) was 20.4 in
Group K and 21.6 in Group F. No differences in age or
physical constitution were observed between the groups
(Table 3). There were no differences between the two
groups in defecation status during the 2 weeks before
the intervention. In terms of mental health, only low self-
esteem, which is a component of the J-PHQ- 9, showed
a significant difference. However, there were no signifi-
cant differences in all other sleep statuses, mental health,
HRQoL, and dietary intake.

Status of test food and DF intake over 4 weeks
During the 4-week survey period, there were no signifi-
cant differences in the days with waxy barley rice intake
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(%) and the frequency of waxy barley rice intake (%) (with
a maximum of three servings per day) (Table 4). The
median percentage of days with waxy barley rice intake
more than twice a day (%) (with a barley weight of 48 g/
day or more) was also 73.2% in Group K and 75.0% in
Group F, with no significant difference between the two
groups. Furthermore, the median daily barley intake was
40.7 g in Group K and 42.0 g in Group E, with no signifi-
cant difference observed. Total DF intake (g) was signifi-
cantly higher in Group F (10.7 +2.4 g) compared to Group
K (6.3 £1.6 g) (p< 0.001). The intakes of insoluble DF, high
molecular weight soluble DF, and low molecular weight
soluble DF were also significantly higher in Group F, and
the intake of B-G was also significantly higher in Group F
(4.34 £0.97 g) than in Group K (2.48 £0.63 g) (p< 0.001).
In addition, the percentage of individuals with an average
B-G intake of 2.93 g or more was significantly higher in
Group F (93.9%) than in Group K (21.9%) (p < 0.001).

Comparison of changes between groups before and after
the intervention

The comparison of changes between groups before and
after the intervention is shown in Table 5.

Regarding defecation status based on daily records, no
significant differences were observed between the two
groups for any of the items. Regarding the changes (%)
in each constipation symptom based on the Rome IV cri-
teria, Group F showed a significantly greater reduction
in straining hard during defecation compared to Group
K (p= 0.049). Regarding sleep status, Group F showed
a significant decrease (improvement) in the PSQI global
score compared to Group K (p= 0.004), and the score for
sleep duration among the seven component scores sig-
nificantly decreased (p = 0.002; Fig. 5). Regarding mental
health, Group F showed a significant decrease (improve-
ment) in the PHQ- 9 global score compared to Group K
(p= 0.009). Additionally the scores for sleep problems
(p= 0.019) and low energy (p= 0.002) among the nine
question items significantly decreased (Fig. 6).

Regarding HRQoL, Group K showed a significant
increase (improvement) in the physical component sum-
mary compared to Group F among the three summary
scores (p= 0.044). On the other hand, Group F showed
a significant increase (improvement) in the role emo-
tional subscale score compared to Group K among the
eight subscale scores (p= 0.035; Fig. 7). Regarding dietary
intake, no significant differences were observed between
the two groups for any of the items.

Comparison within groups before and after

the intervention

Comparisons within groups before and after the inter-
vention are shown in Table 6.
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Table 3 Comparison of baseline data between groups

Group K (n=32) Group F (n=33)
Median 25 percentiles 75 percentiles Mean ranki Median 25 percentiles 75 percentiles Meanrank!  p*
Age 200 180 210 325 200 180 210 335 0837
BMI 204 189 219 284 216 202 233 374 0.054
n % n % P L
BMI<18.5 5.0 156 20 6.1 0310
BMI=25.0 10 31 30 91
Median 25 percentiles 75 percentiles Mean rank! Median 25 percentiles 75 percentiles Meanrank!  p*
[Defecation status]
Avesogs: etseabionays® 08 05 10 330 08 06 10 330 0995
Average defecation frequency 11 10 15 355 10 10 14 306 0276
| Averegesiotl amougt® 24 18 28 325 23 5Ty} 30 335 0818
Stool form: BS typel.2 (%) 200 00 325 327 111 0.0 481 333 0.898
Stool form: BS type3.4.5 (%) 78 625 100.0 347 80.0 50.0 929 314 0.480
Stool form: BS type6.7 (%) 00 00 0.0 320 0.0 0.0 71 340 0.575
Difficulty in defecation: no (%) 74 436 929 334 714 286 100.0 326 0853
Difficulty in defecation: slightly (%) 161 0.0 41 322 231 00 415 338 0738
Difficulty in defecation: yes (%) 0.0 00 68 323 0.0 0.0 127 337 0.690
[Sleep status]®
PSQI global score 50 33 78 318 60 40 75 342 0611
1. Sleep quality 10 10 20 334 10 10 20 326 0860
2. Sleep latency 10 00 20 333 10 00 10 327 0878
3. Sleep dwration 10 03 20 308 20 10 30 3.2 0332
4. Habitual sleep efficiency 00 00 00 328 00 00 00 332 0017
5. Sleep disturbances 10 00 10 328 10 00 10 332 0900
6. Use of sleep medication 00 00 0.0 330 0.0 0.0 00 330 1.000
7. Daytime dysfunction 10 03 20 320 10 10 20 340 0.649
7.1. Daytime sleepiness 10 00 20 315 10 0.0 20 344 0519
7.2. keep up enthusiasm 10 0.0 20 338 0.0 0.0 20 322 0.722
[Mental health]*
PHQ 9 global score 40 20 70 203 6.0 35 95 36.6 0.120
1. Anhedonia 00 00 10 337 00 00 10 323 0736
2. Depressed mood 10 00 10 339 10 00 10 322 0687
3. Sleep problems 10 00 18 204 10 10 20 36.5 0112
4. Low energy 10 10 18 208 10 10 20 36.1 0.136
5. Appetite change 10 0.0 20 310 10 10 20 349 0.383
6. Low self esteem 0.0 0.0 08 288 0.0 0.0 10 371 0.039
7. Concentration difficulties 00 00 00 314 00 00 10 345 0303
8. Psychomotor agitation or retardation | 0.0 00 00 315 00 00 00 345 0203
9. Suicidal ideation 00 00 00 325 00 00 00 335 0576
[Health related quality of life]®
Physical component summary 555 503 59.1 206 572 528 611 36.3 0138
Mental component summary 530 41 395 353 478 408 585 308 0.335
Role/Social component summary 512 433 543 35 491 437 52.7 306 0.297
1. Physical Functioning 544 517 571 29 571 514 571 370 0054
2. Role Physical 567 49 567 313 6.7 524 56.7 347 0304
3. Bodily Pain 515 436 611 343 538 436 611 317 0556
4. General Health 583 493 642 348 56.0 57 648 313 0457
5. Vitality 514 4207 559 310 8 407 544 320 0659
6. Social Functioning 517 464 517 352 51.7 436 517 308 0300
7. Role Emotional 56.8 466 56.8 35 53.1 382 56.8 306 0.256
8. Mental Health 545 470 59.0 358 495 419 58.4 303 0.246
[Dietary intake]®
Energy (kJ) 6956 6870 7028 3.1 6926 6878 7005 309 0.383
Energy (keaD) 1677 1658 1693 3.1 1670 1660 1688 310 0.369
Protein () 7 580 56.6 590 342 576 365 584 318 0.604
Fat(®° 408 494 504 363 404 402 50.1 238 0162
Carbohydrate (g)° 2307 2363 2442 339 | 2801 236.6 2427 321 0699
Total dietary fiber (&) 144 185 147 334 143 187 149 326 0870
Soluble dietary fiber (&) 31 30 33 332 31 30 33 328 0947
Insoluble dietary fiber (g) 105 100 109 334 106 102 109 326 0864
~Food groups ()~
Cereals 3254 3137 3608 329 3284 3144 3555 331 0974
Piilses 584 536 726 343 513 533 65.6 317 0.581
Vegetables 2035 2816 3002 340 293.0 2811 302.6 320 0675
Green and yellow vegetables 1036 984 109.2 335 103.4 973 1126 326 0.849
Other vegetables 1941 190.2 1968 344 193.0 190.6 196.4 316 0.546
pickled vegetables 81 81 86 331 81 81 84 329 0.965
Fruits 1078 1034 1161 341 106.1 1033 1156 319 0636
o —— 162 162 165 312 16.4 162 165 348 0411
Seaweeds: 82 75 88 325 84 75 26 335 0817
Fish and shellfish 614 618 665 316 6.3 620 60.4 344 0558
Meat 595 5.7 662 363 587 536 623 238 0166
Eses 335 24 386 337 315 271 304 323 0.760
Daily products 1152 1052 1427 322 110.2 105.2 1427 338 0.736
Fats and oils 104 101 108 310 105 103 10.8 350 0.388
Confectioneries 425 125 437 330 25 425 37 330 0.981
Alcoholic beverages 171 171 329 341 17.1 171 2.3 319 0.585
3756 3278 4470 338 3824 3278 4243 322 0.733

Non alcoholic beverages
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@ Mann Whitney U-test

b Chi-square test. Data were obtained from each survey (excluding Survey B) conducted as part of the first survey

"The data are averages per survey day. All other data for defecation status are averages per defecation day

2 Number of egg conversion
3 According to the Pittsburgh Sleep Quality Index (PSQI-J)
4 According to the Patient Health Questionnaire- 9 (J-PHQ- 9)

% According to the Medical Outcomes Study 36-Item Short-Form Health Survey version 2 (SF- 36)

8 According to the Food Frequency Questionnaires NEXT short version (short-FFQ)

7 Protiens calculated based on the Japanese amino acid composition table

8 Fatty acids expressed in triacylglycerol equivalents

The amount of carbohydrates used for energy calculation based on the Standards Tables of Food Composition in Japan (2020 Edition)

©The dietary fiber intake was calculated using the modified Prosky method (enzymatic-gravimetric method) based on the Standard Tables of Food Composition in

Japan (2020 Edition)
BMI Body Mass Index, BS Bristol stool form scale

Table 4 Status of test food and dietary fiber intake over 4 weeks

Group K (n=32)

Group F (n=33)

Mean or SD or Mean or SD or ab

Median 25,75 percentiles Median 25,75 percentiles P
Days with waxy barley rice intake (%) * 96.4 89.3. 100.0 100.0 92.9. 100.0 0.095
Frequency of waxy barley rice intake (%) * 56.5 * 14.2 56.1 + 12.3 0.903
Days with intake more than twice a day (%) * 73.2 47.3. 929 75.0 53.6. 89.3 0.974
Waxy barley intake (g/day) 40.7 33.6. 46.1 42.0 36.0. 46.3 0.743
Total dietary fiber intake (g/day) 6.3 = 1.6 10.7 = 2.4 0.000
Insoluble DF intake (g/day) 1.83 = 0.46 3.89 + 0.87 0.000
High molecular weight soluble DF (SDFP) *intake (g/day) 3.01 * 0.76 4.75 * 1.06 0.000
Low molecular weight soluble DF (SDFS) ® intake (g/day) 1.42 £ 0.36 2.07 + 0.46 0.000
B glucan intake (g/day) 2.48 = 0.63 4.34 + 0.97 0.000

n % n % »¢

B glucan intake of 2.93g or more 7 21.9 31 93.9 0.000

2 Data expressed as means + standard deviations (SD) were analyzed using Unpaired t-tests

b Data expressed as medians and ranges were analyzed using the Mann Whitney U test

¢ Data expressed as frequencies (n) and percentages (%) were analyzed using Fisher’s exact test

" The percentage represents the days with waxy barley rice intake, divided by the total number of survey days

2The percentage represents the frequency of waxy barley rice intake, divided by the number of survey days and three meals per day

3The percentage represents the days with intake more than twice a day, divided by the total number of survey days

4 Soluble dietary fiber precipitated from 78% aqueous ethanol (using the AOAC 2011.25 method)

% Soluble dietary fiber that remains soluble in 78% aqueous ethanol (using the AOAC 2011.25 method)

DF Dietary fiber

Defecation status

Comparisons of defecation status showed that in Group
K, defecation days (p= 0.041), defecation frequency (p=
0.007), and stool amount (p= 0.013) increased signifi-
cantly (Fig. 3). In Group F, defecation days (p= 0.001),
defecation frequency (p= 0.007), stool amount (p=
0.017), and the percentage of BS types 3, 4, and 5 (p=
0.005) increased significantly. Additionally, the percent-
age of BS types 1 and 2 (p= 0.037) and the percentage

of slight difficulty in defecation (p= 0.036) decreased
significantly.

Regarding the changes in the percentages of each
constipation symptom based on the Rome IV criteria,
there were no significant changes in Group K for any of
the items (Fig. 4). In Group F, the percentage of strain-
ing hard during defecation (p= 0.002) among the symp-
toms (a—f) significantly decreased (improved), and there
was a significant decrease in both the percentage of
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Table 5 Comparison of changes between groups before and after the intervention

Group K (n=32) Group F (n=33)
Median 25 percentiles 75 percentiles Meanrank | Median 25 percentiles 75 percentiles Mean rank »

[Defecation status)]

|Average defecation days * 0.00 0.00 0.10 20.70 0.00 0.00 0.20 36.20 0.140

Average defecation frequency 0.35 -0.28 0.90 33.33 0.30 0.25 0.90 32.68 0.890

Average stool amount ° 0.35 -0.28 0.90 33.33 0.30 0.25 0.90 32.68 0.890

Stool form: BS typel.2 (%) 0.00 -9.90 2583 35.45 -2.80 -21.95 0.00 30.62 0.208

Stool form: BS type3.4.5 (%) 0.00 435 19.85 25.92 14.30 0.00 32.90 36.95 0.086

Stool form: BS type6,7 (%) 0.00 0.00 278 33.61 0.00 -3.55 3.60 32.41 0.784

Difficulty in defecation: no (%) 0.00 -9.20 19.90 30.22 10.70 -2.95 23.85 35.70 0.241

Difficulty in defecation: slightly (%) 0.00 -13.33 5.93 35.27 -7.10 -24.15 6.75 30.80 0.340

Difficulty in defecation: yes (%) 0.00 0.00 3.23 33.78 0.00 -3.60 0.00 32.24 0.710
[Each constipation symptom] 3

Constipation 0.00 -0.75 0.00 33.75 0.00 -1.00 0.00 32.27 0.696

Constipation symptoms 0.00 0.00 0.00 35.03 0.00 -1.00 0.00 31.03 0.315

a. Straining hard during defecations 0.00 0.00 0.00 36.94 0.00 -1.00 0.00 29.18 0.049

b. Lumpy or hard stools 0.00 0.00 0.00 33.00 0.00 0.00 0.00 33.00 1.000

c. Sensation of incomplete evacuation 0.00 0.75 0.00 31.50 0.00 0.00 0.00 3445 0.412

d jon of anorectal ob jon/block 0.00 0.00 0.00 32.50 0.00 0.00 0.00 33.48 0.564

e. Manual maneuvers to facilitate defecations 0.00 0.00 0.00 3403 0.00 0.00 0.00 32.00 0.148

£. Spontaneous bowel movement count 0.00 0.00 0.00 32.55 0.00 0.00 0.00 33.44 0.751
[Sleep status]*

PSQI global score -0.50 -1.75 0.75 39.72 -2.00 -3.00 -0.50 26.48 0.004
1. Sleep quality 0.00 -1.00 0.00 34.97 0.00 -1.00 0.00 31.09 0.358
2. Sleep latency 0.00 -0.75 0.00 34.11 0.00 -1.00 0.00 31.92 0.582
3. Sleep duration 0.00 0.00 1.00 39.63 0.00 -1.00 0.00 26.58 0.002
4. Habitual sleep efficiency 0.00 0.00 0.00 34.45 0.00 0.00 0.00 31.59 0.309
5. Sleep disturbances 0.00 0.00 0.00 34.27 0.00 0.00 0.00 3177 0.520
6. Use of sleep medication 0.00 0.00 0.00 33.00 0.00 0.00 0.00 33.00 1.000
7. Daytime dysfunction 0.00 -1.00 0.00 36.09 -1.00 -1.00 0.00 30.00 0.162

7.1. Daytime sleepiness 0.00 -1.00 0.00 35.25 -1.00 -1.00 0.00 30.82 0.317
7.2. keep up enthusiasm 0.00 -1.00 0.00 3413 0.00 -1.00 0.00 31.91 0.592

[Mental health]®

PHQ9 global score -1.00 -2.75 1.00 39.63 -3.00 -5.00 -1.00 26.58 0.005
1. Anhedonia 0.00 0.00 0.00 33.33 0.00 0.00 0.00 32,68 0.858
2. Depressed mood 0.00 -1.00 0.00 34.23 0.00 -1.00 0.00 31.80 0.574
3. Sleep problems 0.00 -1.00 0.00 38.22 -1.00 -1.00 0.00 27.94 0.019
4. Low energy 0.00 0.00 0.00 39.83 -1.00 -1.00 0.00 26.38 0.002
5. Appetite change 0.00 -1.00 0.00 36.69 -1.00 -1.00 0.00 29.42 0.101
6. Low self-esteem 0.00 0.00 0.00 34.75 0.00 -1.00 0.00 31.30 0.386
7. Concentration difficulties 0.00 0.00 0.00 32.55 0.00 0.00 0.00 33.44 0.796
8. Psychomotor agitation or retardation 0.00 0.00 0.00 3484 0.00 0.00 0.00 3121 0.252
9. Suicidal ideation 0.00 0.00 0.00 33.97 0.00 0.00 0.00 32.06 0.329
[Healthrelated quality of life]®

Physical component summary 175 -0.35 8.25 37.80 -0.80 -6.60 3.65 28.35 0.044

Mental component summary 275 ‘118 498 29.86 3.40 -0.55 11.95 36.05 0.187

Role/Social component summary -1.05 -7.03 2.80 28.92 0.10 235 6.35 36.95 0.087
1. Physical Functioning 0.00 0.00 2.70 36.06 0.00 0.00 135 30.03 0.159
2. Role-Physical 0.00 0.00 7.18 33.58 0.00 0.00 145 32.44 0.788
3. Bodily Pain 0.00 0.00 11.80 34.44 0.00 0.00 9.10 31.61 0533
4. General Health 135 -2.58 5.10 20.84 2.60 -1.30 .30 36.06 0.184
5. Vitality 3.10 0.00 6.10 28.81 6.10 0.00 12.10 37.06 0.077
6. Social Functioning 0.00 -9.90 428 30.77 0.00 -2.80 845 35.17 0.331
7. Role-Emotional 0.00 -3.78 7.40 28.20 0.00 0.00 13.00 37.65 0.035
8. Mental Health 2.50 -2.50 6.90 30.20 2.60 0.00 11.35 35.71 0.238
[Dietary intake]

Energy (kJ) 5.00 -60.00 87.25 34.89 -4.00 -62.00 50.00 3117 0.407

Energy (keal) 2.00 “14.00 19.50 34.89 -1.00 “14.00 11.50 3117 0.427

Protein () ¢ 0.15 -0.85 1.08 3433 -0.20 -1.05 0.65 3171 0.577

Fat (@ ° 0.05 -0.38 0.60 34.52 -0.10 -0.35 0.40 31.53 0.524

Carbohydrate () ©° -0.20 -3.40 5.20 3444 -0.80 -2.65 1.05 31.61 0.546

Total dietary fiber () 1! -0.05 -0.48 0.28 3152 0.00 -0.30 0.40 3444 0.532

Soluble dietary fber (g) 1! 0.00 -0.10 0.18 31.02 0.10 -0.05 0.20 34.92 0.390

Insoluble dietary fiber (g) 1 -0.10 0.45 0.18 3231 -0.10 -0.30 0.10 33.67 0.772

~ Food groups (g) ~

Cereals 110 -7.75 18.28 35.25 9.80

Pulses -0.70 6.40 3.55 31.61 3.90

Vegetables -4.40 -16.40 248 30.55 2.60

Gk nad yelloi vegseabiles 190 6.95 0.80 3250 135

Other vegetables -0.60 -3.73 0.40 30.72 1.05

pickled vegetables 0.00 0.00 0.20 36.39 0.00

Fruits 0.00 -4.25 11.20 34.00 145

NGrishiociis: 0.00 0.00 0.00 33.73 0.00

Seaweeds -0.15 -0.65 0.00 31.28 0.60

Fish and shellfish 0.75 -1.23 3.25 36.73 150

Meat 0.55 413 9.65 33.88 4.95

Eggs 0.00 448 0.00 32.95 1.20

Daily products 0.00 0.00 2.50 33.66 2.50

Fats and oils 0.00 -0.58 0.40 31.08 035

Confectioneries 0.00 0.00 0.00 34.23 0.00

Aleoholic beverages 0.00 0.00 0.00 33.20 0.00 0.00 0.00

Non-aleoholic beverages 0.00 -26.08 25.83 31.64 0.00 -9.95 43.05
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Using the Mann Whitney U-test. Changes in defecation status were analyzed using baseline data obtained from survey A1 and one month’s defecation data
aggregated from Survey A2 and A3 (one-month data minus A1 data). For other comparisons, changes were analyzed using data from the first and third surveys (third

survey data minus first survey data)

" The data are averages per survey day. All other data for defecation status are averages per defecation day

2 Number of egg conversion

3The names of items a to f under each constipation symptom, based on the ROME IV criteria, are referenced in Survey B (Table 2)

4 According to the Pittsburgh Sleep Quality Index (PSQI-J)
5 According to the Patient Health Questionnaire- 9 (J-PHQ- 9)

6 According to the Medical Outcomes Study 36-Item Short-Form Health Survey version 2 (SF- 36)

7 According to the Food Frequency Questionnaires NEXT short version (short-FFQ)
8 Protiens calculated based on the Japanese amino acid composition table

9 Fatty acids expressed in triacylglycerol equivalents

©The amount of carbohydrates used for energy calculation based on the Standard Tables of Food Composition in Japan (2020 Edition)

" The dietary fiber intake was calculated using the modified Prosky method (enzymatic-gravimetric method) based on the Standard Tables of Food Composition in

Japan (2020 Edition)

BS Bristol stool form scale

constipation symptoms (p= 0.025) and the percentage of
constipation (p= 0.042).

Sleep status

Comparisons of sleep status using the PSQI-] showed
that in Group K, there was no significant change in the
PSQI global score, but two of the seven component
scores, sleep quality (p= 0.020) and daytime dysfunction
(p= 0.003), significantly decreased (improved) (Fig. 5).
Additionally, the scores for daytime sleepiness (p= 0.040)
and the ability to keep up enthusiasm (p= 0.012), which
are components of daytime dysfunction, also signifi-
cantly decreased. On the other hand, the sleep duration
score significantly increased (shorter sleep duration)
(p= 0.018). In Group F, the PSQI global score signifi-
cantly decreased (improved) (p< 0.001), and four of
the seven component scores—sleep quality (p= 0.005),
sleep latency (p= 0.033), sleep duration (p= 0.033),
and daytime dysfunction (p< 0.001)—also significantly
decreased. Additionally, the components of daytime dys-
function, daytime sleepiness (p= 0.009) and the ability to
keep up enthusiasm (p = 0.002), significantly decreased.

Mental health

Comparisons of mental health using the J-PHQ- 9
showed that in Group K, the PHQ- 9 score significantly
decreased (improved) (p= 0.028), and one of the nine
questionnaire items, sleep problems (p= 0.043), signifi-
cantly decreased (Fig. 6). In Group F, the PHQ- 9 score
significantly decreased (improved) (p< 0.001), and five
of the nine questionnaire items—depressed mood (p=
0.049), sleep problems (p < 0.001), low energy (p < 0.001),
appetite change (p= 0.001), and low self-esteem (p=
0.040)—significantly decreased.

HRQolL

Comparisons of HRQoL using the SF- 36 showed that
in Group K, the physical component summary signifi-
cantly increased (improved) (p = 0.045) among the three
summary scores, and two of the eight subscale scores—
physical functioning (p= 0.047) and vitality (p= 0.002)—
significantly increased (Fig. 7). In Group F, the mental
component summary significantly increased (improved)
(p= 0.011) among the three summary scores, and four
of the eight subscale scores—general health (p= 0.007),
vitality (p <0.001), role emotional (p= 0.002), and mental
health (p= 0.026)—significantly increased.

Dietary intake

Comparisons of dietary intake using the short-FFQ
showed that in Group K, the intake of vegetables (p=
0.029), other vegetables (p = 0.046), and eggs (p= 0.027)
among the food groups significantly decreased, but there
was no change in DF intake. In Group F, water-soluble
DF intake significantly increased. However, there were no
changes in the intake of any other food groups (Table 6).

Multivariate linear regression analysis of changes

in constipation symptoms

Multivariate linear regression analysis of changes

in constipation symptoms

The results of the regression analysis with changes in con-
stipation symptoms as the dependent variable (Table 7)
showed that in Model Al, total DF intake was identified
as a determinant of changes in constipation symptoms,
independent of the type of barley and the frequency of
waxy barley rice intake (%), and the days with waxy bar-
ley rice intake more than twice a day (%). In Model A2,
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Table 6 Comparison of within groups before and after the intervention

Group K (0=32) Group F (n=33)
Before intake After intake Before intake After intake
Median 25 percentiles 75 percentiles; Median 25 percentiles 75 percentilesi  p Median 25 75 iles; Median 25 iles 75 i »

[Defecation status]

| Average dstication nys 08 06 10 09 06 10 0041 i 08 06 10 09 07 10 0001

Average defecation frequency = b 12 15 13 11 18 0.007 10 10 14 12 10 18 0.007

P — 24 20 28 24 19 3.1 0.013 23 17 30 26 19 32 0017

Stool form: BS typel.2 (%) 20.0 0.0 325 13 0.0 325 0455 111 0.0 481 8.0 0.0 239 0.037

Stool form: BS type3.4.5 (%) 778 64.9 100.0 80.5 57.1 95.2 0.258 80.0 50.0 929 875 745 100.0 0.005

Stool form: BS type6.7 (%) 00 00 00 00 00 71 0620 | 00 00 71 00 00 37 0193

Difficulty in defecation: no (%) 714 50.9 929 732 40.7 95.5 0.628 714 286 100.0 75.0 57.1 934 0.072

Difficulty in defecation: slightly (%) 16.1 38 441 158 0.0 314 0.619 231 0.0 415 158 20 30.3 0.036

Difficulty in defecation: yes (%) 0.0 0.0 6.8 0.0 0.0 102 0.875 0.0 0.0 127 0.0 0.0 137 0.865
[Sleep status]®

PSQI global score 5.0 33 78 5.0 30 7.0 0106 | 60 40 75 40 20 60 0.000
1. Sleep quality 10 10 20 10 10 20 0.020 10 10 20 1.0 0.0 1.0 0.005
2. Sleep latency 10 00 20 00 00 10 0197 i 10 00 10 10 00 10 0033
3. Sleep duration 10 03 20 20 10 28 0.018 20 10 3.0 10 10 20 0.033
4. Habitual sleep efficiency 0.0 0.0 0.0 0.0 0.0 0.0 0.655 0.0 0.0 0.0 0.0 0.0 0.0 0.063
5. Sleep disturbances 1.0 0.0 10 1.0 0.0 10 1.000 1.0 0.0 10 0.0 0.0 10 0.366
6. Use of sleep medication 0.0 0.0 0.0 0.0 0.0 0.0 1.000 0.0 0.0 0.0 0.0 0.0 0.0 1.000
7. Daytime dysfunction 10 03 20 00 00 10 0003 i 10 10 20 00 00 10 0.000

7.1. Daytime sleepiness 10 0.0 20 0.0 0.0 10 0.040 10 0.0 20 0.0 0.0 10 0.009
7.2. keep up enthusiasm 1.0 0.0 20 0.0 0.0 1.0 0.012 0.0 0.0 20 0.0 0.0 0.0 0.002

[Mental health]*

PHQ-9 global score 40 20 7.0 3.0 13 6.0 0.028 6.0 35 95 20 10 6.0 0.000
1. Anhedonia 00 00 10 00 00 10 0564 | 00 00 10 00 00 10 0.430
2. Depressed mood 10 0.0 10 0.0 0.0 10 0.106 10 0.0 10 0.0 0.0 10 0.049
3. Sleep problems 1.0 0.0 18 0.0 0.0 1.0 0.043 1.0 1.0 20 0.0 0.0 0.3 0.000
4. Low energy 10 10 18 10 03 10 0.439 10 10 20 10 0.0 10 0.000
5. Appetite change 1.0 0.0 20 1.0 0.0 10 0.060 10 1.0 20 1.0 0.0 1.0 0.001
6. Low selfesteem 00 00 08 00 00 00 0157 i 00 00 10 00 00 10 0.040
7. Concentration difficulties 0.0 0.0 0.0 0.0 0.0 0.0 0.705 0.0 0.0 1.0 0.0 0.0 10 1.000
8. Psychomotor agitation or retardation 00 00 00 00 00 00 0414 § 00 00 00 00 00 00 0414
9. Suicidal ideation 0.0 0.0 0.0 0.0 0.0 0.0 1.000 0.0 0.0 0.0 0.0 0.0 0.0 0.157
[Health-related quality of life]®

Physical component summary 35.5 503 59.1 583 548 59.9 0.045 372 528 61.1 56.6 50.6 60.5 0.276

Mental component summary 33.0 441 59.5 540 447 611 0.080 478 408 585 542 46.1 60.1 0.011

Role/Social component summary 51.2 433 343 493 46.9 340 0.531 491 43.7 52.7 49.7 480 538 0.133
1. Physical Functioning 544 517 571 571 544 571 0047 | 571 544 571 571 558 571 0319
2. Role-Physical 56.7 459 56.7 36.7 538 56.7 0.063 56.7 524 56.7 56.7 35.3 36.7 0.074
3. Bodily Pain 575 486 61.1 61.1 35.6 611 0.172 538 436 61.1 611 455 611 0.763
4. General Health 583 493 64.2 59.6 477 66.7 0.480 56.0 45.7 648 59.6 519 648 0.007
5. Vitality 514 40.7 35.9 529 438 59.0 0.002 498 40.7 544 559 483 59.0 0.000
6. Social Functioning 517 464 517 577 464 577 0623 | 577 436 517 577 108 577 0509
7. Role-Emotional 56.8 456 56.8 56.8 494 56.8 0.353 53.1 382 56.8 56.8 35.0 56.8 0.002
8. Mental Health 545 470 39.0 545 495 59.6 0.323 495 419 384 545 47.0 59.6 0.026
[Dietary intake]®

Energy (kJ) 6956 6870 7028 6935 6863 7093 0.556 6926 6878 7005 6919 6867 6988 0.695

Enerey (keal 1677 1658 1693 1673 1656 1708 0495 | 1670 1660 1638 1668 1657 1684 0.701

Protein (g) X 38.0 56.6 59.0 57.7 55.9 59.0 0.799 376 56.5 584 572 56.7 38.0 0.497

Fat@° 408 494 50.4 499 400 503 0596 | 494 492 50.1 496 401 4909 0673

Carbohydrate (g) 9 239.7 236.3 2442 2409 2343 246.2 0.914 239.1 236.6 2427 2379 2345 2456 0.448

Total dietary fiber (g) 144 133 147 141 135 149 0425 | 143 137 149 143 136 146 0918

Soluble dietary fiber (g) ° 31 30 33 31 30 35 0515 | 31 30 33 31 30 34 0013

Tusaluble distary Bbee @) 105 100 109 104 29 108 0159 | 106 102 109 104 101 107 0107

~ Food groups (g) ~

Cereals 3254 3137 360.8 3321 3129 362.0 0.424 3284 3144 3355 3243 3106 358.6 0.650

Pulses 584 536 726 59.0 33.0 66.5 0.285 573 533 65.6 55.4 33.0 68.5 0.875

Vegetables 2935 2816 300.2 283.2 2774 208.6 0.029 293.0 281.1 3026 286.8 2787 2043 0.080

Green and yellow vegetables 103.6 984 109.2 100.7 965 1065 0055 i 1034 973 1126 1015 74 105.0 0.093

Other vegetables 1941 1902 1968 1912 1805 1934 0046 | 1930 1906 196.4 1028 1808 1953 0228

pickled vegetables 81 81 36 81 81 85 0.325 31 81 84 81 81 84 0.694

Fruits 107.8 103.4 116.1 1119 103.5 115.1 0.785 106.1 103.3 1156 105.7 1025 1141 0.355

P —— 162 16.2 165 16.2 162 164 0.407 164 162 165 162 162 164 0.491

Seaweeds 82 75 88 7.6 72 98 0.241 84 75 96 82 73 95 0.819

Fish and shellfish 644 618 665 65.9 627 656 0195 | 653 620 604 641 627 676 0.501

Meat 59.5 55.7 66.2 614 55.8 67.7 0.399 58.7 53.6 62.3 59.8 349 62.5 0.620

[ 335 204 336 315 271 304 0027 | 315 271 304 315 271 317 0119

Daily products 1152 105.2 1427 1213 105.2 1280 0.856 1102 105.2 1427 1213 105.2 1427 0.981

Fats and'cils 104 101 108 104 10.0 109 0584 i 105 103 108 10.7 103 108 0.193

Confectivicies 425 425 437 425 425 434 0618 | 425 425 437 425 425 431 0.200

Alcoholic beverages 171 171 329 171 171 278 0.401 171 171 253 17.1 171 266 0.480

Notcalooholic beveragss 3756 3278 4470 3841 3452 466.8 0738 | 3824 3278 4243 373.7 3278 4493 0249
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Table 6 (continued)

Using the Wilcoxon signed-rank sum test. Defecation status was analyzed using data from survey A1 and one month’s defecation data aggregated from Surveys A2
and A3. Other comparisons were analyzed using data from the first and third surveys

"The data are averages per survey day. All other data for defecation status are averages per defecation day

2 Number of egg conversion

3 According to the Pittsburgh Sleep Quality Index (PSQI-J)

4 According to the Patient Health Questionnaire- 9 (J-PHQ- 9)

5 According to the Medical Outcomes Study 36-Item Short-Form Health Survey version 2 (SF- 36)

5 According to the Food Frequency Questionnaires NEXT short version (short-FFQ)

7 Protiens calculated based on the Japanese amino acid composition table

8 Fatty acids expressed in triacylglycerol equivalents

9The amount of carbohydrates used for energy calculation based on the Standard Tables of Food Composition in Japan (2020 Edition)

9The dietary fiber intake was calculated using the modified Prosky method (enzymatic-gravimetric method) based on the Standard Tables of Food Composition in
Japan (202 OEdition)

BS Bristol stool form scale

(days or frequency) (Quantity)
*
6.0 . 7 [ Group K_Before intake
5.0 2 8.0 = [ Group K_Afterintake
) 3 = 3 [ Group F_Before intake
40 6.0 ° [ Group F_After intake

5o H 25%, 50%(Median), 75%

40 I Non-OutlierRange;
20 Minimum to maximum
) a a O Outliers
10 20 i x Mean

s

0.0
Defecation Defecation o0 Stool amount 2
days ! frequency
(%)
(%) x 2 100.0 b T
100.0 : a
. 80.0 :
80.0 = . i
: . 60.0 °
60.0 o : .
. 400 8 °
400 A e
. 3 s 20.0
20.0 ° o L éli—] ﬁ&]
5 H 0.0
0.0 [ ] (] _é ﬁci: Slightly
BS typel.2 BS type3.4.5 BS type6.7 Difficulty in defecatio
in defecation

These data were obtained from Survey Al and from one month’s defecation data aggregated from SurveysAZ and A3. K Kirarimochi, ' Fukumi Fiber.
BS Bristol stool form scale. ! Data are averages persurvey day. Other data are averages per defecation day. 2 Number of egg conversion. The Wilcoxon
signed rank test was used for within group comparisons, with * indicating p<0.05 and ** indicating p<0.01.

Fig. 3 Defecation status before and after the intervention

B-G intake was identified as a determinant. In the model =~ Model B2, and insoluble DF intake was identified as a
with insoluble DF intake added as an independent vari- determinant in Model B3.
able, no significant determinants were found (no table).

The results of the regression analysis with changes in  Discussion
“Straining hard during more than one-fourth (25%) of In this study, healthy young Japanese women consumed
defecations,” an evaluation item for the diagnosis of con-  waxy barley rice for 4 weeks, which was prepared by mix-
stipation, as the dependent variable showed that in Model  ing rice with two types of waxy barley containing differ-
Bl, total DF intake was a determinant, independent of ent amounts of B-G. Then, we examined the hypothesis
the type of barley, the frequency of barley intake (%), and  that differences in waxy barley cultivars might result in
the days with waxy barley rice intake more than twice variations in B-G and DF intake, as well as differing
a day (%). B-G intake was identified as a determinant in  effects on defecation, sleep, mental health, and HRQoL.
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(%)
8.0 ,L] E Group K _Before intake
60.0 O Group K_After intake
. = .
a ® Group F_Before intake

OGroup F_After intake

These data were obtained from surveys B1 and B3, which were based on the Japanese diagnostic criteria for chronic constipation according
to the Rome IV criteria. K Kirarimochi. ' Fukumi Fiber. The Chi square test or Fisher'sexact test was used to compare within groups.
2 p=0.025, ® p=0.042, < p=0.002.

Fig. 4 Constipation symptoms before and after the intervention

o W s
12 k B o - . e
10 25
8 2.0 .
Bk : |U x} |
4 10 = —
i HEW
0 0.0 o iid Xx o &&
4 5
glogasl(suoo " %\eleﬁ & o \‘b- \esz& . z@g‘}e" '@‘&‘o‘) ) ﬂé\,o“ . %\@ef? z&v}e\
A 9 o 9 ”&’)\6\6 %\0095 o {0&9 0‘250 o Q\}Q
o> % qa. A ad

I Group K_Beforeintake
[J Group K_Afterintake

-------------------------- The component scores that make up the PSQI ------------------------ [l Group F_Before intake
[ Group F_After intake

] 25%. 50%Median), 75%
T NonjOutherRangm

ThlsﬁgureshowsthePSQIglobalscozeaccmdmgﬁothePSQI J. thescmesfors:xofthesevencompouentsthatmakeuptheglobalscore, and the scoresfor
the elements constituting daytime dysfunction. Of the seven components, "6. Use of sleep medication" was 0.0% for all participants, so it is not shownin the
table. K Kirarimochi. ' Fukumi Fiber. The Wilcoxon signed rank test was used for within group comparisons, with * indicating p<0.05, ** indicating
p<0.01, and *** indicating p<0.001. The Mann Whitney U test was used for between group comparisons of changes, with 1+ indicating p<0.01.

Fig. 5 Sleep status before and after the intervention

As a result, although no differences were observed in  in the effects of waxy barley cultivars on defecation, the
the intake status of waxy barley rice between cultivars, findings suggested that high-3-G waxy barley may have
significant differences were found in B-G and DF intake. = more beneficial effects on sleep and mental health.
Unexpectedly, while no major differences were observed
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(score) H+ (scare) ﬁ ++

16 35 rﬁ
14 = =5 30 o TE‘ . e &
12 25
10

2.0 N
8
6

1.0 ° o °
!
Py = 0.5
[ 0.0 —i KX X e

0‘% &@ .
(8) \® (3 XX
PHQ-9 score X\e’b 93> < < 2 & &,z . \&0‘) &)0 \6@‘)
» ¢ o 39 o 2 S @w‘
= % e 5 N > & o
o0 S Q o X WX
AS) . B 6'\) i o) %0
Y- 9 ceo\a cﬁc\’o 9
o
q c° > B Group K_Beforeintake

[ Group K_Afterintake
[ Group F_Before intake
3 Group F_After intake
] 25%. 50%Median), 75%
I Non-Outlier

Minimum to manmum
O Outhers
x Mean

Thisfigure showsthe PHQ9score according to the J-PHQ-9and the nine component scores that make up the PHQ9 score.
K Kirarimochi, ' Fukum Fiber. The Wilcoxon signed-rank test was used for within-group comparisons, with * indicating p<0.05, ** ing
p<0.01, and *** indicating p<0.001. The Mann-Whitney U test was used for between-group comparisons of changes, mthﬁmd]canngp<0 01.

Fig. 6 Mental health before and after the intervention
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Three summary scores Eight subscale scores ---------=--=---------oo- O Group F_Afterintake
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I Non-Outlier Range ;
Minimum to maximum
O Outlers
x  Mean
The figure shows the three summary scores and the eight subscale scores according to the SF-36. K Kirarimochi, 7' Fukumi Fiber.
The Wilcozon signedrank test was used for within-group comparisons, with * indicating p<0.05, ** indicating p<0.01, and *** indicating
p<0.001. The Mann-Whitney U test was used for between-group comparisons of changes, with } indicating p<0.05.
Fig. 7 Health-related quality of life (HRQoL) before and after the intervention

The effects on dietary fiber intake

barley rice intake more than twice a day (%) (Table 4).
Significant differences in DF intake were observed among

Therefore, the differences in DF intake are thought to

the waxy barley cultivars used in this study. On the other
hand, there were no differences in the frequency of waxy
barley rice intake (%) or the percentage of days with waxy

be primarily attributable to the content of DF, including
B-G, in waxy barley itself, rather than the consumption
patterns of waxy barley rice.
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Table 7 Multiple linear regression analysis
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Dependent variable ! : Present of constipation symptoms

Model Independent variables Unstandardized Standardized P Adjusted R?
Coefficients Coefficients
B SE B
Al Total DF intake (g) 0.047 0.023 0.252 0.043 0.048
A2 B-glucan intake (g) 0.112 0.055 0.248 0.046 0.047

Dependent variable 1 Straining hard during more than one-fourth (25%) of defecations

Model Independent variables 2 Unstandardized Standardized p Adjusted R?
Coefficients Coefficients
B SE B
B1 Total DF intake (g) 0.052 0.022 0.286 0.021 0.067
B2 B-glucan intake (g) 0.127 0.054 0.285 0.021 0.067
B3 Insoluble DF intake (g) 0.127 0.053 0.288 0.020 0.068

" The changes in symptoms before and after the intervention were classified into three categories: “improved,”“unchanged;’ and “worsened”

2 Other independent variables in each model included the type of waxy barley (Kirari Mochi or Fukumi Fiber), the frequency of waxy barley rice intake (%), and the

percentage of days with waxy barley rice intake more than twice a day (%)

In the trial, participants were encouraged to consume
waxy barley rice more than twice a day to achieve a daily
B-G intake of 3 g. However, the actual achievement rate
was just over 70%, and the average daily consumption
frequency was approximately 1.5 times, falling short of
the target frequency (Table 4, estimated from the fre-
quency of waxy barley rice intake [%]). Nevertheless, the
average Total DF intake from barley was 6.3 g for com-
mon waxy barley and 10.7 g for high-p-G waxy barley.
These amounts corresponded to approximately 30% and
50%, respectively, of the recommended DF intake for
Japanese adults (at least 18 g/day for women and 21 g/
day for men) [7]. Therefore, the consumption of waxy
barley as waxy barley rice in daily meals is considered
to make a substantial contribution to DF intake in both
cultivars. On the other hand, if the aim is to achieve p-G
intake, it was found that with common waxy barley, the
blending proportion and consumption frequency used
in this study made it difficult to reach the target amount.
When it is difficult to increase the blending proportion
or consumption frequency due to individual preferences
or daily intake habits, the use of high-B-G waxy barley
is considered to greatly enhance -G intake, facilitat-
ing the achievement of the target amount. In this study,
the blending proportion was set at 30% to maintain par-
ticipants’ preferences and ensuring a high intake rate.
Among previous studies, there is one that investigated
the same cultivar, Kirarimochi, using a blending propor-
tion of 50% [57]. Further studies are required to evaluate
how changes in blending proportion affect DF intake.

The effects on defecation

The effects of DF intake on defecation have been clari-
fied in meta-analyses [19, 22]. Many of these studies uti-
lized processed powders like glucomannan, psyllium, and

inulin, and did not include research using barley. How-
ever, there are several studies that have investigated the
effects of consuming processed barley or whole barley on
human defecation. Studies on processed barley products
have reported increased fecal weight, reduced fecal pH,
and higher butyric acid excretion in Australia [58], along-
side improved defecation frequency and stool output in
Japanese adults with a tendency toward constipation [59].
As far as we know, there are only two studies on whole
barley consumption: one reported an increase in stool vol-
ume in young women [60], and the other showed that 30%
waxy barley rice (Kirarimochi) improved defecation fre-
quency and decreased days of laxative use in constipated
elderly individuals [61]. This study also demonstrated that
both waxy barley cultivars led to increases in defecation
days, defecation frequency, and stool amount follow-
ing the intervention (Fig. 3, Table 5), aligning with prior
research findings. These findings are considered to sug-
gest the defecation-promoting effects of barley.

In addition, the results of regression analysis indicated
that total DF and p-glucan intake were significant factors
in improving constipation symptoms, regardless of the
waxy barley cultivar. Similarly, for the constipation symp-
tom of straining hard during defecation, insoluble DF, in
addition to total DF and pB-glucan, was identified as an
important factor (Table 7). These findings are considered
to support the two mechanisms by which DF prevents
and alleviates constipation—namely, the gel-dependent
water-holding capacity of soluble DF and the mechanical
stimulation of the intestinal mucosa of insoluble DF [24,
62]—and suggest the expected benefits of barley, which
contains a balanced composition of both soluble and
insoluble DF.

In this study, while several improvements in defecation
status were observed within each group for both waxy
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barley cultivars, differences between the cultivars were
noted only in the constipation symptom of straining hard
during defecation. Therefore, even common waxy barley,
which fell below the target B-G level, may still have a cer-
tain effect on promoting defecation.

Previous studies used daily DF and p-G amounts of 1.7
g and 1.0 g [59], as well as 5 g and 3 g [61], respectively,
and a Canadian report suggested that increasing DF
intake by 1 g per day could reduce constipation-related
healthcare costs [63]. Although this study does not allow
for specific recommendations regarding effective DF or
B-G intake levels, it indicates that a B-G intake of less
than 3 g per day (2.5 g of f-G and 6 g of DF in this study)
might still have beneficial effects on defecation.

The effects on sleep, mental health, and HRQoL

As research on the microbiota—gut—brain interac-
tion advances, investigations into the effects of DF on
this interaction are also progressing. The 2024 system-
atic review and meta-analysis [64] found a significant
inverse correlation between total DF intake and symp-
toms of depression and anxiety in observational studies.
The intake of dietary fiber has been reported to increase
fecal Bifidobacterium and Lactobacillus [65], with the
gut microbiota fermenting DF to produce physiologically
SCFAs [29], an increase in fecal SCFAs observed with
barley consumption [34—36], and associations between
certain SCFAs and mood disorders also noted [32].

The significant improvements in mental health
observed with high-B-G waxy barley compared to com-
mon waxy barley in this study are considered to support
these findings.

Additionally, studies using probiotics, including Lac-
tobacillus and Bifidobacterium, have reported improve-
ments in PSQI among healthy adults [66], alleviation of
stress symptoms, improvements in depressive mood and
sleep quality (PSQI score) in young men [67], as well
as improvements in sleep quality (PSQI score) and cer-
tain aspects of HRQoL among healthy adults (Patterson
et al.) [68]. The significant improvement in the PSQI
global score observed with high-B-G waxy barley com-
pared to common waxy barley in this study aligns with
these findings and suggests that DF intake may have ben-
eficial effects on sleep. In this study, both groups showed
improvements in several items related to sleep evaluation
before and after the intervention, as well as improve-
ments in “sleep problems” (a component of the PHQ- 9)
in the evaluation of mental health. It is considered that
these findings may indicate short-term impacts of sleep
on stress, physical health, depression, and QoL [69], as
well as the intricate bidirectional relationship between
sleep and stress [70].
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As far as we have searched, no studies have been found
examining the effects of probiotic intake, much less DF,
on HRQoL. In this study, the usefulness of high-B-G
waxy barley compared to common waxy barley was con-
firmed for sleep and mental health; however, no such
usefulness was observed for HRQoL.

The improvements in vitality (a subscale score of SF36)
observed before and after the intervention in both waxy
barley cultivars are consistent with the findings of Patter-
son et al. [68], who also used SF36, and it is notable that
the mental component summary improved in high-B-G
waxy barley.

Strengths, limitations, and perspectives

This study is one of the few human trials that have exam-
ined the effects of barley on defecation. It is also likely
the first report to examine barley’s effects on sleep, men-
tal health, and HRQoL. This study clarified not only the
total DF intake derived from barley but also the individ-
ual DF intake amounts, including f-G and insoluble DEF,
as well as the overall barley intake. The barley intake in
this study was around 40 g for both waxy barley cultivars,
an amount likely to be incorporated into realistic dietary
practices.

This study has several limitations. We used waxy barley
rice, which was prepared by cooking waxy barley grains
as the test meal. In essence, it should be noted that in
this study, which used whole barley rather than p-glucan
extracts, various components in barley [39], including
B-glucan, may have contributed to the favorable effects
on physiological functions. This suggests the significance
of consuming barley as a whole rather than isolating its
individual components. Additionally, it should be noted
that the participants of this study were Japanese female
university students, and the results may vary depending
on different age groups, genders, ethnicities, and occu-
pational backgrounds. The study period was conducted
during a time with minimal impact from temperature and
humidity, and stress periods related to student exams were
avoided to minimize the effects on defecation, sleep, and
mental health. However, the potential effects of menstrua-
tion specific to women and individual stressors that may
have arisen were not identified or taken into consideration.
Finally, the evaluations of defecation, sleep, mental health,
and HRQoL used in this study were mostly based on sub-
jective assessments by the participants. The improvement
in subjective indicators is thought to be meaningful; how-
ever, it is important to note that these were not objective
measures. Due to these limitations, generalizing the results
of this study to the broader population is challenging,
necessitating further studies in diverse groups to explore
the multifaceted health functionalities of barley.
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Conclusions

This study demonstrated that barley, particularly waxy
barley, consumed as waxy barley rice, serves as an excel-
lent source of DF. Additionally, this study showed that
for the purpose of B-G intake, high-f-G waxy barley is
clearly more beneficial. Regarding the health effects of
barley, this study suggested that both high-B-G waxy
barley and common waxy barley might provide benefits
for defecation, even with a blending proportion of 30%
and an actual consumption frequency of approximately
1.5 times per day. For sleep and mental health, high-
B-G waxy barley may be suggested to have some poten-
tial benefits. Reports examining the effects of barley on
human health are extremely limited. Further research
is needed to explore the diverse potential of barley as a
prebiotic.
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