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ABSTRACT

Objectives: Dietary fiber is recognized as an important nutrient for gut health. However, research on the
relations of different types of fibers (soluble and insoluble) to the human microbiota health is limited.
This study aimed to identify whether higher habitual intake of soluble and/or insoluble fiber have a dif-
ferent influence on the composition, diversity, and abundance of microbiota.
Methods: We examined the fecal microbial composition of 92 healthy females aged 18 and above using
the novel shotgun metagenomics sequencing technique. The habitual fiber intake was determined using
the Saudi food frequency questionnaire. Pearson’s correlation was used for the correlations between total,
soluble, and insoluble fiber and gut microbiota. a- and B-diversities were applied to acquire the distinc-
tions in the relative abundances of bacterial taxa.
Results: Our findings show that higher dietary fiber, particularly insoluble fiber, was significantly corre-
lated with the abundances of Bacteroides_u_s, Bacteroides uniformis, and Lactobacillus acidophilus (r = 0.26,
0.29, 0.26, p-value < 0.05, respectively). Non-significant difference was noted in the microbial a-diversity
and B-diversity in low and high soluble/insoluble dietary fiber.
Conclusions: Current findings suggest that insoluble dietary-fiber intake is favorably correlated with the
health of the human gut microbiota. However, further investigations are necessary to identify the effect
of types of fiber on the specific species identified in this study.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

medication intake, smoking habits, physical activity, and nutrient
intake (Fan and Pedersen 2021). Recent studies have identified a

The gastrointestinal tract houses a complex microbial ecosystem
that co-evolves with the host over time (Thursby and Juge 2017).
Maintaining homeostasis between metabolically healthy micro-
biota and dysbacteriosis is crucial. It can be affected by several
endogenous and exogenous factors such as the host’s genetics,
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complex relationship between dietary fiber, human health, and dis-
ease, with reports indicating that dietary fiber has a major influence
on gut health (e.g., composition, richness, and diversity) (Waddell
and Orfila 2022). For example, a cohort study of 1879 adults
demonstrated that habitual high fiber intake from fruits (approxi-
mately 150 g/day) but not vegetables was significantly associated
with a shift of o-diversity (diversity within a sample) and B-
diversity (diversity between samples) (Jiang et al., 2020). Moreover,
randomized controlled trials (RCTs) have reported that supplemen-
tation with fructo-oligosaccharides, galacto-oligosaccharides,
whole grain, or wheat bran significantly enhances the richness of
Bifidobacteria, Bifidobacterium, and Lactobacilli (Jiang et al., 2020).
Different types of dietary fibers, such as water-soluble fibers
(which form a viscous gel that is fermented by gut microbiota, such
as pectin or gums) and water-insoluble fibers (such as wheat bran
or cellulose that have limited fermentation in the colon), have ben-
eficial metabolic effects in the host body, such as improving insulin
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sensitivity and the gastrointestinal immune barrier (Waddell and
Orfila 2022). However, research on the impact of various types of
fibers on the human microbiota is scarce, specifically in the Saudi
population, where the intake of fiber-rich diets was reportedly
insufficient, especially in women, according to the most recent
2016 Saudi National survey (Moradi-Lakeh et al., 2017).

In recent decades, significant changes in food habits in Saudi
Arabia, from fiber-rich traditional dietary habits to low-fiber Wes-
tern diets, have played a vital role in the emergence of obesity
chronic conditions (Tyrovolas et al., 2020). This is especially con-
cerning for women of childbearing age given that non-
communicable diseases risk in offspring is highly related to the
nutritional status before conception (Barker et al., 2018), and the
fact that habitual high fiber intake could lower the likelihood of
developing gestational diabetes mellitus and other chronic condi-
tions (Reynolds et al., 2020).

Few reports have investigated the relation between the intake
of various types of fiber (soluble and insoluble) and gut microbiota
among Saudi females. This study aimed to identify the correlation
between habitual fiber intake among Saudi females and the com-
position, diversity, and abundance of gut microbiota.

2. Methods
2.1. Design

The current analysis was a secondary analysis of a case-control
study investigating gut signatures in relation to adiposity, with
details published (Aljazairy EA 2022). The focus of this study was
to report on dietary nutrients, particularly fiber (soluble and insol-
uble), in relation to gut signatures. We excluded females who were
pregnant, aged < 18 or greater than 25 years, diagnosed with
chronic conditions (e.g., gastrointestinal diseases), on antibiotic
therapy, or taking dietary supplements in the last six months
(n = 193). After the participants who consented to participate in
the study were gathered (n = 92), appointments were booked at
the clinic for data collection, and containers were provided for fecal
sample collection. Approval to conduct this study was granted
from the ethical committee (IRB #E-19-3625) of King Khaled
University Hospital.

2.2. Habitual dietary intake

During the clinic visit, dietary intake was estimated using a val-
idated “Food Frequency Questionnaire” (FFQ) (Gosadi et al., 2017)
developed by the Saudi Food and Drug Authority and administered
via interviews by trained dietitians. The FFQ, developed in Arabic,
consists of 133 foods and beverages. Habitual food intake was esti-
mated based on the standard serving size of 9 consumption fre-
quencies ranging from “never/< once a month” to “above 6 times/
d.” Detailed questions regarding food items not previously listed
were added to avoid underreporting or missing data. Visuals were
used to help participants estimate the portion size during the inter-
view. The quality of the collected dietary data was continuously
checked using the standard protocol by the study site manager.

The FFQ was used to estimate the total daily macronutrient/mi-
cronutrient intake (total, soluble, and insoluble fiber) using ESHA, a
Food Processor Nutrition Analysis Software (ESHA Research Inc.,
version 10.8, 2010, Salem, Oregon, USA), and data were entered
by trained dietitians. The software includes more than 35,000 food
and beverage items. In addition, other recipes for mixed dishes and
traditional foods consumed in Saudi Arabia that were not available
in the ESHA database were manually added from a traditional
Saudi cookbook. When an exact match of a food item was not avail-
able in the ESHA database, a decision was made regarding the cor-
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rect categorization of the item by the research team of trained
dietitians. The amount of daily food intake was obtained using
the product sum (Sirirat et al., 2019) and was calculated as follows:
the summation of the average consumption frequency in times per
day multiplied by the portion size consumed and multiplied by the
standard serving size of the food item.

2.3. Stool sample (fecal microbiota composition)

Gut composition in participants’ stool samples was determined
using whole-genome shotgun sequencing (WGS), a high-standard
method for evaluating the impact of microbiota on human health
(Liu et al., 2021). During the clinic visit, stool samples were
obtained under strict sterile and anaerobic conditions in clean
and dry containers and then stored at — 80 °C upon reception at
the study laboratory. Afterward, extracted DNA samples were kept
at — 20 °C for further sequencing. Multi-kingdom microbiome
analysis was performed for microbial sequencing. CosmosID plat-
form system for bioinformatics (CosmosID Inc., Maryland, USA)
was used to compute the relative abundance. Each organism
detected was presented in a tabular format with four variables: fre-
quency, percentage of unique matches, percentage of total micro-
bial community detected, and relative abundance.

2.4. Anthropometric measurements

A standardized method was applied to compute weight, height,
and body mass index (BMI) during the clinic visits. Anthropometric
measurements were repeated, and the means were calculated for
data analyses. Weight was measured to the closest 0.1 kg, exclud-
ing heavy clothes, barefoot, on a standard scale (Digital Pearson
Scale; ADAM Equipment Inc., Oxford, Connecticut, USA). Using
the same scale, height was recorded to the closest 0.5 cm, also
barefoot. Weight (kg) was divided by height (m?) to estimate the
BMI. Body fat and muscle distribution (body-fat % and muscle
weight) were recorded (BIA; 770; In Body, Seoul, South Korea).
Waist/hip perimeter were determined to the closest 0.5 cm by
applying standard measures: a non-stretchable tape in a standing
position with closed legs. For abdominal obesity, waist-perimeter
was recorded between the lower rib and the umbilicus, whereas
hip-perimeter was measured over the greater trochanters. The
waist/hip ratio was computed by dividing the average waist- by
the average hip-perimeter.

2.5. Statistical analysis

Normality and skewness of the quantitative data were checked
before analyses. Mean * SD and frequencies were used for contin-
uous and categorical variables, respectively. Data are presented by
the median total fiber intake (low; [<9 g/1000 calories/day], high;
[>9 g/1000 calories/day]). Unpaired t-test was applied to compute
differences (e.g., anthropometric data).

The correlations between total, soluble, and insoluble fiber and
gut microbiota, as well as with anthropometric measurements was
calculated using Pearson’s correlation coefficient (r). The online
CosmosID™ bioinformatics program was used to assess the statisti-
cal difference in the microbial o~ and B-diversity between low and
high intake of total fiber, soluble fiber (low, <3 g per 1000 calories
per day and, high, >3 g per 1000 calories per day), and insoluble
fiber (low, <7 g per 1000 calories per day and high, >7 g per
1000 calories per day).

To acquire the distinctions in the relative abundances of bacte-
rial taxa, the o- (Simpson’s Diversity Index), and B-diversity (Bray-
Curtis test) were applied for differences in community composi-
tion. Significance was indicated by a p-value < 0.05. IBM SPSS
(IBM 24, New York, USA) was used for all analyses.
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Table 1

General Characteristics of Participants Stratified by Total Fiber Intake, n = 921.
Variables Low total fiber (<9 g/1000 calories) High total fiber (>9 g/1000 calories) p-value
N 46 46
Median fiber (g/1000 calories) 5.4 7.8
Age (y) 21.3 (1.5) 20.8 (1.5) 0.11
Anthropometric Measurements
BMI (kg/m?) 30.4 (8.3) 26.7 (7.2) 0.02
WHR (ratio) 0.74 (0.15) 0.73 (0.07) 0.64
Body fat (%) 449 (8.8) 40.2 (9.3) 0.02
Muscle mass (%) 26.3(7.0) 30.4 (9.4) 0.02
Dietary data
Energy (Calories/d) 4507 (1700) 3306 (1440) 0.05
Dietary protein (%) 16.3 (5.8) 16.0 (2.3) 0.17
Dietary total fat (%) 39.5(10.8) 37.5(13.1) 0.39
Saturated fat (%) 12.5 (4.8) 11.6 (3.3) 0.13
Monounsaturated fat (%) 11.9 (4.5) 15.2 (5.4) <0.01
Polyunsaturated fat (%) 10.9 (5.7) 11.5 (5.0) 0.59
Dietary carbohydrate (%) 44.2 (14.1) 46.5 (11.4) 0.74
Total fiber (g/1000 calories) 7.0 (2.0) 11.1 (2.9) <0.0001
Soluble fiber (g/1000 calories) 2.1 (0.6) 3.6 (0.9) <0.0001
Insoluble fiber (g/1000 calories) 49 (14) 8.5 (2.0) <0.0001
Gut Microbiota
Firmicutes 0.2368 (0.1028) 0.2341 (0.1069) 0.89
Blautia Wexlerae 0.00644 (0.00495) 0.00808 (0.00613) 0.16
Flavonifractor Plautii 0.00103 (0.000861) 0.00113 (0.00185) 0.74
Fusobacteria 0.000185 (0.00125) 0.000011 (0.000077) 0.35
Clostridium Bolteae 0.000956 (0.00160) 0.00065 (0.00185) 0.39
Faecalibacterium Prausnitzii 0.0217 (0.0124) 0.0207 (0.0129) 0.70
Clostridioides Difficile® 0.000129 (0.000463) 0.000092 (0.000488) 0.71
Bacteroidetes 0.7039 (0.1242) 0.7145 (1291) 0.07
Bacteroides Faecichinchillae® 0.00011 (0.00375) 0.000028 (0.000193) 0.19
Bacteroides Thetaiotaomicron 0.00817 (0.00808) 0.00883 (0.00739) 0.67
Bacteria_u_p 0.000734 (0.0011) 0.000802 (0.00158) 0.81
Bacteroides_u_s 0.00279 (0.00368) 0.00562 (0.00990) 0.04
Bacteroides Uniformis 0.0755 (0.0492) 0.0627 (0.0350) 0.15
Bifidobacterium Adolescentis 0.00753 (0.0105) 0.0108 (0.0159) 0.25
Bifidobacterium Kashiwanohense 0.000889 (0.00205) 0.0011 (0.00190) 0.62
Bifidobacterium Longum 0.00672 (0.00703) 0.0068 (0.00657) 0.96
Bifidobacterium Merycicum 0.000067 (0.000397) 0.000054 (0.000330) 0.87
Lactobacillus Acidophilus 0.000011 (0.000274) 0.000064 (0.000261) 0.05
Actinobacteria 0.0376 (0.0316) 0.0400 (0.0340) 0.72
Bifidobacterium Pseudocatenulatum 0.00321 (0.00674) 0.00238 (0.00403) 0.48
Verrucomicrobia 0.00459 (0.0143) 0.00495 (0.00785) 0.88
Akkermansia Muciniphila 0.00479 (0.0143) 0.00496 (0.00784) 0.94
Proteobacteria 0.0143 (0.0144) 0.0152 (0.00941) 0.73
Fusobacteria 0.000185 (0.00125) 0.000011 (0.000077) 0.35
F/B (ratio) 0.38 (0.26) 0.40 (0.40) 0.81

tData presented as mean (SD) and %. p-value < 0.05 considered significant. Bacteria written in bold indicate phylum while in italic indicate species. Body Mass Index (BMI),

Firmicutes/Bacteroidetes (F/B), Waist Hip Ratio (WHR).
3. Results
3.1. Descriptive data

The overall dietary fiber intake was 15 g/day (data not shown).
Table 1 presents the descriptive data of study participants (n = 92)
stratified by total fiber intake. Anthropometric measurements
(BMI, body fat (%), and muscle mass [%]) and total energy intake
were all higher in participants with lower vs. higher total fiber
intake. Furthermore, specific species (Bacteroides_u_s and Lacto-
bacillus acidophilus) were more abundant in those with higher vs.
lower total fiber intake (mean [SD]: 0.00562 [0.00990] vs.
0.00279 [0.00368] and 0.000064 [0.000261] vs. 0.000011
[0.000274], respectively).

3.2. Fiber intake and gut microbiota species, abundance, and diversity

Pearson’s correlation test revealed that BMI and body fat% were
inversely correlated with total and insoluble fiber intake (Table 2).
Bacteroides_u_s, Bacteroides uniformis, and Lactobacillus acidophilus
were positively correlated with fiber intake, with stronger correla-

tions observed for insoluble fiber (r = 0.26, 0.29, and 0.26, respec-
tively) (Table 2).

Non-significant difference in the microbiota a-diversity was
noted between low vs. high total and soluble fiber intake. However,
the Simpson’s Diversity Index revealed that participants with
higher insoluble fiber intake had a higher a-diversity than those
with lower insoluble fiber intake (0.95 vs. 0.93, p = 0.04) (Fig. 1).
Non-significant difference was found in the microbiota B-
diversity in low vs. high total, soluble, and insoluble fiber intake
(Fig. 2).

Relative abundance of the major phyla was similar in the low
and high insoluble fiber intake groups, with the dominant phyla
being Actinobacteria, Bacteroidetes, and Firmicutes. A slightly higher
abundance of Proteobacteria was observed in those with a high
insoluble fiber intake than in those with a low intake (1.19% vs.
1.77%, p < 0.05) (Fig. 3).

4. Discussion

The current study tested the hypothesis that total, soluble and
insoluble fiber are favorably related to the composition, diversity,
and abundance of gastrointestinal microbiota in Saudi females.
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Table 2
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Correlations of Total, Soluble, and Insoluble Fiber with Gut Microbiota and Other Variables, n = 92,

Dietary Energy Total fiber Insoluble fiber
BMI 0.02 -0.21* -0.25*
WHR —-0.08 —-0.07 —-0.08
Waist -0.04 -0.16 -0.19
Body fat% 0.06 -0.22* -0.24*
Firmicutes —-0.01 —0.05 —0.08
Blautia Wexlerae 0.16 0.01 0.02
Flavonifractor Plautii 0.09 -0.03 -0.01
Fusobacteria —-0.03 -0.11 -0.10
Clostridium Bolteae 0.08 —-0.08 -0.07
Faecalibacterium Prausnitzii 0.01 0.05 0.07
Clostridioides Difficile® —-0.01 -0.10 —-0.11
Bacteroidetes 0.04 0.06 0.08
Bacteroides Faecichinchillae® —-0.02 0.16 0.19
Bacteroides Thetaiotaomicron —-0.05 0.02 0.03
Bacteria_u_p 0.01 0.03 0.03
Bacteroides_u_s 0.03 0.23* 0.26*
Bacteroides Uniformis 0.17 0.25* 0.29*
Bifidobacterium Adolescentis 0.06 0.07 0.06
Bifidobacterium Kashiwanohense 0.09 0.03 0.03
Bifidobacterium Longum 0.11 0.13 0.15
Bifidobacterium Merycicum 0.04 0.03 0.02
Lactobacillus Acidophilus 0.02 0.21 0.26
Actinobacteria —-0.08 0.01 0.01
Bifidobacterium Pseudocatenulatum —0.08 -0.03 -0.04
Verrucomicrobia —-0.05 0.06 0.01
Akkermansia Muciniphila —-0.05 -0.02 —-0.01
Proteobacteria —0.04 0.14 0.15
Fusobacteria —-0.03 -0.10 -0.12
F/B (ratio) -0.04 0.07 0.08

tAsterisks indicate statistical significance (p < 0.05). Body Mass Index (BMI), Firmicutes/Bacteroidetes (F/B), Waist Hip Ratio (WHR).
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Fig. 1. Comparison of gut microbiota a-diversity by insoluble fiber intake using Simpson’s Diversity Index, p = 0.04.

We demonstrated that more dietary fiber intake, especially insol-
uble fiber, is positively associated with the community structure
of the microbiome, particularly in Bacteroidetes species. Our find-
ings suggest that different types of fiber may impact bacterial rich-
ness differently.

Another important observation in this study was that overall
fiber intake was generally low (15 g/day) compared with the rec-
ommended daily fiber intake for females (21-25 g/day) (Lupton
et al., 2002). The present dietary changes from traditional Saudi
food to westernized dietary patterns (low fiber content) (Moradi-

Lakeh et al., 2017) may have contributed to the low diversity of
human gut microbiota (Cronin et al., 2021). Such a result is also
worrisome because dietary fiber has long been related to reducing
the risk of chronic diseases, including coronary heart-disease
(Bechthold et al., 2019) and atherosclerosis (Reynolds et al.,
2019) and improving immunity by increasing short-chain fatty-
acid (SCFA) (Beukema et al., 2020). Moreover, it helps in weight
control by increasing gastric acids and satiety and decreasing hun-
ger hormones (Hume et al., 2017).
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Low insoluble fiber
(n=46)

(n=46)

Abundance (%)

High insoluble fiber

Phylum level Low High

insoluble insoluble
fiber fiber
(n=46) (n=46)
.Bactermdetes 70.10 70.50
I Firmicutes 24.01 23.20
.Actinobacteria 3.97 3.83
Proteobacteria 1.19 1.77

.Verrucomicrobia

0.51 0.46
.Bacteria_u_p

0.10 0.06

Fig. 3. Phylum-level classification of gut microbiota relative to insoluble fiber.

We found that participants with more fiber intake demon-
strated higher levels of Bacteroides_u_s and Lactobacillus aci-
dophilus. 1t is worth noting that “Bacteroides_u_s” is an
unidentified species, indicating that the organism is novel and
has not yet been characterized. Furthermore, insoluble fiber intake
was directly correlated with the abundance of Bacteroides_u_s and
Bacteroides uniformis. This agrees with the findings of a previous
study with a larger sample of healthy adults, in which high dietary
fiber from fruits was related to the composition of Bacteroidetes
phyla (Jiang et al., 2020). Most RCTs have investigated the effects
of high-fiber dietary sources, but only a few have investigated
the effects of fiber types, such as insoluble fibers, on the health
of gastrointestinal bacteria (Aoe et al., 2018, Kaczmarek et al,,
2019). For example, a 4-week RCT of 60 participants from Japan

compared the impact of wheat bran alone and in combination with
barley (a rich source of insoluble fiber) on the gut microbiota (Aoe
et al., 2018). A significant interactive effect on the genus Bac-
teroides was associated with both groups, whereas the combination
with barley increased the relative-abundance of butyrate-
producing-bacteria owing to greater fecal concentrations of SCFAs,
mainly butyrate (Aoe et al., 2018). In contrast, a crossover trial of
20 participants diagnosed with glucose intolerance and/or hyperc-
holesterolemia aimed to identify the correlation of 6-week admin-
istration of whole-grain oat-granola on cardiovascular risk factors,
in addition to its influence on the fecal microbiota of the host
(Connolly et al., 2016). In their study, the intake of 45 g of
whole-grain oats resulted in significant modulation of the abun-
dance of Bifidobacteria, Lactobacilli, and the total bacterial count
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(p < 0.001), but not of Bacteroides (Connolly et al., 2016). Inconsis-
tent results may be attributed to different study designs, specifi-
cally the sample age group, as other studies showed that the gut
microbiota composition varies among different ages (Salazar
et al., 2019).

Our results showed an higher a-diversity in those with higher
insoluble fiber intake, which is consistent with the findings report-
ing that habitual high fiber intake was strongly correlated with the
shift of a-diversity and B-diversity (Jiang et al., 2020). In a study in
mice, kale positively modulated richness/p-diversity of Bacteroide-
tes microbiota and decreased the Firmicutes/Bacteroidetes ratio
(Kaczmarek et al., 2019). The majority of fibers in kale are non-
digestible plant polysaccharides involved in inflammatory mecha-
nisms and are abundant in phytochemical metabolic products (e.g.,
polyphenols, glucosinolates, and sulfur-containing indolics)
(Shahinozzaman et al., 2021), thus influencing the microbiota com-
position of the host. This contrasts with our findings, as we
observed no association between B-diversity and total, soluble, or
insoluble fiber intake.

Previous studies have concluded that variances in gut composi-
tion and diversity may be attributed to various lifestyle-factors,
which may explain the inconsistent findings between local and
global studies. Varying cultural and dietary traditions result in dis-
parities in the gut composition (Yasir et al., 2015). Another expla-
nation for the differences between studies may be attributed to
seX, as evidence shows that sex-hormones play a vital role in reg-
ulating gut microbiota diversity (Markle et al., 2013, Yurkovetskiy
et al.,, 2013). This may also explain why no significant difference
was noted in bacterial abundance between high and low total, sol-
uble, and insoluble fiber intake in our study, whereas other studies
reported that the intake of broccoli lowered Firmicutes relative
abundance and elevated that of Bacteroidetes and Bacteroides in
adults in comparison to controls (Shahinozzaman et al., 2021). As
for the identification of gut composition, we used WGS, whereas
previous reports used 16S rRNA-sequencing with MiSeq technol-
ogy (Yasir et al., 2015, Harakeh et al., 2020).

The impact of fiber intake on the gut may be due to high SCFA-
production (Cronin et al., 2021). SCFAs, mainly acetate and buty-
rate, play major roles in boosting the mucosal layer of the gut, pro-
ducing antimicrobial substances, reducing oxygen levels, and
maintaining the overall immunity of the host (Makki et al.,
2018). Furthermore, polyphenols in fruits, vegetables, and cereals
can significantly enhance beneficial gut bacteria (e.g., Bifidobac-
terium), and prevent several pathogenic species in the host
(Selma et al., 2009). Both in vivo and in vitro trials have demon-
strated that polyphenol fermentation can positively modulate the
composition/diversity of the microbiota ecosystem, in addition to
enhancing the growth of several Bacteroidetes phyla by reducing
the ratio of Firmicutes to Bacteroidetes (Etxeberria et al., 2015, Seo
et al,, 2015). In addition, the favorable effects of insoluble fibers
found in apples, dried figs, pears, kale, broccoli, peanuts, walnuts,
whole grains, cereals, and seeds may be attributed to the high
fat-soluble vitamin content in some insoluble fiber-rich foods
(2021, 2022). For example, fortified cereals rich in vitamin D
(2021) may positively influence the microbiota and increase SCFA
production (Ciubotaru et al., 2015, Jeffery et al.,, 2015, Lv et al,,
2016, Wang et al., 2017). Vitamin A supplementation may improve
gut integrity and decrease the morbidity and mortality rates from
gastrointestinal tract infectious diseases (Thornton et al., 2014) by
elevating the richness of Lactobacillus sp. (Liu et al,, 2017) and
reducing the ratio of Firmicutes to Bacteroidetes (Liu et al., 2017).
Additionally, vitamin E in nuts, such as almonds and peanuts,
and in spinach and broccoli (2021) can positively influence the
microbiota (Wang et al., 2017).

This study had several strengths. We used WGS, a highly stan-
dard and sensitive method for identifying taxonomies. In addition,
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several measures were used to ensure accurate data collection,
including face-to-face interviews and repeated anthropometric
measurements. To measure microbial diversity, we presented o-
diversity (indicating gut richness) and B-diversity (indicating com-
position differences). However, the limitations of this study should
also be acknowledged. Although the FFQ is considered a reliable
tool for estimating habitual food intake, measurement errors may
exist owing to recall bias. Furthermore, causality cannot be con-
firmed because this study was observational, and potential con-
founding factors cannot be ruled out. Finally, the study
population included only female participants from one setting.
Therefore, our results may not be generalizable to the entire study
population.

5. Conclusions

Our findings suggest that higher habitual insoluble dietary fiber
is correlated with favorable health of the human gut microbiota,
favoring beneficial bacterial communities, particularly the relative
abundance of Bacteroides_u_s and Bacteroides_uniformis. The
majority of currently published trials focused on the short-term/
acute impact of dietary fiber sources or prebiotics on gut micro-
biota composition (Connolly et al., 2016, Aoe et al, 2018,
Kaczmarek et al., 2019, Shahinozzaman et al., 2021) but not on dif-
ferent types of fiber. Future studies that address the effects of fiber
intake, especially insoluble fiber intake, on individuals with altered
gut microbiota and suboptimal gastrointestinal function (e.g., con-
stipation) are warranted.
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