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Abstract

Aim: Childhood obesity is a global health concern that affects the daily life of children. It has a complex
pathogenesis that involves genetic and nutritional factors among others. Moreover, the dysbiosis of gut
microbiota has been recently associated with the development and progression of obesity.

Methods: A total of 43 faecal samples were collected from Saudi children; among them, 26 were normal
and 17 were obese. Whole genomic DNA was extracted from their faecal samples and sequenced using an
[llumina Sequencing platform.

Results: The gut microbiota was dominated by Phyla Firmicutes (69.00%) and Bacteroidetes (20.00%),
followed by Actinobacteria (8.50%). In children with obesity, the abundance of Firmicutes was decreased,
while Bacteroidetes was relatively enriched. Verrucomicrobia and Proteobacteria were not detected in the
obese group, but they were found in low abundance in the control group. Phylum Firmicutes was
dominated by the families Ruminococcaceae (17.86%) and Lachnospiraceae (41.20%). Less
Ruminococcaceae was found in the obese group. Phylum Bacteroidetes was dominated by families
Bacteroidaceae (12.98%) and Prevotellaceae (4.10%), which were enriched in the obese group. Genus
Blautia (14.29%) was highly abundant, followed by Bacteroides (12.98%), Faecalibacterium (10.08%),
Bifidobacterium (7.96%), and Prevotella (5.04%). Ruminococcus_g2 and _g4, Subdoligranulum, Roseburia,
Fusicatenibacter, Anaerostipes, and Faecalibacterium were decreased (P> 0.05) in the obese group, while
Streptococcus, Agathobacter, Prevotella, Bacteroides, and Bifidobacterium were increased (P > 0.05).
Conclusions: In conclusion, a diverse bacterial community was profiled in Saudi preschool children, and
changes in bacterial community composition were observed between obese- and normal-weight children.
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Introduction

Childhood obesity is one of the most serious global health issues in children, and its pervasiveness has
increased at an alarming rate [1]. According to the World Health Organization [2], childhood obesity is
defined as an abnormal or excessive fat accumulation that may damage health. This puts them at an
increased risk for multiple obesity-related health problems. Studies found that there is a strong relationship
between obesity and non-communicable diseases (NCDs), such as heart disease, high blood pressure,
various cancer types, type 2 diabetes mellitus (T2DM), osteoarthritis, and respiratory problems [3, 4].

The global prevalence of childhood obesity has increased at a disturbing rate, and it is presently one of
the major public health threats [2]. Although it is still at a high level, childhood obesity levels appear to have
stabilised in some high-income countries. However, it has an increasing predominance in children in
numerous low- and middle-income countries [5].

According to the Global Burden of Disease Study 2013, 24% of boys and 23% of girls were overweight
in 2013 from 17% and 16% in 1980, respectively [5]. Some studies established that overweight children
and adolescents are more likely to be overweight or obese during adulthood [6, 7]. Obesity results in
problems in their general health and well-being, and they suffer from obesity-related complications [7]. It is
associated with a higher risk of developing NCDs at a young age and premature adult death, which depends
in part on the age of onset and duration of obesity [8].

Obesity is a growing global health problem that increases the risk of several NCDs, including
cardiovascular disease, diabetes, and cancer, in developed and developing countries [9]. NCDs, including
cardiovascular disease, cancer, and diabetes, account for more than 70% of premature deaths worldwide
and are the leading cause of premature death and disability, obesity is also associated with approximately
5-20 years of life lost depending on its severity and comorbidities, and it significantly increases the risk of
metabolic diseases (e.g., T2DM and fatty liver disease), cardiovascular disease (hypertension, myocardial
infarction, and stroke), musculoskeletal disease (osteoarthritis), Alzheimer’s disease, depression, and
certain types of cancer (e.g., breast, ovarian, prostate, liver, kidney, and colon) [10].

Many comorbidities seen in young adults with obesity, including T2DM, dyslipidaemia, obstructive
sleep apnoea, and steatohepatitis, were previously considered ‘adult’ diseases. The severity of these
comorbidities usually increases with the severity of obesity [11].

Obesity has also been related to an increased risk of several types of cancer [12]. The second most
avoidable cause of cancer in Britain is overweight and obesity; in more than 20 cancer cases, excess weight
causes more than 1 in 20; the more weight a person gains and the longer they are overweight, the higher
the risk [13]. It is associated with oesophageal, colon, rectal, and kidney cancer [5, 14].

The intestinal microbiome is composed of diverse bacterial species found in the gastrointestinal (GI)
system. The gut microbiota of obese people is aberrant (dysbiosis). Obesity and T2DM are exacerbated by
gut dysbiosis [9]. However, these processes may be disturbed due to changes in microbial composition, a
condition known as dysbiosis [15]. The human GI tract is one of the biggest interfaces (250-400 m?) in the
human body between the host, environmental variables, and antigens. It is home to a diverse and ever-
changing community of bacteria known as the gut microbiota, and it is a collection of bacteria, archaea, and
eukarya that co-evolved with the host over thousands of years to establish a complicated and mutually
beneficial relationship. The number of microorganisms inhabiting the GI tract was estimated to reach 10'*,
which includes about 10 times more bacterial cells than human cells and more than 100 times the quantity
of genetic material (microbiome) in the human genome [15].

The host and gut microbiota have developed a tight symbiotic relationship. This is not limited to the
interchange of materials and information but also includes participation in the host’s nutrition, metabolism,
excretion, and metabolite conversion. Host metabolism is a product of the body’s DNA and gut microbial
genome [16].
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The relationship between the gut microbiota and human health is becoming more well-acknowledged.
It is now well-established that healthy gut microbiota is primarily responsible for the host’s general health.
The bacteria in human gut play a crucial part in indigestion, and they may also play a role in whether the
human become obese or not [17, 18]. A study concluded that the strong relationship between microbiome
changes and obesity that is observed in mice does not apply to humans, because no significant differences
in the Bacteroidetes/Firmicutes ratio were observed between obese and non-obese individuals [19].
Firmicutes and Bacteroidetes are two predominant bacteria in the gut microbiota, whose quantity is
impacted by diet and body fat content. It was observed that Megamonas spp., Enterococcus, and Blautia, a
Firmicutes bacteria was at least 2-fold more significantly abundant in obese children than in normal-weight
[16, 20]. The abundance of Akkermansia from the phylum Verrucmiobia, an intestinal microflora, was
increased in successful weight loss patients, whereas obese children revealed a significantly lower
abundance in Akkermansia muciniphila and A. muciphilia-like bacteria [16, 21, 22].

This study aimed to investigate the relationship between the types of food consumed and obesity in
preschool children and the reflection of these factors on the composition of their microbiota.

Materials and methods
Ethical approval

The Ethics Committee of Institutional Review Board of Ministry of Health approved the study protocols
(approval number: A01436) on September 11, 2022.

Parent survey

A survey was done to parents of 79 children; 43 were included in this study and 14 were excluded for non-
compliance with the criteria (https://forms.gle/47aFU3wrdA]JLzQ4B6).

Sample collection

Faecal samples were collected from the children, placed in sterilised containers, and stored at 4°C. The
children who were treated with antibiotics in the last 6 months and those who have diabetes and chronic
disease like eczema, allergy, etc., were excluded.

Calculation of body mass index

Age and gender were recorded, and body mass index (BMI) was calculated. BMI Z-scores (Z-score
Calculator) were derived according to the World Health Organization (WHO) Body mass index-for-age
(BMI-for-age) child growth standards for children younger than 5 years [23].

Molecular identification of isolated bacteria

The bacterial DNA was extracted using the Qiagen DNA extraction kit (QIAGEN, Germany), according to the
manufacturer’s instructions [24]. The extracted DNA was stored at -20°C.

The 16S gene was amplified by PCR illumina (Macrogen, Korean), using primer sets 518F (5’-
CCAGCAGCCGCGGTAATACG-3") and 800R (5’-TACCAGGGTATCTAATCC-3"), which were based on sequences
of conserved regions [25]. The Infection Disease Unit of King Fahad Medical Centre for Research, King
Abdulaziz University sequenced the extracted DNA on February 15, 2020. The sequenced data were
analysed using BLAST-NCBI [Available online: http://blast.ncbi.nlm.nih.gov/Blast.cgi (accessed on March 7,
2020)]. A phylogenetic tree was made using MEGA [Available online: http://www.megasoftware.net
(accessed on August 21, 2021)].

Statistical analysis

After sequencing, FastQC program was used for quality control in evaluating the results, amounts of data,
read qualities, GC distributions, kmer distributions, and possible adapter contamination for each sample
[26]. Reads with poor read quality (Phred Score < Q20, 30 bp window range) were removed from all data,
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and chimeric sequences with possible adapter contaminants using the Trimmomatic tool [27]. Taxonomic
profiling was performed using the Kraken2 [28], with the database of Silva 2020 serving SILVA-Database
Commons (arb-silva.de) as a reference dataset [29]. The operational taxonomic unit (OTU) groups in each
sample were determined after alignment. R scripts were used in data reporting, statistical analysis, and
data visualization (https://www.R-project.org/).

Results

In this study, the children included were 23 (53.49%) male and 20 (46.51%) female (Figure 1a), there ages
include 23 (53.49%) were 2-3 years old, 8 (18.61%) were 3-4 years old, 6 (13.95%) were 4-5, and 6
(13.95%) were 5-6 years old (Figure 1b). In addition, 26 (60.47%) had a normal BMI, and 17 (39.53%)
were obese. Moreover, 27 (62.79%) did not use antibiotics during the year of the study, while 13 (30.23%)

used 1-2 antibiotics, and 3 (6.98%) used 3-4 and more than 5 antibiotics 6 months before collecting the
faecal sample (Figure 2a and b).
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Figure 1. lllustrated (a) number of genders included in this study, (b) a percentage of age categories in the study groups
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Figure 2. Depicted (a) BMI of preschool children, (b) number of antibiotics used by preschool children during the study year
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Eating habits and preferences

According to the survey results (Figure 3), 38 (88.37%) of the children were eating breakfast, while 5
(11.63%) were not eating breakfast. Moreover, 31 (72.09%) of the children have eaten snacks between
their meals, while 12 (27.91%) did not have snacks between their meals. As eating habits, 32 (74.42%)
were eating in front of the television, while 11 (25.58%) were not eating in front of the television
(Figure 3a). The consumption of fast-food and soft drinks showed 21 (48.84%) have eaten fast-food once a
week, 12 (27.91%) were eating fast-food daily, while 10 (23.25%) never eat fast-food (Figure 3b). In terms
of food type, the highest number of children who consume fruits and vegetables was up to 23 (53.49%), and
children who consume nuts and chips with juice were 22 (51.16%), while the total number of children who
consume sugar was 21 (48.84%). Moreover, the children who depend on only sugar were 7 (16.28%), and 9
(20.93%) rely only on juices, while 12 (27.91%) rely on fruits, vegetables, nuts, or chips (Figure 3c). On the
other hand, the children’s meal depends on type of nutrient showing 15 (34.88%) of the children were
eating carbohydrates, 5 (11.63%) were eating protein, and 11 (25.58%) were eating dairy and its
derivatives, and the same number [11 (25.58%)] of children were eating all nutrient equally (Figure 3d).

(@) (b)
120 ®Once a week

u Eat beakfast Daily

Snacks Never
100 Eating in front of television

80

23.25%

60

40 g 27.91%
0
Yes No
() (@)
Nuts & chips S
E
RIReY 5% §
I O(, - ®
12 Q@ 3 § E &
7 22, = el S
Sugars 2 g = &
4 % - &
3 % BEMKN
%, Yo, > &
1 2 4 ¥, & &
%) '6% \\
N
3
12
1 9 Juices

Fruits & vegetables

Figure 3. Eating habits and nutrition consumption of children under the study. (a) Diet habits; (b) consumption of fast-food and
soft drinks; (c) types of snacks; (d) types of nutrition composition

MiSeq sequencing

To investigate the bacterial community, Illumina MiSeq sequencing was conducted, and 2,294,429 valid
sequence reads and 12,368 OTUs were obtained from 43 normal and obese preschool children. The
samples from normal children contained 47.7-69.7 thousand reads and 162-451 OTUs, while those from
obese children had 42.6-60.7 thousand sequence reads and 162-418 OTUs (Table 1). The rarefaction
curves constructed from OTUs reached saturation, showing that the obtained sequence reads were enough
to represent the bacterial diversity in obese and normal subjects (Figure 4).
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Table 1. Microbial community richness and diversity indices of 16S rRNA sequences for clustering at 97% sequence similarity
from 43 different preschool children

Sample Target OTUs ACE Chao Jackknife NPShannon Shannon Simpson Phy. Good’s coverage of
name reads diversity library (%)
Control_1_1 69,780 259 297.5 284.07 307.00 3.15 3.14 0.10 409 99.93
Control_2_1 61,784 162 193.0 187.62 199.00 2.83 2.83 0.10 281 99.94
Control_3_1 53,552 236 281.7 269.60 285.00 3.22 3.21 0.09 388 99.91
Control_4_1 60,470 377 451.9 429.68 455.00 4.08 4.07 0.03 569 99.87
Control_5_1 50,717 360 406.9 386.52 421.00 3.88 3.87 0.04 556 99.88
Control_6_1 52,779 256 302.6 289.15 308.00 3.25 3.25 0.09 414 99.90
Control_7_1 49,700 327 375.9 370.98 389.06 3.95 3.94 0.03 518 99.88
Control_8_1 48,105 303 361.1 343.20 370.00 3.67 3.66 0.04 471 99.86
Control_9_1 51,099 259 311.1 298.33 319.00 3.33 3.32 0.07 416 99.88
Control_10_1 65,091 301 350.9 334.73 359.00 3.45 3.44 0.07 464 99.91
Control_11_1 51,644 360 414.7 400.68 428.00 3.61 3.60 0.05 572 99.87
Control_12_1 52,558 216 277.6 269.00 273.13  3.26 3.25 0.08 371 99.90
Control_13_1 57,434 320 371.4 352.00 385.00 3.71 3.70 0.04 472 99.89
Control_14_1 50,603 243 271.3 261.57 283.00 3.08 3.08 0.08 347 99.92
Control_15_1 55,417 325 388.3 380.86 397.82  3.60 3.60 0.07 531 99.88
Control_16_1 45,546 296 351.0 341.03 355.76  4.08 4.07 0.02 491 99.87
Control_17_1 49,059 331 411.1 389.52 411.61 3.58 3.57 0.05 540 99.84
Control_18_1 49,636 376 435.9 425.29 446.17 4.15 415 0.03 590 99.86
Control_19_1 56,985 189 221.0 208.50 228.00 2.88 2.87 0.09 310 99.93
Control_20_1 50,416 218 255.0 241.92 260.00 3.14 3.13 0.10 370 99.92
Control_21_1 53,712 316 356.6 342.55 372.00 3.56 3.55 0.06 449 99.90
Control_22_1 52,163 451 517.9 494.01 536.00 3.92 3.91 0.05 656 99.84
Control_23_1 52,515 219 2449 231.75 253.00 3.29 3.29 0.07 346 99.94
Control_24_1 56,110 393 4452 433.45 462.00 4.03 4.02 0.03 579 99.88
Control_25_1 47,746 365 448.0 422.15 449.10 3.55 3.54 0.06 583 99.82
Control_26_1 58,904 421 492.6 473.21 507.00 3.95 3.94 0.04 652 99.85
Obese_27_1 60,744 232 2724 263.53 276.00 2.99 2.98 0.13 389 99.93
Obese_28_1 42,660 162 186.9 177.54 192.00 2.70 2.69 0.12 265 99.93
Obese_29 1 59,831 203 234.1 222.59 240.00 2.85 2.85 0.11 318 99.94
Obese_30_1 49,395 418 504.0 473.56 511.00 4.1 4.10 0.03 632 99.81
Obese_31_1 58,618 261 299.6 284.06 310.00 3.38 3.37 0.07 414 99.92
Obese_32_1 45,830 286 330.7 312.52 338.00 3.56 3.55 0.05 451 99.89
Obese_33_1 56,615 186 233.2 217.36 232.00 2.70 2.69 0.11 312 99.92
Obese_34_1 56,719 381 441.3 420.76 450.00 4.19 418 0.03 588 99.88
Obese_35_1 43,701 385 448.0 439.81 461.73  4.08 4.07 0.04 613 99.83
Obese_36_1 46,505 343 401.1 394.12 415.27  3.75 3.74 0.05 543 99.85
Obese_37_1 53,604 286 328.4 317.32 339.00 3.14 3.13 0.09 446 99.90
Obese_38_1 46,660 252 300.2 283.57 304.00 3.48 3.47 0.05 405 99.89
Obese_39_1 55,664 220 282.4 269.68 279.45  2.93 2.92 0.09 349 99.90
Obese_40_1 59,483 160 218.8 197.63 203.96  2.67 2.67 0.13 277 99.93
Obese_41_1 50,994 189 227.5 216.44 228.00  3.09 3.09 0.09 307 99.92
Obese_42_1 54,983 343 411.6 383.43 416.00 3.40 3.39 0.09 505 99.87
Obese_43_1 46,898 182 214.8 199.00 216.00 2.87 2.87 0.11 298 99.93

ACE: alpha diversity index; Chao: chao1 index; Phy. diversity: phylogenetic diversity

Bacterial community composition

The bacterial community composition of the obese compared with the normal weight of preschool children
is shown in Figure 5. As presented in Figure 53, the bacterial communities were dominated by Firmicutes
(69.17%) and Bacteroidetes (20.39%), followed by Actinobacteria (8.60%). Variations in bacterial
community compositions were detected between the study groups. The level of Firmicutes was decreased

Explor Med. 2023;4:612-24 | https://doi.org/10.37349 /emed.2023.00164 Page 617



500

450

400

350

300

250

OTUs

200
150
100 |

50

10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000
Reads

Figure 4. Rarefaction analysis of different samples. Rarefaction curves of OTUs clustered at 97% sequence identity for different
samples

while Bacteroidetes was increased (P > 0.05) in children with obesity, compared with that in preschool
children with normal weight. Verrucomicrobia and Proteobacteria were also not detected in obese children,
but these were detected in 1.19% and 1.00%, respectively, in the control group (Figure 5a).

In the control group, the Phylum Firmicutes was mainly composed of Lachnospiraceae (41.20%),
Ruminococcaceae (17.86%), Streptococcaceae (2.70%), Erysipelotrichaceae (2.24%), Veillonellaceae
(1.42%), Peptostreptococcaceae (1.38%), and Clostridiaceae (0.77%). Additionally, families Bacteroidaceae
(12.98%) and Prevotellaceae (4.10%) dominated phylum Bacteroidetes. Bifidobacteriaceae (7.45%) and
Akkermansiaceae (1.19%) of phylum Actinomycetes and Verrucomicrobia, respectively, were detected in
this study (Figure 5b). Families Bifidobacteriaceae, Bacteroidaceae, Prevotellaceae, Streptococcaceae, and
Erysipelotrichaceae were relatively increased (P > 0.05) in the obese group, while Veillonellaceae,
Peptostreptococcaceae, and Ruminococcaceae were found in relatively low abundance in the obese group.
In addition, Rikenellaceae, Porphyromonadaceae, and Clostridiaceae were not detected in the obese group,
but these were found in low abundance in the control group (Figure 5b).

The abundance of bacterial genera in the obese and control groups was studied. Blautia (14.29%) was
highly abundant, followed by Bacteroides (12.98%), Faecalibacterium (10.08%), Bifidobacterium (7.96%),
and Prevotella (5.04%). Some genera, such as Ruminococcus_g2 and _g4, Subdoligranulum, Roseburia,
Fusicatenibacter, Anaerostipes, and Faecalibacterium, were relatively decreased (P> 0.05), while other
genera like Streptococcus, Agathobacter, Prevotella, Bacteroides, and Bifidobacterium were relatively
increased (P> 0.05) in the obese group. Moreover, Akkermansia and Clostridium were not detected in the
obese group, while Ruminococcus_g5 and Holdemanella were detected in the obese group but not in the
control group (Figure 5c).

Bacteroides sp. 2_1_22, Flammevirga yaeyamensis, Chlamydia psittaci, Bifidobacterium breve, and
Erysipeiotrichaceae bacterium 3_1_53 was not detected in the control group, but these were considerably
abundant in the obese group. Salmonella enterica was recorded in relatively low abundance (P > 0.05) in
the obese group compared with that in the control group (Figure 6).
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Discussion

The gut microbial community has a critical role in the regulation of energy metabolism and fat storage, and
it is strongly associated with the incidence and progression of obesity [30-33]. Previous studies established
the changes in the composition and decrease in diversity of the gut microbiota in obese people and rats
[34]. The present study is the first to compare the gut bacterial community composition changes between
Saudi’s healthy and obese preschool children. In this study, the bacterial diversity in 26 normal and 17
obese children was systematically analysed using next-generation sequencing technology. The microbial
community composition was altered between the study groups.
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There is a direct relationship between the type of food and habits during eating food and obesity; the
presence of high percentage of children who depend on carbohydrates and dairy and its derivatives for
their nutrition, fast food and eating these foods in front of television maybe one of the causes of obesity in
the children under study, and this is consistent with many studies investigated the relationship between the
type of food and obesity in preschool children and childhood [35-39].

A healthy human GI tract is inhabited by six bacterial phyla: Firmicutes, Bacteroidetes, Proteobacteria,
Actinobacteria, Fusobacteria, and Verrucomicrobia [40, 41]. Firmicutes and Bacteroidetes account for >
90%. Herein, Firmicutes, Bacteroidetes, Actinobacteria, Verrucomicrobia, and Proteobacteria were
detected; among these, Firmicutes and Bacteroidetes dominated (about 90%). Different findings were
reported regarding the changes in Firmicutes and Bacteroidetes. Some studies reported that Firmicutes
increased in obese children, while Bacteroidetes was decreased [42-44], whereas the findings of other
studies showed an increase in both Firmicutes and Bacteroidetes in obese children [45]. The present study
revealed a relative decrease in Firmicutes and an increase in Bacteroidetes communities in children with
obesity compared to that in preschool children with normal weight. In a healthy gut, Bacteroidetes have a
critical role in plant polysaccharide degradation, which cannot be absorbed by the human body; it also
helps in nutrient metabolism, together with other bacteria. The Bacteroidetes community is reduced by a
long-term high-fat diet, affecting the absorption of polysaccharides and proteins, and resulting in the
development of obesity [46].

Our study revealed that Ruminococcus was reduced in obese children, similar to the findings of a
Chinese study [7]. Ruminicoccus is an important genus contained in sclerenchyma along with other bacteria;
this performs fermentation functions, degrades food fibers that cannot be digested by the human body into
absorbable short-chain fatty acids (acetic acid, propionic acid, butyric acid, and lactic acid), and increases
energy intake through intestinal absorption [47]. In this study, Bifidobacterium was found in relatively high
abundance in obese children than in normal weight children; this finding was in contrast to previous
studies in which reduced Bifidobacterium was found [48, 49]. The contrasting findings may be due to
variations in lifestyle and diet adopted by the study subjects. Some genera, particularly Streptococcus, were
found in relatively high abundance in obese preschool children. Our findings are in consistent with a
previous study conducted in China on the association of gut microbiota alteration with childhood obesity
[7]. Some studies previously confirmed that Streptococcus is closely related to Crohn’s disease (CD), and
Streptococcus is significant in the inflammatory mucosal section of patients with CD [50]. However, only a
few studies associated genera like Streptococcus with obesity; hence, further research is needed. Our
findings also support that genera like Streptococcus are associated with childhood obesity. The results
indicating an association of Akkermansia, Clostridium, Sutterella, and Ruminococc in the obese children are
in line with the results found by Reyna et al. [51]. The association of these genera after one year old was
found ether by [52-54].

In our study, numerous limitations should be considered. This is a cross-sectional study, and the casual
effects of gut microbes on obesity could not be established. The sample size was also not enough to
investigate the association of preschool children’s gut microbiota with obesity. The selected subjects also
represented the gut microbial community of a specific area. Despite our inclusion and exclusion criteria, the
results were strongly influenced by various factors of sampled individuals. In this study, the samples were
collected at a certain time, but long-term observations would be more appropriate to investigate the
changes in GI tract microbial communities.

Abbreviations
BMI: body mass index
GI: gastrointestinal

NCDs: non-communicable diseases

Explor Med. 2023;4:612-24 | https://doi.org/10.37349 /emed.2023.00164 Page 620



OTU: operational taxonomic unit

T2DM: type 2 diabetes mellitus

Declarations
Acknowledgments

The authors thank the participants in this research, their contribution in our study gave the results of this
research. Also, we like to thank the Saudi Digital Library (SDL) for access to the publications for free.

Author contributions

SMA]J: Investigation, Writing—original draft. EAA]: Conceptualization, Investigation. YAAG: Validation,
Conceptualization. AAAJ: Writing—review & editing, Supervision. All authors read and approved the
submitted version.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

The Ethics Committee of Institutional Review Board of Ministry of Health approved the study protocols
(approval number: A01436) on September 11, 2022.

Consent to participate

The informed consent to participate in the study was obtained from all participants, including parents and/
or guardians.

Consent to publication

Not applicable.

Availability of data and materials
The datasets of parents’ survey for this study can be found in the questionnaire of the health and nutritional

condition of children (https://forms.gle/47aFU3wrdA]JLzQ4B6). Data of parents’ consent statement is
available upon request.

Funding
Not applicable.

Copyright
© The Author(s) 2023.

References

1.  Deneke AT. Childhood obesity and associated problems [dissertation]. Turku (FI): Turku University of
Applied Sciences.

2. Ittakes a community to fight obesity [Internet]. Washington D.C.: the United States government; [cited
2022 Aug 14]. Available from: https://letsmove.obamawhitehouse.archives.gov/blog/2010/03/11/
it-takes-community-fight-obesity

3.  Healthy people 2020 [Internet]. Fort Collins: Centers for Disease Control and Prevention; [cited 2022
Aug 14]. Available from: https://www.cdc.gov/nchs/healthy_people/hp2020.htm

4.  Length/height-for-age [Internet]. Geneva: World Health Organization; c2023 [cited 2022 Aug 14].
Available from: https://www.who.int/tools/child-growth-standards/standards/length-height-for-age

5. Puri P, Gosemann JH, Nakamura H. Variants of hirschsprung disease. In: Puri P, editor. Pediatric
surgery: general principles and newborn surgery. Berlin: Springer; 2020. pp. 1045-58.

Explor Med. 2023;4:612-24 | https://doi.org/10.37349/emed.2023.00164 Page 621


https://forms.gle/47aFU3wrdAJLzQ4B6
https://forms.gle/47aFU3wrdAJLzQ4B6
https://letsmove.obamawhitehouse.archives.gov/blog/2010/03/11/it-takes-community-fight-obesity
https://letsmove.obamawhitehouse.archives.gov/blog/2010/03/11/it-takes-community-fight-obesity
https://www.cdc.gov/nchs/healthy_people/hp2020.htm
https://www.who.int/tools/child-growth-standards/standards/length-height-for-age

10.
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Nguyen NT, Brethauer SA, Morton JM, Ponce ], Rosenthal R], editors. The ASMBS textbook of bariatric
surgery. Berlin: Springer; 2020.

Chen X, Sun H, Jiang F, Shen Y, Li X, Hu X, et al. Alteration of the gut microbiota associated with
childhood obesity by 16S rRNA gene sequencing. Peer]. 2020;8:e8317.

Farrag NS, Cheskin L], Farag MK. A systematic review of childhood obesity in the Middle East and
North Africa (MENA) region: health impact and management. Adv Pediatr Res. 2017;4:6.

Tappia PS, Defries D. Prevalence, consequences, causes and management of obesity. In: Tappia PS,
Ramjiawan B, Dhalla NS, editors. Pathophysiology of obesity-induced health complications. Berlin:
Springer; 2020. pp. 3-22.

Bliither M. Obesity: global epidemiology and pathogenesis. Nature Rev Endocrinol. 2019;15:288-98.
Kumar S, Kelly AS. Review of childhood obesity: from epidemiology, etiology, and comorbidities to
clinical assessment and treatment. Mayo Clin Proc. 2017;92:251-65.

Engin A. The definition and prevalence of obesity and metabolic syndrome. In: Engin BA, Engin A,
editors. Obesity and lipotoxicity. Berlin: Springer; 2017. pp. 1-17.

How does obesity cause cancer? [Internet]. London: Cancer Research UK; [cited 2022 Mar 11].
Available from: https://www.cancerresearchuk.org/about-cancer/causes-of-cancer/obesity-weight-
and-cancer/does-obesity-cause-cancer

Bristow RE, Chang ], Ziogas A, Campos B, Chavez LR, Anton-Culver H. Impact of National Cancer
Institute Comprehensive Cancer Centers on ovarian cancer treatment and survival. ] Am Coll Surg.
2015;220:940-50.

Thursby E, Juge N. Introduction to the human gut microbiota. Biochem J. 2017;474:1823-36.

Wang XQ, Zhang AH, Miao JH, Sun H, Yan GL, Wu FF, et al. Gut microbiota as important modulator of
metabolism in health and disease. RSC Adv. 2018;8:42380-9.

Davis CD. The gut microbiome and its role in obesity. Nutr Today. 2016;51:167-74.

Jandhyala SM, Talukdar R, Subramanyam C, Vuyyuru H, Sasikala M, Nageshwar Reddy D. Role of the
normal gut microbiota. World ] Gastroenterol. 2015;21:8787-803.

Ramirez-Pérez O, Cruz-Ramén V, Chinchilla-L6pez P, Méndez-Sanchez N. The role of the gut
microbiota in bile acid metabolism. Ann Hepatol. 2017;16:521-6.

Hou YP, He QQ, Ouyang HM, Peng HS, Wang Q, Li ], et al. Human gut microbiota associated with
obesity in Chinese children and adolescents. Biomed Res Int. 2017;2017:7585989.

Borgo F, Verduci E, Riva A, Lassandro C, Riva E, Morace G, et al. Relative abundance in bacterial and
fungal gut microbes in obese children: a case control study. Child Obes. 2017;13:78-84.

Karlsson CL, Onnerfilt ], Xu ], Molin G, Ahrné S, Thorngren-Jerneck K. The microbiota of the gut in
preschool children with normal and excessive body weight. Obesity (Silver Spring). 2012;20:2257-61.
Defining child BMI categories [Internet]. Atlanta: Centers for Disease Control and Prevention; [cited
2022 Apr 23]. Available from: https://www.cdc.gov/obesity/childhood/defining.html

QIAGEN. DNeasy® blood & tissue handbook. Available from: http://www.bea.ki.se/documents/EN-
DNeasy%20handbook.pdf. [Last accessed on 27 Sep 2019].

Azaroual SE, Kasmi Y, Aasfar A, El Arroussi H, Zeroual Y, El Kadiri Y, et al. Investigation of bacterial
diversity using 16S rRNA sequencing and prediction of its functionalities in Moroccan phosphate mine
ecosystem. Sci Rep. 2022;12:3741.

FastQC: a quality control tool for high throughput sequence data [Internet]. Cambridge: Babraham
Institute; [cited 2020 Feb 15]. Available from: http://www.bioinformatics.babraham.ac.uk/projects/
fastqc/

Bolger AM, Lohse M, Usadel B. Trimmomatic: a flexible trimmer for Illumina sequence data.
Bioinformatics. 2014;30:2114-20.

Wood DE, Lu J, Langmead B. Improved metagenomic analysis with Kraken 2. Genome Biol.
2019;20:257.

Explor Med. 2023;4:612-24 | https://doi.org/10.37349 /emed.2023.00164 Page 622


https://www.cancerresearchuk.org/about-cancer/causes-of-cancer/obesity-weight-and-cancer/does-obesity-cause-cancer
https://www.cancerresearchuk.org/about-cancer/causes-of-cancer/obesity-weight-and-cancer/does-obesity-cause-cancer
https://www.cdc.gov/obesity/childhood/defining.html
http://www.bea.ki.se/documents/EN-DNeasy%20handbook.pdf
http://www.bea.ki.se/documents/EN-DNeasy%20handbook.pdf
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Quast C, Pruesse E, Yilmaz P, Gerken ], Schweer T, Yarza P, et al. The SILVA ribosomal RNA gene
database project: improved data processing and web-based tools. Nucleic Acids Res. 2013;41:D590-6.
Musso G, Gambino R, Cassader M. Obesity, diabetes, and gut microbiota: the hygiene hypothesis
expanded? Diabetes Care. 2010;33:2277-84.

Arumugam M, Raes ], Pelletier E, Le Paslier D, Yamada T, Mende DR, et al. Enterotypes of the human
gut microbiome. Nature. 2011;473:174-80.

Walters WA, Xu Z, Knight R. Meta-analyses of human gut microbes associated with obesity and IBD.
FEBS Lett. 2014;588:4223-33.

Collins KH, Paul HA, Reimer RA, Seerattan RA, Hart DA, Herzog W. Relationship between
inflammation, the gut microbiota, and metabolic osteoarthritis development: studies in a rat model.
Osteoarthritis Cartilage. 2015;23:1989-98.

Petriz BA, Castro AP, Almeida JA, Gomes CP, Fernandes GR, Kruger RH, et al. Exercise induction of gut
microbiota modifications in obese, non-obese and hypertensive rats. BMC Genomics. 2014;15:511.
Babio N, Becerra-Tomas N, Nishi SK, L6pez-Gonzalez L, Paz-Graniel I, Garcia-Gavilan ], et al. Total
dairy consumption in relation to overweight and obesity in children and adolescents: a systematic
review and meta-analysis. Obes Rev. 2022;23:e13400.

Modjadji P, Masilela LN, Cele L, Mathibe M, Mphekgwana PM. Evidence of concurrent stunting and
obesity among children under 2 years from socio-economically disadvantaged backgrounds in the era
of the integrated nutrition programme in South Africa. Int ] Environ Res Public Health.
2022;19:12501.

Rodriguez-Cortés F], Morales-Cané I, Rodriguez-Mufioz PM, Cappadona R, De Giorgi A, Manfredini R,
et al. Individual circadian preference, eating disorders and obesity in children and adolescents: a
dangerous liaison? A systematic review and a meta-analysis. Children (Basel). 2022;9:167.

Hinton EC, Lithander FE, Elsworth RL, Hawton K, Narayan K, Szymkowiak S, et al. Evaluating eating
behaviour, energy homeostasis, and obesity in childhood-onset craniopharyngioma: a feasibility
study. Horm Res Paediatr. 2023;[Epub ahead of print].

Key ], Burnett D, Babu JR, Geetha T. The effects of food environment on obesity in children: a
systematic review. Children (Basel). 2023;10:98.

Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L, Sargent M, et al. Diversity of the human
intestinal microbial flora. Science. 2005;308:1635-8.

Lozupone CA, Stombaugh JI, Gordon ]I, Jansson JK, Knight R. Diversity, stability and resilience of the
human gut microbiota. Nature. 2012;489:220-30.

Turnbaugh PJ, Backhed F, Fulton L, Gordon JI. Diet-induced obesity is linked to marked but reversible
alterations in the mouse distal gut microbiome. Cell Host Microbe. 2008;3:213-23.

Rahat-Rozenbloom S, Fernandes ], Gloor GB, Wolever TM. Evidence for greater production of colonic
short-chain fatty acids in overweight than lean humans. Int ] Obes (Lond). 2014;38:1525-31.

Patrone V, Vajana E, Minuti A, Callegari ML, Federico A, Loguercio C, et al. Postoperative changes in
fecal bacterial communities and fermentation products in obese patients undergoing bilio-intestinal
bypass. Front Microbiol. 2016;7:200.

Ismail NA, Ragab SH, Abd ElBaky A, Shoeib AR, Alhosary Y, Fekry D. Frequency of Firmicutes and
Bacteroidetes in gut microbiota in obese and normal weight Egyptian children and adults. Arch Med
Sci. 2011;7:501-7.

Murphy EF, Cotter PD, Healy S, Marques TM, O’sullivan O, Fouhy F, et al. Composition and energy
harvesting capacity of the gut microbiota: relationship to diet, obesity and time in mouse models. Gut.
2010;59:1635-42.

Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI. An obesity-associated gut
microbiome with increased capacity for energy harvest. Nature. 2006;444:1027-31.

Explor Med. 2023;4:612-24 | https://doi.org/10.37349 /emed.2023.00164 Page 623



48.

49.

50.

51.

52.

53.

54.

Zuo HJ, Xie ZM, Zhang WW, Li YR, Wang W, Ding XB, et al. Gut bacteria alteration in obese people and
its relationship with gene polymorphism. World ] Gastroenterol. 2011;17:1076-81.

Gao R, Zhu C, Li H, Yin M, Pan C, Huang L, et al. Dysbiosis signatures of gut microbiota along the
sequence from healthy, young patients to those with overweight and obesity. Obesity (Silver Spring).
2018;26:351-61.

Fyderek K, Strus M, Kowalska-Duplaga K, Gosiewski T, Wedrychowicz A, Jedynak-Wasowicz U, et al.
Mucosal bacterial microflora and mucus layer thickness in adolescents with inflammatory bowel
disease. World ] Gastroenterol. 2009;15:5287-94.

Reyna ME, Petersen C, Dai DL, Dai R, Becker AB, Azad MB, et al. Longitudinal body mass index
trajectories at preschool age: children with rapid growth have differential composition of the gut
microbiota in the first year of life. Int ] Obes (Lond). 2022;46:1351-8.

Alcazar M, Escribano ], Ferré N, Closa-Monasterolo R, Selma-Royo M, Feliu A, et al. Gut microbiota is
associated with metabolic health in children with obesity. Clin Nutr. 2022;41:1680-8.

Xiong ], Hu H, Xu C, Yin J, Liu M, Zhang L, et al. Development of gut microbiota along with its
metabolites of preschool children. BMC Pediatr. 2022;22:25.

Calcaterra V, Cena H, Magenes VC, Vincenti A, Comola G, Beretta A, et al. Sugar-sweetened beverages
and metabolic risk in children and adolescents with obesity: a narrative review. Nutrients.
2023;15:702.

Explor Med. 2023;4:612-24 | https://doi.org/10.37349 /emed.2023.00164 Page 624



	Abstract
	Keywords
	Introduction
	Materials and methods
	Ethical approval
	Parent survey
	Sample collection
	Calculation of body mass index
	Molecular identification of isolated bacteria
	Statistical analysis

	Results
	Eating habits and preferences
	MiSeq sequencing
	Bacterial community composition

	Discussion
	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	References

