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Abstract

Background: The correlation between gut microbiota with body mass index is controversial. This study aimed to explore the corre-
lation between gut microbiota profiles, Bacteroidetes and Firmicutes, with a body mass index in 7 - 12- year- old school aged children,
Iran.
Methods: This cross-sectional study was carried out on school-age children. A total of 188 elementary school children were selected
through cluster sampling frame. Data collection tool was the international physical activity questionnaire (IPAQ), therefore, we
checked the anthropometric characteristics. Fecal sampling was obtained from all study samples, Langround, Iran. Obese (BMI =
25.8 ± 3.40 kg/m2), normal-weight (BMI = 15.54 ± 1.19 kg/m2), and lean (BMI = 12.79 ± 1.8 kg/m2) among Langroud children aged
7 - 12 years. The total stool bacterial genomic DNA was extracted by quantitative real-time PCR (Q-PCR) to determine the colony
forming units (CFU) of Bacteroidetes and Firmicutes. Q_PCR data were analyzed by using SPSS version 19.0, and analyzed interpreted
statistical exams such as Spearman’s rank correlation coefficient and Kruskal Wallis test. Since data was not normal, P < 0.05 was
set as a significant level.
Results: Gut microbiota, Firmicutes and Bacteroidetes CFU, and so bact/firm ratio were significantly different among the three
group fecal samples (P < 0.0001, P = 0.025, P = 0.004). Bacteroidetes and bact/firm ratio had a significant difference among girls (P
= 0.037, P = 0 0013); however, there is no significant difference among boys. The results indicate that there is a significant negative
correlation between bact/firm ratio with BMI and waist circumference (r = -176, P = 0.016, r = -151, P = -0.3).
Conclusions: The amount of Bacteroidetes and so bact/firm ratio were decreased among obese children; however; Firmicutes in-
creased. It was suggested that obesity in children might be associated with the imbalance of gut microbes.
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1. Background

Obesity is defined physiologically as an increase in
body fat due to the positive energy balance in the long-
term (1). Having an overweight childhood has an epidemic
proportion in most developed and developingcountries (2,
3). According to the WHO report (4), more than 155 million
children are overweight and obese, of which 42 million are
children under the age of five (5).

Obesity is one of the most critical nutritional disorders
among Iranian children and adolescents (6). The WHO re-
ported that Iran is one of the seven countries with the high-
est prevalence of childhood obesity (7).

The ability for obesity depends on the interplay be-
tween genetic and environmental factors (8-11).

Therefore, determining and identifying the variables
that can be used to reduce obesity is very important (12).
Studies have shown that intestinal microbiota, as a link be-
tween the gene and environment play an essential role in
metabolic regulation, digestion, and food intake (13-15).

The composition of the gut microbiota depends on the
age, gender, geographical environment, race, family, and
dietand can be changed with probiotics and antibiotics in-
take (14, 16, 17).

The most abundant bacterial strains in humans and
mice are Firmicutes (60% - 80%) and Bacteroidetes (20% -
40%), which are anaerobic chains (14, 18).

Animal studies indicate an increase in the number of
Firmicutes and a reduction in Bacteroidetes in obese sam-
ples compared to lean and normal mice (14, 19-21).

A recent study suggests that despite the fact there is
the link between the intestinal microbiota and obesity, in
many animal and laboratory models, human studies have
shown controversial results; thus, some of the findings
supported a higher proportion of firm/bact in obese sub-
jects (22-24), and many studies did not find a meaningful
relationship between firm/bact with BMI (25, 26).

Copyright © 2018, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited

www.SID.ir

http://ircmj.com
http://dx.doi.org/10.5812/ircmj.58049
https://crossmark.crossref.org/dialog/?doi=10.5812/ircmj.58049&domain=pdf
WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

Mousavi SH et al.

2. Objectives

In order to provide an appropriate way to reduce
the prevalence of obesity in children, further studies are
needed in more limited populations of age, sex, race, di-
etary habits, and lifestyle. Guilan is located in the north of
Iran and is the second provenance with the highest preva-
lence of childhood obesity; this is the first study aimed to
determine the relationship between gut microbiota with
BMI among school-age children in Langroud city, Iran.

3. Methods

3.1. The Participants and the Study Design

This cross-sectional study was carried out in Langroud
city, Gilan, Iran. From December 2015 to February 2015.

A total of 188 school age children (ages 7 - 12 years) were
selected through cluster framework sampling method.

The inclusion criteria were students with age between
7 to 12 years, and willing to participate in the study. The
exclusion criteria included individuals who received an-
tibiotics at least two weeks before fecal collection, severe
stresses tolerance that could affect the microbiota, trauma,
and severe infection, as well as gastrointestinal problems
such as abdominal pain, diarrhea, and constipation.

6360 students that were distributed among 570
classes, were included. Through the cluster sampling
method 17 classes were chosen randomly, and 188 fecal
samples were analyzed.

Informed consent was obtained from the parents, this
study was approved by the ethics committee of Tabriz Uni-
versity of Medical Sciences (TBZMED.REC.1394.1095).

3.2. Measurements and Sample Collection

Data collection tools were two researchers made ques-
tionnaires regarding demographic variables and the short
form of the international physical activity questionnaire
(IPAQ). In the demographic questionnaire, all variables
such as age, sex, weight (kg), height (m), BMI (kg/m2) and
waist circumference (cm) were asked. The students’ body
mass index (BMI) were calculated. The principles to be
obese, normal, and lean were WHO (2007) classification
growth reference /BMI for ages 5 - 19 (27), which is exact for
age and gender.

IPAQ short form is the international physical activity
questionnaire with seven questions to determine the mea-
surement properties of these questionnaires. A reliability
and validity study was carried out in 14 centers in 12 coun-
tries during 2000 (28). The short form of the international
physical activity questionnaire (IPAQ) assesses physical ac-
tivity in the student. The questionnaire encompasses three

specific types of activity (moderate-intensity, walking, and
vigorous-intensity activity). Data obtained from the first
self-administered and scored IPAQ were applied for gener-
ating a metabolic equivalent total score (METs), considered
by adding MET-min/week for all activities completed. This
questionnaire has been used in many studies (29, 30). All
data collection was done by one researcher.

Stool samples were collected in sterile boxes, which
were delivered to each deliberate students’ parents; all fe-
cal samples were received less than two hours after defeca-
tion in the early morning and immediately stored at -70°C
for further preparation.

3.3. Real-Time PCR

Whole DNA was extracted from the isolated bacteria
of gut fecal samples using the QIAamp DNA Stool Mini Kit
(Senso Quest Lab Cycler, Germany) and then stowed at -
20°C until subsequent use in Q-PCR. Genomic DNA was ex-
tracted from E. coli and L. plantarum. The next serial dilu-
tions of the primitive solution were utilized to make the
standard curve: 50 ng, 5 ng, 0.5 ng, 0.05 ng, and 0.005ng.
The standard curves were obtained using the IQ-5 Q-PCR
noticing system (Bio-rad, USA).

To control the absolute amount of Firmicutes and
Bacteroidetes in the gut flora, textbooks (Bioneer)
for the traditional order of the 16S r RNA genes of
both groups of bacteria were intended. For Firmi-
cutes, using a primer was with the flowing sequence:
rFerF: 5’-TCCTACGGGAGGCAGCAGTAG-3’and rFerR: 5’-
TACGTATTACCGCGGCTGCTG-3’ and for Bacteroidetes
prime (was: Bac296F: 5’-GAGAGGAAGGTCCCCCAC-3’ All-
Bac412R: 5’-CTACTTGGCTGGTTCAG-3’. Q-PCR reactions were
denatured at 95°C for 10 minutes and followed by 45 cycles
of 95°C for 15 seconds and 62°C for Firmicutes and 60°C
Bacteroidetes for 40 seconds, and 72°C for 25 seconds.
(ABI biosystem, England; kbp, Ferments, France; Bio-rad,
USA). Specificity of the PCR reaction was confirmed by the
melting curve, and the copy number of the bacterial gene
was calculated using Ct value and the standard curve. Data
were presented as the logarithm of copy number (xlgx ±
slgx), and the ratio of Bacteroidetes to Firmicutes (bact
/firm) was calculated. All PCR tests were performed in one
laboratory by one person (Table 1).

3.4. Statistical Analysis of the Studies

After the Kolmogorov-Smirnov test, all normal dis-
tributive variables were examined by t-test. For compari-
son of means, the one-way ANOVA test, and for non-normal
distributive variables some exams such as Kruskal Wallis
test, the Mann-Whitney U test, and Chi-square test were
used for qualitative variables.

2 Iran Red Crescent Med J. 2018; 20(4):e58049.
www.SID.ir

http://ircmj.com
WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

Mousavi SH et al.

Table 1. Sequences of Primers

Primer Sequence Size of Products (bp) Annealing Tm (°C) Ref

Firmicutes
rFerF:5’-TCCTACGGGAGGCAGCAGTAG-3’

200 62 This research
rFerR: 5’-TACGTATTACCGCGGCTGCTG-3’

Bacteroides
AllBac296F:5’-GAGAGGAAGGTCCCCCAC-3’

106 60 Layton 2006
AllBac412R: 5’-GCTACTTGGCTGGTTCAG-3’

Furthermore, Spearman’s rank correlation coefficient
was used to identify the correlation of Bacteroidetes to Fir-
micutes ratio with BMI, MET (min/w), and WC (wrist cir-
cumference). P-values < 0.05 were considered as signifi-
cant level. Statistical analyses were done using SPSS 19.0
statistical software (SPSS Inc., Chicago, IL, USA).

4. Results

A total of 188 subjects (90 boys and 98 girls) with a
mean age of 9.58± 1.43 were registered for evaluation. Sub-
jects were divided into the three groups; obese, normal
weight, and lean based upon their BMI. Demographic data
(age, sex, BMI, WC, MET) were shown in Table 2.

Among the groups, there were significant differences
in BMI, WC, and Age (P < 0.05).

4.1. The Q-PCR and Analysis of Molecular Data

Significant difference in Firmicutes CFU, Bacteroidetes,
and bact/firm ratio (P < 0.0001, P = .025, and P = .004)
among the collections were recognized respectively (Table
3). Gender differences were experiential in Bacteroidetes
CFU, Firmicutes CFU, and bact/firm in groups (lean, nor-
mal weight, and obese). We showed that there was a sig-
nificant difference in Bacteroidetes CFU, Firmicutes CFU,
and bact/firm ratio in the girls of all groups (P = 0.002, P =
0.037, and P = 0.013). There was also a significant difference
in Firmicutes CFU (P = 0.0002) in the boys of all groups,
however, for Bacteroidetes and bact/firm ratio, there was
no significant difference. We reported that Firmicutes CFU
in both lean and obese boys (P = 0.0001, P = 0.011) and
girls (P = 0.005, P = 0.002) was higher than that in nor-
mal cases. Results showed that bact/firm ratio in normal
girls (P = 0.004) was significantly higher than that of obese
girls, however, this difference was not significant in boys.
Additionally, the Bacteroidetes CFU (P = 0.005) in lean girls
was significantly higher than that of obese girls, however,
it was not significant in other groups (Table 3).

Results indicate that there is a significant negative cor-
relation between bact/firm ratio with BMI and waist cir-
cumference (r = -176, P = 0.016, r = -151, P = 0.03). However,
the results for other indicators such as age, sex, and physi-
cal activity (31) were not significant (Table 4).

5. Discussion

This study aimed to assess the likely difference of the
gut microbiota; Bacteroidetes and Firmicutes, in obese,
normal weight, and lean among students in Langroud el-
ementary schools age children. Results showed that the
number of Bacteroidetes was apparently lower in obese
children than those in lean one. Bact/firm ratio was no-
tably lower in obese children than that in normal weight
children, which is in concordance with those reported by
Xu et al. (11), Turnbaugh et al. (13), Ley et al. (17), Li et
al. (32), Borgo et al. (33), Kasai et al. (34) and Riva et al.
(35). However, many studies have shown contradictory re-
sults, for example, Duncan et al. (24), showed that the CFU
of Bacteroidetes in obese kid subjects were higher com-
pared with those in normal weight, and the quantity of
Bacteroidetes continued to remain unchanged in the next
control diet in fat contributors (24). Also Ochoa-Acosta et
al. (36), showed no significant differences in the structure
and status of microbiota among lean and obese Mexican
women. In addition, the results showed that there was
a negative correlation between bact/firm ratios with BMI.
This finding was also indicated by Ley et al. (17), Xu et al.
(11), and Ignacio et al. (37). Jumpertz et al. (38), showed that
the reduced Bacteroidetes and increased Firmicutes were
correlated with obesity.

Langroud people are relatively an isolated minority in
Iran and have similarities in the living environment and
diet, which would probably minimalize the change in gut
microbiota among students.

The current study also showed that the differences in
the number of Bacteroidetes were experiential between
obese and lean girls; however, not among boys. This is dis-
similar to what has been stated by Mueller et al. (39), who
reported a higher Bacteroidetes population in male than
in the female, a result that may be clarified by the age and
geographical area differences between these two studies.

We reported that differences in Firmicutes CFU in both
obese boys and girlswere greater than that in normal cases,
however, it was not significant in lean and obese boys and
girls. This finding is different from that reported by Xu et
al. (11), who reported that there was no significant differ-
ence between the number of Firmicutes in obese, normal
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Table 2. Demographic Information, Characteristics, and Microbiota Data of the Subjects Separated by Groupa , b , c

Variation Lean (1) Normal (2) Obese (3) Total P (1,2,3) P (1, 2) P (1, 3) P (2, 3)

Age (y) 9.31 ± 1.46 9.26 ± 1.29 10.14 ± 1.39 9.58 ± 1.43 > 0.0001d 0.952 0.002d 0.0001d

Boy 31.0 (51.7) 29.0 (46.0) 30.0 (46.2) 90.0 (47.9) 0.775 - - -

Girl 29.0 (48.3) 34.0 (54.0) 35.0 (53.8) 98.0 (52.1)

WC (cm) 54.9 ± 3.0 59.5 ± 4.6 78.1 ± 9.3 64.5 ± 11.9 > 0.0001 0.0001d 0.0001d 0.0001d

BMI (kg/m2) 12.79 ± .81 15.54 ± 1.19 25.80 ± 3.40 18.21 ± 6.04 > 0.0001d 0.0001d 0.0001d 0.0001d

Abbreviations: BMI, body mass index; WC, wrist circumference.
a (N = 188) data were presented as mean ± SD for normal data and No. (%) for categories.
b Differences among two groups were compared using t-test for normal data and Chi-square for qualitative variables.
c Differences among three groups were compared using ANOVA because the data was not normal.
d P < 0.05, indicates significant differences among groups.

Table 3. Univariate Analysis of the Differences Between Bacteroidetes and Firmicutes with BMI Levels by Gendera

Lean (1) (n = 60) Normal (2) (n = 63) Obese (3) (n = 65) Total (n = 188) P (1, 2, 3) P (1, 2) P (1, 3) P (2, 3)

Boy

Firmicutes (mean
CT)

18.46 (17.23 - 23.43) 15.54 (14.54 - 18.54) 18.84 (15.61-24.39) 17.54 (15.48 - 22.21) 0.002b 0.0001 0.708 0.011

Bacteroidetes
(mean CT)

23.02 (17.74 - 29.19) 19.22 (16.75 - 24.42) 18.90 (15.43 - 26.16) 20.02 (16.55 - 26.61) 0.260 0.149 0.168 0.844

Bact/firm 1.08 (0.83 - 1.56) 1.21 (1.01 - 1.58) 0.97 (0.83 - 1.36) 1.09 (0.87 - 1.54) 0.248 0.387 0.471 0.087

Girl

Firmicutes (mean
CT)

19.54 (18.33 - 27.43) 16.88 (15.22 - 20.53) 21.51 (17.42 - 27.34) 19.10 (16.14 - 24.32) 0.002b 0.005 0.925 0.002

Bacteroidetes
(mean CT)

25.04 (19.66 - 28.13) 20.31 (17.01 - 27.92) 20.19 (17.17 - 22.41) 20.80 (17.18 - 27.03) 0.037b 0.341 0.005b 0.240

Bact/firm 1.18 (0.83 - 1.57) 1.20 (0.89 - 1.65) 0.90 (0.73 - 1.14) 1.04 (0.83 - 1.51) 0.013b 0.356 0.074 0.004

Total

Firmicutes (mean
CT)

19.09 (17.34 - 25.93) 16.11 (14.65 - 19.32) 19.53 (17.24 - 25.43) 18.50 (15.58 - 23.29) < 0.0001b 0.0001b 0.974 0.0001

Bacteroidetes
(mean CT)

24.95 (18.10 - 28.18) 19.94 (16.75 - 26.54) 20.15 (16.61 - 24.81) 20.33 (16.85 - 26.82) 0.025b 0.92 0.006b 0.391

Bact/firm 1.12 (0.83 - 1.56 1.21 (0.93 - 1.60) 0.93 (0.78 - 1.27) 1.07 (0.84 - 1.51) 0.004b 0.220 0.058 0.0001

a Data were presented as median (percentile 25-percentile 75); Differences among three groups were compared using Kruskal-Wallis test and between two groups were
compared using the Mann–Whitney U test because data were not normally distributed.
b P < 0.05, indicates significant differences among groups.

weight, and lean girls and boys.

More studies with more sample sizes are needed to ex-
plain the precise character of gut microbiota in the patho-
genesis of fatness as well as the effect of gender on micro-
biota balances. Though fitness is strongly related to the
variations in the balance as well as the function of gut mi-
crobiota, the mechanism behind this alteration is left over
to be clarified. The effect of human microbiota on energy
reaping and metabolism has been stated as pathways to
clarify their possible relationship with obesity (14). Oth-
erwise, disrupted gut microbiota may change the contact
with obesogenic and diabetogenic environmental chemi-
cals (40).

The current study has some limitations. Considering
the potential impact of lifestyle on the gut microbiota, it
is necessary to make a separated study of the city and the
village in the future. Additionally two main phyla of bac-
teria, Bacteroidetes and Firmicutes, were measured in the
feces of Langroud school- age children; however, definite
species were not isolated, and each of these phyla contains
hundreds or thousands of species with changed metabolic
properties; all these organisms can affect the metabolism
of food and host physiology. Therefore, the study of some
bacteria, specifically probiotics, Bifidobacteria, Lactobacil-
lus, Clostridium, and so on. is essential for the possible pro-
biotic therapy of children in the risk of fatness. Finally, the
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Table 4. Partial Correlation Coefficients (r) for the Association Between Demographic Information, Characteristics, and of the and Features of the Bact/Firm Subjects Separated
by Group (N = 188)a

Bact/Firm

r P-Value 95% Confidence Interval

Lower Upper

Age (y) 0.111 0.128 -0.242 0.03

Gender -0.048 0.511 -0.202 0.101

BMI (kg/m2) -0.151b 0.039 -0.288 0.000

WC (cm) -0.176b 0.016 -0.303 -0.033

Physical activity (METs) 0.129 0.77 -0.017 0.262

Abbreviations: BMI, body mass index; WC, waist circumference.
a Spearman analysis was used to investigate the relationship between the ratio of bact/firm with individual characteristics (gender, age, waist circumference, BMI, and
physical activity) because the data were not normal.
b Correlation is significant at the 0.05 level (2-tailed).

mechanism of gut microbiota on BMI was not evaluated
in this study. It is necessary to be considered in the future
studies.

5.1. Conclusions

This survey revealed a significant decline in the num-
ber of Bacteroidetes and bact/firm ratio and an increase in
the number of Firmicutes in the feces of the obese in com-
parison with normal weight children. Additionally, the
number of Bacteroidetes in obese girls was significantly
lower than that in lean girls, however, it was not significant
in other groups.

According to the fact that being overweight during
childhood is an epidemic problem in most developed and
developing countries and the result showed that there is a
negative correlation between bact/firm with BMI. Further
studies on the optimal composition of intestinal micro-
biota and its ways of maintaining balance can be an essen-
tial factor in maintaining health and preventing obesity.
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