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The gut dysbiosis has been observed in gestational diabetes mellitus (GDM). However, changes 
in bacterial population are different among various countries due to genetic, environmental, and 
dietary differences. We compared the gut dominant phylum and some genus in GDM versus normo-
glycemic pregnant in Iranian population, considering dietary intake. In this case-control study, 50 
women diagnosed with GDM and 50 healthy pregnant, aged 18–35 yrs, during spring and summer, 
were participated. GDM was diagnosed based on the International Association of Diabetes and 
Pregnancy Groups criteria. The bacterial populations were determined based on 16SrRNA gene 
expression. Actinomycetota (p = 0.02), and Bifidobacterium spp. (p = 0.001) was significantly higher 
in the gut of healthy mothers than the GDM. However, bacteroides was significantly higher in the 
gut of GDM mothers than the healthies (p = 0.02). Daily calorie intake showed a negative correlation 
with population of Bacteroidota (p = 0.04) and Actinomycetota (p = 0.009), but dietary carbohydrate 
and fat showed a positive correlation. Increase in dietary intake of mono- and poly-unsaturated fatty 
acids (MUFAs and PUFAs) was associated with higher Bacteroidota in the gut (p = 0.02 and p = 0.04). 
However, dietary cholesterol showed a negative correlation with population of Bacteroidota and 
Bifidobacterium spp. (p = 0.003 and p = 0.02). GDM was correlated with the gut dysbiosis. Daily calorie 
and cholesterol intake was positively associated with dysbiosis. However total intake of carbohydrates, 
MUFAs and PUFAs showed a protective effect. 
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Gestational diabetes mellitus (GDM), as a complex metabolic disorder, occurs during the second half of 
pregnancy, with an alarming increase throughout the world1. Due to the maternal and fetal side effects, this 
disorder is considered one of the most important problems during pregnancy2. Recently, the role of gut dysbiosis 
has been suggested in pathogenesis of GDM3. The gut-liver axis plays a major role in the pathophysiologic and 
therapeutic aspects of metabolic diseases. Role of the gut in hormone production involved in macronutrient 
metabolism makes this organ more prominent to study about novel diagnostic or prognostic markers4. The gut 
microbiota can use undigested carbohydrates, especially fibers, and produce short-chain fatty acids (SFCAs) 
which play key roles in human metabolism. Previously, it is reported that SFCA improves insulin sensitivity 
and dyslipidemia, prevents weight gain, and increases energy expenditure in diet-induced obesity5. The human 
gut bacteria are classified into phyla, classes, orders, families, genera, and species6. The dominant gut microbial 
phyla are Firmicutes, Bacteroidota, Actinomycetota, and Proteobacteria which include more than 95% of the gut 
bacterial population which varies in a person at different stages of life in response to the lifestyle, environmental, 
and clinical conditions7,8. Increasing evidence proposed the critical role of gut microbiota on glucose homeostasis 
and insulin resistance9. The underlying mechanisms are related to the low-grade endotoxemia that lead to 
destruction of the gut barrier, imbalance in the production of SCFAs, and disruption in bile acid metabolism9–12. 
Our recent cohort study on Iranian population showed that a higher Bacteroidota and Actinomycetota population 
in the gut of mothers at the first trimester of pregnancy was associated with lower risk of GDM in the screening 
time. Higher Firmicutes to Bacteroidota ratio in the gut of mothers was associated with fasting and 1-h glucose 
intolerance13. Dietary composition, especially daily intake of calorie and macronutrients, directly effect on the 
gut population of bacteria14 which justify the various results have been shown in previous studies due to the 
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differences in eating habits. Herein, we assessed the dominant gut phylum in mothers with GDM at 24–28 weeks 
of pregnancy compared to the normo-glycemic mothers, considering anthropometric measures, and dietary 
intake in Zanjan city, as a mountainous area in Iran.

Materials and methods
The present study ethically approved by the ethic committee of Islamic Azad University, Zanjan Branch, under 
the code of IR.IAU.Z.REC.1401.067. All methods were performed in accordance with the Helsinki guidelines 
for human studies. Sampling was performed during spring and summer to omit the potential effects of seasonal 
alterations on the gut microbiota.

Inclusion and exclusion criteria
In the present case-control study, one-hundred women aged 18–35 years, at 24–28 weeks of pregnancy, living 
in Zanjan city were participated. Cluster sampling was used based on the geographical distribution and with 
the aim to cover all areas of the city. Participants were included in the study after obtaining oral and written 
informed consent.

In case of unwillingness to participate in the study, consumption of probiotic, prebiotic, symbiotic and 
antibiotics at present or at least during the past two months, suffering from liver, kidney, heart, immune system, 
chronic gastrointestinal diseases, diabetes type 1 or 2, cancer, hypothyroidism, and malabsorptive disorders such 
as celiac disease, inflammatory bowel diseases were not included. Pregnant women with a previous history of 
GDM were excluded.

Pregnant women who were athlete were not included. All of the participants with mild physical activity up 
to 3 MET (milliliters of oxygen consumed per kilogram (kg) of body weight) per minute including sleeping, 
watching TV, writing, desk work, typing, walking up to 4 km/h were included.

Diagnosis of GDM
Based on the results of oral glucose tolerance test (OGTT), participants were categorized into the GDM or 
normal group. The diagnosis of GDM was made if there was at least one abnormal value (≥ 92, 180 and 153 mg/
dl for fasting, one-hour and two-hour plasma glucose concentration respectively), after a 75 g dextrose15. In 
total, 50 women with GDM and 50 normo-glycemic healthy pregnant women were included.

Stool samples were gathered and immediately transferred to a −80 °C refrigerator for final analysis.

Demographic, dietary and anthropometric assessment
The demographic and anthropometric measures of the participants including education, age, height, pre-
pregnancy weight, current weight at the time of sampling, and the number of delivery were recorded. Weight 
was measured using a calibrated scale (Seca, Germany), with minimal clothing and without shoes. Height was 
recorded using an inflexible meter (Seca, Germany), without shoes in a standing state, look forward. Then the 
body mass index (BMI) was calculated by dividing the weight (kilograms) by the square of the height (in meters). 
A validated food frequency questionnaire (FFQ)16 was completed for all participants who are validated by three-
day food diary (two regular days, and one holiday).

DNA extraction and polymerase chain reaction
In the pre-treatment step, the samples were centrifuged at 8000 rpm for 5 min and the supernatant was gathered. 
Then, 100 µl of supernatant was mixed with 250 µl of phosphate- buffered saline (PBS). After adding 40 µl of 
proteinase K, the mixture was kept at 55 °C for 24 h. The suspension was kept at 95 °C for 15 min in a greenhouse 
to inactivate the proteinase K. Again, samples were centrifuged at 8000 rpm for 5 min, and DNA was extracted 
using the Roche kit (NBST, Iran), after supernatant depletion. At a sterile micro tube, 200 µl of PBS and 15 µl of 
lysozyme were added to the sediment, vortexed and incubated at 37 °C for 15 min. Then, 200 µl of tissue lysis 
buffer and 40 µl of proteinase K were added, vortexed immediately and kept in 70 °C for 15 min. Isopropanol 
(100 µl) was added, and micro tube was centrifuged at 8000 rpm for 1 min. The sediment liquid was removed 
after adding 500 µl of removal, washing buffer, and centrifuged at 8000 rpm for 1 min. Finally, an elution buffer 
was added and centrifuged at 8000 rpm for 1  min to extract DNA. DNA quality was examined by running 
a small amount on the agarose gel and concentration of the extracted DNA was determined by a Nanodrop 
2000c spectrophotometer (Thermo Scientific, USA). The extracted DNA was kept in −20 °C refrigerator to final 
analysis. DNA amplification of 16SrRNA gene was done by quantitative polymerase chain reaction (qPCR) 
method using universal bacterial primers (Table 1). The reactions were performed using the SYBR green Master 
Mix High ROX (Amplicon, Denmark), in duplicated runs using positive (16SrRNA) and negative (purified 
water free of DNA and RNA) controls to increase the accuracy and reliability of the results. To prove the absence 
of DNA contamination, one well was considered as template for each reaction mixture which had no sample 
(NTC). The NTC without any product was considered as free of DNA contamination. Finally, the quantitative 
values were determined through the ABI StepOne sequence detection system (Applied Biosystems, California, 
USA).

Primers were designed based on the previous published articles. After preparation, their quality was checked. 
The desired length, Tm temperature, the percentages of GC base, and absence of any mutation in the designed 
primers were checked. Moreover, self-dimer, Homo-dimer and hairpin were checked in the primers. These 
primers were verified in the primer-BLAST database of the National Center for Biotechnology Information 
(NCBI).

In each reaction, 20 µL micro tubes containing 10 µL of SYBR Green Master Mix, 4 µL of DNA template, and 
0.5 µL of each forward and reverse primer were used. 5 µL purified water free of DNA and RNA was added. As 
described previously, a positive and negative control was used for each reaction.
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The cycle threshold (CT) values were normalized against 16SrRNA as a positive control. The initial 
denaturation included one cycle: 95 °C for 10 min. The amplification profile included 40 three-step cycles 
including denaturation, annealing and extension steps: 95 °C for 30 s, 60 °C for 30 s and 72 °C for 30 s. The final 
extension was provided in one cycle: 72 °C for 30 s. The results were generated and analyzed using the 2^−∆∆Ct 
method in which ∆∆CT was computed as follows:

	 ∆∆CT = (CTbacteria − CT16SrRNA)time x − (CTbacterial − CT16SrRNA)time 0

Sample size and statistical analysis
To determine differences between the gut Firmicutes to Bacteroidota ratio between mothers with GDM vs. 
healthy-one, the study of Chen et al.17, was used. Considering the power of 80% and 95% confidence level, fifty 
participants were counted. All samples were gathered in the spring and summer to omit the potential effects 
of seasonal alterations on the gut bacterial population. Dietary information was inserted to the N4 software 
(Nutritionist 4, USA). Dietary intake converted to grams per day and data transferred to SPSS software, version 
18. The Kolmogorov Smirnoff test was used to assess the distribution form of data. In normal distributed data, an 
independent sample t-test was used to determine differences between the two groups. However, non-parametric 
tests were used for non-normal distributed data (quantitative values for phylum and species). Qualitative 
variables were compared by the chi2 square test. A mixed regression model was used to determine the effect of 
each parameter on the bacterial population.

Results
Demographic and baseline data of participants have been shown in Table 2. As shown, fasting, 1 h- and 2 h- 
plasma glucose were significantly higher in the GDM group (p < 0.001). GDM patients were older than the 
healthy mothers (p = 0.004). Moreover, pre-pregnancy BMI was significantly higher in the GDM than the 
healthy mothers (p = 0.005).

Dietary intake has been compared between the groups. As shown, there was no significant difference on daily 
calorie and macronutrient intake between the GDM and healthy groups (Table 3).

The gut dominant phyla have been compared between the two groups. As shown in Table 4, there was no 
significant difference about the population of Bacteroidota and Firmicutes between the two groups. However, 
the Actinomycetota population was significantly higher in the healthy mothers than the GDM (p = 0.02). In 
the species level, Bacteroides population were higher in the gut of GDM than the healthy group (p = 0.02). In 
addition, population of Bifidobacterium spp. were significantly higher in the gut of healthy mothers than the 
GDM (p = 0.001).

To determine the correlation between the baseline and dietary factors with the gut phyla and some species, a 
linear mixed regression model was used. Higher calorie intake was correlated with lower Bacteroidota population 
(OR= −7.3, p = 0.04). However higher carbohydrate intake was correlated with higher population of Bacteroidota 
in the gut (OR = 4.55, p = 0.004). Dietary fat intake showed a positive correlation with the Bacteroidota population 
(p = 0.03). Dietary MUFA and PUFA were correlated with 1.04- and 0.5-folds higher Bacteroidota population, 
respectively (p = 0.02 and p = 0.04). Dietary cholesterol showed a negative correlation with the Bacteroidota 
population (OR= −0.62, p = 0.003) (Table 5). None of the assessed parameters showed a significant correlation 

Target phylum/genus Primer sequence (5 − 3) Amplicon size (bp)
Annealing
Temperature (ºc)

Firmicutes
F GGAGYATGTGGTTTAATTCGAAGCA

126 60
R ​A​G​C​T​G​A​C​G​A​C​A​A​C​C​A​T​G​C​A​C

Bacteroidota
F GGARCATGTGGTTTAATTCGATGAT

126 60
R ​A​G​C​T​G​A​C​G​A​C​A​A​C​C​A​T​G​C​A​G

Actinomycetota
F ​T​A​C​G​G​C​C​G​C​A​A​G​G​C​T​A

300 60
R TARTCCCCACCTTCCTCCG

Proteobacteria
F ​C​A​T​G​A​C​G​T​T​A​C​C​C​G​C​A​G​A​A​G​A​A

240 63
R ​C​T​C​T​A​C​G​A​G​A​C​T​C​A​A​G​C​T​T​G​C

Bifidobacterium spp.
F TCGCGTCYGGTGTGAAAG

243 60
R CCACATCCAGCRTCCAC

Bacteroides
F ​G​A​G​A​G​G​A​A​G​G​T​C​C​C​C​C​A​C

106 60
R ​C​G​C​T​A​C​T​T​G​G​C​T​G​G​T​T​C​A​G

E.coli
F ​A​G​A​A​G​C​T​T​G​C​T​C​T​T​T​G​C​T​G​A

120 57
R ​C​T​T​T​G​G​T​C​T​T​G​C​G​A​C​G​T​T​A​T

Clostridium IV group
F ​G​C​A​C​A​A​G​C​A​G​T​G​G​A​G​T

230 60
R ​C​T​T​C​C​T​C​C​G​T​T​T​T​G​T​C​A​A

16SrRNA
F AAACTCAAAKGAATTGACGG

180 60
R CTCACRRCACGAGCTGAC

Table 1.  Primer sequence for the studied phylum and genus.
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Variables groups
GDM (n = 50)
Means ± SE

Healthy (n = 50)
Means ± SE p value†

Bacteroidota 4.73 ± 0.58 5.1 ± 0.64 0.68

Firmicutes 2.28 ± 0.38 2.54 ± 0.43 0.65

Actinomycetota 1.61 ± 0.24 2.1 ± 0.29 0.02

Proteobacteria 4.31 ± 1.64 7.57 ± 1.6 0.16

E.coli 2.84 ± 0.59 2.2 ± 0.32 0.35

Clostridium IV group 1.85 ± 0.46 2.66 ± 0.58 0.28

Bacteroides 4.4 ± 0.48 2.87 ± 0.43 0.02

Bifidobacterium 1.7 ± 0.34 4.05 ± 0.71 0.001

Table 4.  Relative abundance of the gut bacterial phyla and some species in the studied groups. †Assessed by 
Mann−Whitney test; Bold values are significant.

 

Variables groups
GDM (n = 50)
Means ± SE

Healthy (n = 50)
Means ± SE p value†

Energy, kcal/day 2960.8 ± 194.6 3127.5 ± 161.3 0.53

Carbohydrates, g/day 431.9 ± 31.5 445.9 ± 26.8 0.75

Protein, g/day 104.7 ± 8.2 107.5 ± 5.5 0.77

Fiber, g/day 64.6 ± 6.9 70.6 ± 5.01 0.49

Fat, g/day 97.3 ± 6.9 110.2 ± 6.9 0.24

SFAs, g/day 29.3 ± 2.2 31 ± 1.8 0.59

Trans-FAs, g/day 0.09 ± 0.001 0.12 ± 0.01 0.48

MUFAs, g/day 32.4 ± 1.9 31.3 ± 1.6 0.65

PUFAs, g/day 20.1 ± 1.4 20.7 ± 1.3 0.8

Cholesterol, mg/day 264.7 ± 21.3 290.8 ± 17.3 0.39

Table 3.  Dietary intake of pregnant mothers in the two studied groups. †Assessed by independent sample t−
test; SFA: saturated fatty acids; FAs: fatty acids; MUFA: mono−unsaturated fatty acids; PUFA: poly−unsaturated 
fatty acids.

 

Variables groups
GDM (n = 50)
Means ± SE

Healthy (n = 50)
Means ± SE p value†

Age, yrs. 34.2 ± 0.9 29.9 ± 0.9 0.004

Weight, kg 76.4 ± 1.3 73.4 ± 1.2 0.14

Pre-pregnancy weight, kg 70.3 ± 1.6 67.8 ± 1.2 0.22

Weight gain, kg 6.1 ± 0.9 5.6 ± 0.5 0.62

Pre-pregnancy BMI, kg/m2 26.7 ± 0.6 24.7 ± 0.4 0.005

Fasting plasma glucose, mg/dl 99.2 ± 2.7 82.1 ± 0.9 < 0.001

1 h-plasma glucose 191.1 ± 5.4 131.4 ± 3.7 < 0.001

2 h-plasma glucose 156.6 ± 7.3 112.2 ± 3.2 < 0.001

Education

Under diploma, n (%) 5 (10) 8 (15)

0.71Diploma, n (%) 10 (20) 9 (17.5)

University, n (%) 35 (70) 33 (67.5)

Number of delivery

1 st, n (%) 15 (30%) 30 (60%)

0.132nd, n (%) 30 (60%) 13 (25%)

3rd, n (%) 5 (10%) 7 (15%)

Table 2.  Demographic and baseline characteristics of participants in the two studied groups. †Assessed by 
independent sample t−test for quantitative and chi−square test for qualitative parameters. Bold values are 
significant.
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with the gut Firmicutes population (Table 6). Participant’s age and education showed a significant correlation with 
the Actinomycetota population (p = 0.01 and p = 0.02, respectively). Increase in daily calorie intake was correlated 
with lower Actinomycetota population in the gut (OR = 9.9, p = 0.009). Higher dietary carbohydrate intake was 
correlated with higher Actinomycetota population (OR = 5.9, p = 0.01). Dietary fat showed a significant positive 
correlation with Actinomycetota population in the gut (p = 0.001) (Table  7). Only, current weight showed a 
significant association with the Proteobacteria population (p = 0.04) (Table 8). The correlation of each parameter 
was assessed on some of species belonging to the assessed phyla. Serum 2 h-PG (OR = 0.42, 95%CI: 0.001, 0.06, 
p = 0.04), and maternal education (OR= −0.39, 95%CI: −2.3, −0.15, p = 0.02) showed a significant correlation 
with E.coli population. Moreover, dietary cholesterol showed a negative correlation with Bifidobacterium spp. 
population (OR=−0.5, 95%CI: −0.04, −0.003, p = 0.02). None of the assessed parameters showed any significant 
correlation with the population of Clostridium IV and Bacteroides in the gut.

Discussion
In the present study, a novel gut dysbiosis was observed in pregnant mothers with GDM in the second trimester 
versus healthy-one. At the phyla level, Actinomycetota population was significantly higher in the gut of healthy 
mothers than the GDM. At the genus level, Bacteroides was significantly higher in the gut of GDM mothers 
than the healthy-one. However, Bifidobacterium spp., as a beneficial gut flora was significantly lower in the gut 
of mothers with GDM compared with healthies. Daily calorie intake showed a negative correlation with the 
Bacterioidetes and Actinomycetota population, but dietary carbohydrate and fat sowed a positive effect on their 
habitat. Type of dietary oil showed an important effect on the population of Bacteroidota. Dietary MUFA and 
PUFA were correlated with higher Bacteroidota population. However, dietary cholesterol showed a negative 
correlation with the Bacteroidota and Bifidobacterium spp. population in the gut. Only, maternal current weight 
showed a significant correlation with the Proteobacteria population. Serum 2  h-PG and maternal education 
showed a significant correlation with E.coli population. Schematic overview of the present study has been shown 
in Fig. 1.

Pregnancy, as a complex physiological process, is accompanied by several alterations in metabolic pathways, 
hormonal production, immune system and microbiome to support the growth and development of fetus18. 
Maternal experiences including pre-pregnancy weight, gestational weight gain, pregnancy complications and 
metabolic abnormalities, diet, environmental exposures, stress, and drugs impact persistent modifications on 
fetal metabolism by epigenetic and the gut microbial alterations19–22. Some scholars have found that gestational 
age > 35 years is a risk factor for GDM23. Participants in the present study were under 35 years old. However, 
women with GDM were significantly older than the healthy mothers. In the adjusted models, age only showed 
a significant correlation with Actinomycetota population. Our results showed that older age is associated 
with the gut dysbiosis in term of lower Actinomycetota abundance, as the beneficial phyla. Recent evidence 

Variables B ± SE OR‡ p value† 95% CI

Age, yr. 0.1 ± 0.1 0.16 0.36 −0.12, 0.33

Education 0.15 ± 0.7 0.03 0.83 −1.3, 1.6

Group −2.1 ± 1.9 −0.28 0.26 −5.9, 1.7

Pre-pregnancy BMI, kg/m2 0.35 ± 0.32 0.26 0.27 −0.29, 1.005

Weight, kg −0.1 ± 0.11 −0.22 0.34 −0.33, 0.12

Weight gain, kg 0.13 ± 0.17 0.13 0.44 −0.21, 0.47

Number of delivery 0.59 ± 0.83 0.11 0.48 −1.1, 2.27

FPG, mg/dl 0.04 ± 0.06 0.14 0.44 −0.07, 0.16

1 h-PG, mg/dl −0.015 ± 0.02 −0.015 0.51 −0.06, 0.03

2 h-PG, mg/dl −0.04 ± 0.02 −0.32 0.49 −0.08, 0.007

Energy, kcal/day −0.03 ± 0.01 −7.3 0.04 −0.05, −0.001

Carbohydrates, g/day 0.1 ± 0.04 4.55 0.04 0.003, 0.2

Protein, g/day 0.08 ± 0.06 0.81 0.2 −0.05, 0.21

Fiber, g/day −0.01 ± 0.03 −0.13 0.64 −0.08, 0.05

Fat, g/day 0.3 ± 0.13 3.1 0.03 0.02, 0.54

SFAs, g/day −0.02 ± 0.1 −0.05 0.87 −0.24, 0.2

Trans-FAs, g/day 0.62 ± 0.79 0.11 0.43 −0.98, 2.2

MUFAs, g/day 0.4 ± 0.17 1.04 0.02 0.74, 0.05

PUFAs, g/day 0.24 ± 0.12 0.5 0.04 0.007, 0.49

Cholesterol, mg/day −0.02 ± 0.007 −0.62 0.003 −0.008, −0.03

Table 5.  Correlation of the assessed parameters with the gut Bacteroidota population. †Assessed by a linear 
mixed model; ‡OR: odds ratio; FPG: fasting plasma glucose; 1 h−PG: plasma glucose 1−hour after dextrose 
intake; 2 h−PG: plasma glucose 2−hours after dextrose intake; SFAs: saturated fatty acids, Trans−FAs: trans 
fatty acids; MUFA: mono−unsaturated fatty acids; PUFA: poly−unsaturated fatty acids. Bold values are 
significant.
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proposed that alterations in the maternal microbiome may play a role in the pathogenesis of GDM however 
the causal relationship is not clear24. During the first trimester, the dominant gut microbiome is gram- positive 
Firmicutes and gram-negative Bacteroidota, followed by Actinomycetota, Proteobacteria, Verrucomicrobia, 
Euryarchaeota and Faecalibacterium is similar to the healthy, non-pregnant women25. However, the composition 
and structure shifts over the periods of pregnancy26,27. Herein, some of the proposed mechanisms of glucose 
control by the gut microbes, compositionally and financially, are discussed. Chronic inflammation is a key 
feature of GDM which happens by modulating lipopolysaccharide–induced inflammatory responses through 
the gut microbes28. Chronic inflammation is associated with insulin resistance by destroying the intestinal 
barrier and increasing circulating endotoxin levels29. Diet can modulate the production of lipopolysaccharide-
producing bacteria which in turn alter insulin sensitivity, systemic inflammation and immune responses30. 
Microbial metabolites, especially SCFAs, improve the cellular glucose metabolism. Amount of metabolites 
vary depending on the dietary intake of fiber and indigestible carbohydrates31. Bile acid metabolism is another 
effective pathway on blood glucose which is influenced by the gut bacterial population32. Bile acids can control 
a network of signaling pathways including glucose, lipid, steroid, xenobiotic metabolism as well as energy, 
through the activation of different bile acid receptors33. In previous studies comparing the microbiome profile 
of mothers with GDM vs. non-GDM women, decrease in Pseudomonadales, Dialister, Akkermansia, Roseburia, 
Bacteroides, Methanobrevibacter smithii, Eubacterium species, Alistipes species and beneficial bacteria, such as 
Bifidobacterium spp. and Lactobacillus have been reported33,34. Moreover, increase in the Firmicutes, Klebsiella 
variicola, Collinsella, Rothia, Ruminococcus, Actinomycetota, Parabacteroides distasonis, and Desulfovibrio 
populations have been observed in the GDM mothers compared to the normo-glycemic group33,35. Our results 
are opposite in term of the Actinomycetota and Bacteroides, but in accordance in term of Bifidobacterium spp. 
population with the previous studies. In the present study, the Firmicutes and Bacteroidota population showed 
no significant difference between the two groups. Dietary calorie and cholesterol intake showed negative effects 
on the gut bacterial population, but carbohydrates, MUFA and PUFA affected positively their community. 
Several human studies have suggested that a high-fat diet increases the counts of Bacteroides36,37. Investigation 
of the effects of different types of dietary fat on human gut flora, showed only the incremental effect of saturated 
fatty acids on Faecalibacterium prausnitzii population. No effect was observed for MUFA and PUFA on the gut 
bacterial genera36. Herein, dietary fat intake increased Bacteroidota population by 3.1-folds. Dietary MUFA and 
PUFA increased Bacteroidota population by 1.04- and 0.5-folds, respectively, but saturated fats showed no effect 
on none of the assessed phyla and genus. Dietary cholesterol decreased the Bacteroidota population in the gut by 
38%. In animal model studies, the destructive effect of high fat diet was observed on the gut flora38,39. Source of 
dietary fat is the most important factor on the composition of the gut microbiome. One previous human study 
reported that dietary carbohydrate increased Bifidobacterium spp. population but decreased Bacteroides40. In our 
study, dietary carbohydrate showed a positive correlation with the Bacteroidota and Actinomycetota population, 
but no correlation was observed with Bifidobacterium spp. and Bacteroides. Differences among studies may be 

Variables B ± SE OR‡ p value† 95% CI

Age, yr. 0.06 ± 0.09 0.14 0.49 −0.12, 0.24

Education 0.53 ± 0.6 0.16 0.36 −0.63, 1.7

Group 1.3 ± 1.5 0.25 0.39 −1.7, 4.3

Pre-pregnancy BMI, kg/m2 0.31 ± 0.25 0.33 0.23 −0.2, 0.82

Weight, kg −0.03 ± 0.09 −0.09 0.74 −0.2, 0.15

Weight gain, kg 0.09 ± 0.13 0.13 0.5 −0.17, 0.35

Number of delivery −0.73 ± 0.65 −0.21 0.27 −2.05, 0.6

FPG, mg/dl 0.009 ± 0.04 0.04 0.84 −0.08, 0.098

1 h-PG, mg/dl 0.002 ± 0.02 0.03 0.9 −0.03, 0.04

2 h-PG, mg/dl 0.01 ± 0.02 0.17 0.45 −0.02, 0.046

Energy, kcal/day −0.007 ± 0.01 −2.7 0.53 −0.03, 0.015

Carbohydrates, g/day 0.025 ± 0.04 1.64 0.52 −0.05, 0.1

Protein, g/day 0.02 ± 0.05 0.26 0.72 −0.08, 0.12

Fiber, g/day 0.01 ± 0.02 0.19 0.55 −0.03, 0.06

Fat, g/day 0.1 ± 0.1 1.7 0.31 −0.1, 0.3

SFAs, g/day −0.07 ± 0.08 −0.3 0.42 −0.24, 0.1

Trans-FAs, g/day 0.43 ± 0.63 0.12 0.5 −0.83, 1.7

MUFAs, g/day −0.05 ± 0.13 −0.2 0.69 −0.3, 0.11

PUFAs, g/day −0.08 ± 0.1 −0.27 0.39 −0.28, 0.11

Cholesterol, mg/day −0.003 ± 0.005 −0.13 0.57 −0.01, 0.008

Table 6.  Correlation of the assessed parameters with the gut Firmicutes population. †Assessed by a linear 
mixed model; ‡OR: odds ratio; FPG: fasting plasma glucose; 1 h−PG: plasma glucose 1−hour after dextrose 
intake; 2 h−PG: plasma glucose 2−hours after dextrose intake; SFAs: saturated fatty acids, Trans−FAs: trans 
fatty acids; MUFA: mono−unsaturated fatty acids; PUFA: poly−unsaturated fatty acids. Bold values are 
significant.
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due to sample size, study design, and week of gestation in sampling time. Ethnicity and dietary habits are other 
various factors which effect on the gut microbiome in different studies. Confounding factors, including maternal 
pre-pregnancy BMI, weight gain during gestation, environmental factors, and antibiotic intake, influence the 
microbial composition of pregnant women and may account for the inconsistencies reported in the findings 
of previous studies. The present study had some limitations. Selection and recall bias are the most important 
of them. The small sample size and the cross-sectional design restrict the ability of the present study to draw 
causal conclusions. Moreover, the results of this study cannot be generalized to other regions of Iran because 
race, geographical environment, and food consumption can effect on the results. In addition, included women 
with diabetes diagnosed at 24–28 weeks of pregnancy, and individuals who may develop diabetes in the third 
trimester were not evaluated. We didn’t measure serum inflammatory markers to evaluate their association with 
the gut flora. Therefore, replicating of these studies in other countries is encouraged to validate the observed 
results, discover the underlying metabolic pathways, and assess its clinical application. Future studies on infants 
to evaluate association between maternal gut flora with the.

Variables B ± SE OR‡ p value† 95% CI

Age, yr. 0.013 ± 0.05 0.46 0.01 0.032, 0.234

Education 0.78 ± 0.33 0.33 0.02 0.121, 1.45

Group 0.5 ± 0.85 0.125 0.6 −1.26, 2.16

Pre-pregnancy BMI, kg/m2 0.015 ± 0.049 0.06 0.79 −0.085, 0.115

Weight, kg −0.65 ± 0.31 −0.5 0.79 −0.08, 0.11

Weight gain, kg −0.25 ± 0.47 −0.09 0.6 −1.2, 0.71

Number of delivery −0.5 ± 0.37 −0.2 0.2 −1.2, 0.27

FPG, mg/dl −0.04 ± 0.02 −0.25 0.14 −0.09, 0.01

1 h-PG, mg/dl −0.007 ± 0.01 −0.16 0.45 −0.027, 0.012

2 h-PG, mg/dl 0.02 ± 0.009 0.32 0.11 −0.004, 0.03

Energy, kcal/day −0.02 ± 0.006 −9.9 0.009 −0.03, −0.004

Carbohydrates, g/day 0.06 ± 0.02 5.4 0.01 0.014, 0.102

Protein, g/day 0.057 ± 0.03 1.2 0.06 −0.002, 0.116

Fiber, g/day 0.009 ± 0.01 0.16 0.54 −0.02, 0.037

Fat, g/day 0.2 ± 0.06 4.7 0.001 0.085, 0.322

SFAs, g/day −0.03 ± 0.05 −0.17 0.59 −0.125, 0.072

Trans-FAs, g/day 0.08 ± 0.36 0.03 0.76 −0.65, 0.8

MUFAs, g/day −0.09 ± 0.07 −0.48 0.29 −0.24, 0.07

PUFAs, g/day 0.03 ± 0.05 0.2 0.53 −0.08, 0.15

Cholesterol, mg/day 0.00 ± 0.003 0.03 0.93 −0.006, 0.007

Table 7.  Correlation of the assessed parameters with the gut Actinomycetota population. †Assessed by a linear 
mixed model; ‡OR: odds ratio; FPG: fasting plasma glucose; 1 h−PG: plasma glucose 1−hour after dextrose 
intake; 2 h−PG: plasma glucose 2−hours after dextrose intake; SFAs: saturated fatty acids, Trans−FAs: trans 
fatty acids; MUFA: mono−unsaturated fatty acids; PUFA: poly−unsaturated fatty acids. Bold values are 
significant.
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Variables B ± SE OR‡ p value† 95% CI

Age, yr. 0.54 ± 0.32 0.33 0.14 −0.09, 1.2

Education −0.75 ± 2.1 −0.06 0.6 −4.9, 3.5

Group 3.22 ± 5.4 0.16 0.55 −7.6, 14.1

Pre-pregnancy BMI, kg/m2 1.1 ± 0.92 0.3 0.24 −0.75, 2.9

Weight, kg −0.65 ± 0.31 −0.5 0.04 −1.3, −0.02

Weight gain, kg −0.25 ± 0.47 −0.09 0.46 −1.2, 0.71

Number of delivery −5.1 ± 2.4 −0.37 0.46 −1.2, 0.71

FPG, mg/dl −0.08 ± 0.2 −0.09 0.72 −0.4, 0.25

1 h-PG, mg/dl 0.003 ± 0.06 0.013 0.96 −0.12, 0.13

2 h-PG, mg/dl 0.08 ± 0.06 0.26 0.17 −0.05, 0.2

Energy, kcal/day −0.03 ± 0.04 −3 0.46 −0.11, 0.05

Carbohydrates, g/day 0.11 ± 0.14 1.9 0.42 −0.17, 0.4

Protein, g/day 0.05 ± 0.18 0.17 0.8 −0.32, 0.42

Fiber, g/day −0.08 ± 0.09 −0.26 0.38 −0.26, 0.1

Fat, g/day 0.4 ± 0.37 1.7 0.28 −0.35, 1.15

SFAs, g/day 0.08 ± 0.3 0.09 0.79 −0.54, 0.71

Trans-FAs, g/day 1.1 ± 2.2 0.08 0.49 −3.5, 5.7

MUFAs, g/day −0.51 ± 0.48 −0.5 0.3 −1.5, 0.46

PUFAs, g/day 0.07 ± 0.35 0.06 0.83 −0.64, 0.79

Cholesterol, mg/day 0.007 ± 0.02 0.08 0.72 −0.03, 0.05

Table 8.  Correlation of the assessed parameters with the gut Proteobacteria population. †Assessed by a linear 
mixed model; ‡OR: odds ratio; FPG: fasting plasma glucose; 1 h−PG: plasma glucose 1−hour after dextrose 
intake; 2 h−PG: plasma glucose 2−hours after dextrose intake; SFAs: saturated fatty acids, Trans−FAs: trans 
fatty acids; MUFA: mono−unsaturated fatty acids; PUFA: poly−unsaturated fatty acids. Bold values are 
significant.
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