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Abstract
Purpose Bariatric surgery is a treatment option for those affected by severe obesity. This study investigated changes in gut
microbiota and serum biomarkers after laparoscopic sleeve gastrectomy (LSG).
Materials and Methods A total of 126 patients with morbid obesity who underwent LSG were enrolled in this study. Routine
biochemical tests, hormonal (insulin and glucagon), and cytokine levels (IL-6, IL-1β, TNF-α, IL-10, and TGF–β 1) were
measured, in addition, real-time PCR (quantitative PCR, qPCR) quantitated gut microbiota. All the parameters were measured
pre-operatively, 3, and 12 months post-surgery (F0, F3, and F12, respectively).
Results At F3, the level of FBS, HbA1c, HOMA-IR, triglyceride, cholesterol, LDL, BUN, creatinine, urea, SGOT, SGPT, IL-1β,
IL-6, IFNγ, insulin, glucagon, the abundance of Prevotella and Bacteroides fragilis group, as well as the concentration of
Firmicutes spp. showed significant decrease (P < 0.01), and HDL level, Akkermansia muciniphila and Roseburia spp. abun-
dance, and Bacteroidetes and Bifidobacterium spp. concentration showed significant increase (P < 0.0001). The observed pattern
continued or remained stable at F12 for all of these variables. IL-10 and TGF-β1 remained unchanged until F3 and showed a
significant drop at F12. At F3, Clostridium cluster IV increased significantly and remained at that level afterward. Moreover,
concentration of Phylum Actinobacteria showed an initial drop at F3 and a later increase at F12 (P < 0.0001).
Conclusion LSG is associated with a significant improvement in serum biomarkers, as well as significant changes in fecal
microbiota. Future systems biology analyses would shed more light on the underlying interactions of these parameters, and
could help in developing novel diagnostic and therapeutic strategies for obesity management.
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Introduction

Obesity is a complex health problem resulting from a combi-
nation of environmental and genetic factors [1, 2]. Obesity is

associated with a number of medical complications such as
diabetes mellitus, cardiovascular diseases, hypertension, and
cancer [1]. According to the recent estimates, overweight and
obesity are among the five major risk factors for human
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health, and at least 2.8 million adults die each year due to
obesity epidemic [3]. Although obesity is largely preventable
through physical activity, diet change, behavior therapy, and
pharmacotherapy, the bariatric surgery continues to be an op-
tion for the management of morbid obesity when the
abovementioned interventions fail to solve the problem [4].

Laparoscopic sleeve gastrectomy (LSG) is an innovative
surgical approach for the management of morbid obesity [5].
It is been reported that LSG can reduce excess body weight and
caloric intake up to 50–70% [6]. Other mechanisms, including
changes in gastrointestinal hormone, alteration in energy ex-
penditure, and regulation of the gut microbiota (GM), are
thought to contribute to the post-surgery benefits [6].

The human intestinal tract is the natural habitat of a diverse
and complex microbial community that plays a key role in
maintaining host body homeostasis [2, 6]. Animal and human
studies revealed that the GM is a pivotal factor in energy
extraction from food and host metabolic pathways, which
are interrelated and are responsible for the development of
metabolic disorders such as obesity [7, 8].

Although a number of studies have sought to characterize
alterations in GM [9, 10] and serum biomarkers [5, 6, 10] after
weight loss surgery, there are several factors that can affect these
parameters that are not fully addressed yet, including genetics,
diet, age, child birth method (for women), certain medications,
especially antibiotics and probiotics [11]. Many of these factors
are inter-related, and should be considered in a holistic manner.
Also, there are few studies that have followed these variations
for a long period of time, with no studies being conducted in the
Iranian population. So, additional research is needed to deter-
mine variations in the GM and serum biomarkers, while
adjusting for the role of other influencing factors.

Therefore, the aim of this study was to analyze the specific
changes in GM composition and serum biomarkers that may
be caused by LSG in patients with morbid obesity over a 1-
year follow-up.

Materials and Methods

Participants

Morbidly obese patients (N = 126), who underwent LSG at The
Department of Surgery in Shariati Educational Hospital
(Tehran, Iran) from September 2018 to January 2020 were
included in this longitudinal study. Each subject was provided
with a standardized questionnaire regarding sociodemographic,
anthropometric, lifestyle, and underlyingmedical history. Also,
all patients were prescribed at least a 2-week pre-operative,
strict calorie controlled diet.

The inclusion criteria were [1] meeting the National
Institute of Health and Care Excellence guidelines for weight
loss surgery [12]; [2]: age 30 to 50 years; [3] BMI > 40 kg/m2

or > 35 kg/m2 with obesity-related complications; [4] without
dairy allergy; [5] no infectious disease; [6] no use of medica-
tion or dietary supplements affecting the findings during the
follow-up or 6 months prior to the study. Moreover, the ex-
clusion criteria were [1] recent illnesses; [2] genetic or psy-
chotic disorders; and [3] drug abuse.

The Research Ethics Committee of the Pasteur Institute of
Iran, Tehran, approved this study (Approval ID: IR.PII.
REC.1397.029).

Stool Samples and DNA Extraction

Stool samples were collected in a sterile container and stored
at − 80 °C until DNA extraction. DNA was extracted from
stool samples using the DNA purification Kit (QIAGEN,
GmbH, Hilden, Germany) following the manufacturer’s in-
structions. Purity of the extracted DNA was measured using
a Nanodrop spectrophotometer (BioTek Instruments, Inc.,
Winooski, VT, USA) and stored at − 20 °C until processed.

Characterization of the GM by qPCR

The abundance of the bacterial communities in stool samples
was evaluated using absolute qPCR (StepOne™ Real-Time
PCR System, Applied Biosystems, USA) with 16S rRNA
gene-based specific primers for phylum and species
(Metabion, Germany, Table 1). Amplification reactions were
carried out in a total volume of 20 μl containing 10 μL 2×
QPCR Green Master Mix HRox (Biotechrabbit GmbH,
Hennigsdorf, Germany), 1 μL of each primer (5 μM) and
2 μL of target DNA. The qPCR temperature cycling conditions
were as follows: one cycle of initial denaturation at 95 °C for
3 min, 40 cycles of 95 °C for 15 s, and annealing at specific
temperature for 30 s (Table 1). Standard curvesweremade using
tenfold serial dilutions of Phylum Proteobacteria genomic
DNA and then, the number of copies of amplified 16S rRNA
for each species determined using the following equation:

Number of copies = (DNA concentration (ng/μl) × [6.022 ×
1023]) / (length of template (bp) × [1 × 109] × 650).

Blood Biochemical and Cytokine Parameters

Biochemistry and cytokine parameters were detected from all
patients at each time point after an overnight fast. Routine
biochemical parameters including cholesterol (Chol), high-
density lipoprotein (HDL), low-density lipoprotein (LDL), tri-
glycerides (Tg), fasting blood sugar (FBS), aspartate amino-
transferase (SGOT), alanine aminotransferase (SGPT), blood
urea nitrogen (BUN), creatinine (CRE), urea, and alkaline
phosphatase (ALP) were determined using a standard
autoanalyzer method (COBASMIRA® Plus). Glycated hemo-
globin (HbA1c) wasmeasured onwhole blood samples with an
immunoturbidimetric assay (Hitachi 917). To quantify insulin
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resistance and beta cell function, the homeostasis model assess-
ment insulin resistance (HOMA-IR) indexwas calculated using
the formula: fasting insulin (μU/mL) × fasting glucose
(mmol/L) / 22.5.

The serum concentrations of insulin, glucagon, inflammato-
ry cytokines (IL-6, IL-1β, and TNF-α), and anti-inflammatory
cytokines (IL-10 and TGF–β 1) were determined using com-
mercially quantitative enzyme-linked immunosorbent assay
(ELISA) kits (Abcam, Cambridge, UK).

Each measure was determined in duplicate and the median
of the two measurements was reported.

Statistical Analysis

Continuous variables were summarized using median (min–
max) or mean ± standard deviation. Categorical variables
were described as number (n) and percentage (%). Changes
in biochemical factors, cytokines, and gut microbiota were
evaluated over the 1-year follow-up using Repeated Measure
ANOVA test. Given the trend was statistically significant for
all of these variables (except BUN, creatinine, and urea), the
trend for each variable over follow-up time was visually
inspected. We also performed paired t test to assess changes
before and 3 months after surgery as well as 3 and 12 post-
surgery. The level of significance was defined as P < 0.05.
data was analyzed in Stata software (v. 14).

Results

Characteristics of Participants

A total of 126 patients with morbid obesity (96 females and 30
males) who were candidate for LSG were finally included in
this study. The mean age was 37.3 ± 6.3. Most of the partici-
pants (93.7%) were urban residents, married (68.3%), and had
educational training beyond 12 years (64.29%). Frequency of
type 2 diabetes and hypothyroidism were 12.7% and 20.6%,
respectively. Frequency of major gastrointestinal disorders
was below 10% (9.5% for stomach ulcer caused by
H. pylori, 9% for fatty liver, and 8.7% for gallstone history).
Considering participants’ pre-operative diet and life-style, ma-
jority of them (70%) reported fast food consumption, 40%
reported caffeine consumption, 32.5% reported current tobac-
co use, and 19.1% reported current alcohol consumption
(Table 2).

Clinical and Biomarker Analysis

Preoperative weight and BMIwere 121.4 ± 23.9 kg and 43.27 ±
5.4 kg/m2, respectively.

At F3, weight and BMI were 94.96 ± 19.68 kg and 33.88 ±
5.12 kg/m 2, respectively. Also, the level of all biochemical
indices measured in this study (except ALP) was significantly

Table 1 Primers used to detect
gut microbiota based on the 16S
ribosomal RNA genes

Target organism Primer sequence (5′ to 3′) Length
(bp)

Annealing
temp (°C)

Reference

Akkermansia
muciniphila

F CAGCACGTGAAGGTGGGGAC 329 60 [13]
R CCTTGCGGTTGGCTTCAGAT

Prevotella spp. F CACCAAGGCGACGATCA 283 60 [13]
R GGATAACGCCYGGACCT

Roseburia spp. F TACTGCATTGGAAACTGTCG 230 59 [13]
R CGGCACCGAAGAGCAAT

Clostridium cluster IV F ACAATAAGTAATCCACCTGG 312 56 [14]
R CTTCCTCCGTTTTGTCAA

Bacteroides fragilis
group

F CTGAACCAGCCAAGTAGCG 230 56 [13]
R CCGCAAACTTTCACAACTGA

CTTA

Phylum Actinobacteria F GCGKCCTATCAGCTTGTT 333 62 [15]
R CCGCCTACGAGCYCTTTACGC

Bacteroidetes F AAACTCAAAKGAATTGACGG 196 61 [16]
R GGTAAGGTTCCTCGCGCTAT

Firmicutes F TGAAACTYAAGGAATTGACG 148 60 [16]
R ACCATGCACCACCTGTC

Bifidobacterium F CTCCTGGAAACGGGTGG 550 55 [17]
R GGTGTTCTTCCCGATATCTACA

Phylum Proteobacteria F CATTGACGTTACCCGCAGAA
GAAGC

195 60 [13]

R CTCTACGAGACTCAAGCTTGC

F, Forward; R, Revers; bp, base pair
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improved (P < 0.01), with FBS, HbA1c, HOMA-IR, triglycer-
ide, cholesterol, LDL, BUN, creatinine, urea, SGOT, and
SGPT showing significant decrease and HDL showing signif-
icant increase. These improvements continued over the 12-
month follow-up period, and the changing patterns were great
enough to be statistically significant for all mentioned vari-
ables, except for LDL, BUN, urea, and ALP (Table 3).

At F12, weight and BMIwere 82.51 ± 15.77 kg and 29.54 ±
4.42 kg/m2, respectively. Three cytokines including IL-1β, IL-
6, and IFNγ showed significant decrease after LSG surgery
over the 12-month follow-up period.

IL-10 remained unchanged 3 months after surgery, but in
month 12, it showed a dramatic drop which was also statisti-
cally significant (P < 0.0001). TGF-β 1 showed more
unstability, which was evident by 380.6 units increase in
month 3 after surgery compared to the pre-operation value,
and a dramatic decrease in month 12 after surgery
(2073.8 units increase in month 12 vs. month 3 after
surgery, P < 0.0001, Table 3).

Both insulin and glucagon showed gradual significant de-
crease over months 3 and 12 after surgery (P < 0.0001, Table 3).

Fecal Microbiota Analysis

Changes in fecal microbiota before, 3, and 12 months after
LSG are shown in Table 4. The abundance of Akkermansia
muciniphila and Roseburia spp. showed significant increase
over months 3 and 12 after surgery. The same pattern of
change was also observed in the concentration of
Bacteroidetes and Bifidobacterium spp. (P < 0.0001). On the
other hand, the abundance of Prevotella and Bacteroides
fragilis group as well as the concentration of Firmicutes spp.
showed significant decrease in months 3 and 12 after surgery
(P < 0.0001). This was also observed for the Firmicutes/
Bifidobacterium ratio (P < 0.0001). The abundance of
Clostridium cluster IV significantly increased in month 3
and remained unchanged in month 12. Also, the concentration
of phylum Actinobacteria showed a significant decrease in
month 3 (compared to pre-operation time), and a subsequent

Table 2 Sociodemographic and clinical characteristics, comorbidity,
and distribution of risk factors of 126 patients with morbid obesity who
were candidate for LSG

Characteristics Frequency
n (%)

Age groups

30–40 94 (74.6)

41–50 32 (25.4)

Gender

Male 30 (23.81)

Female 96 (76.19)

Marital status

Single 36 (28.57)

Married 86 (68.25)

Divorced 4 (3.17)

Educational level

School level 45 (35.71)

University level 81 (64.29)

Geographical area

Urban 118 (93.7)

Rural 8 (6.3)

Occupation

Government’s employee 56 (44.44)

Homemaker 56 (44.44)

Self employed 14 (11.11)

Diabetes

Type 1 6 (4.76)

Type 2 16 (12.70)

Non- diabetic 104 (82.54)

History of gallstone

Yes 11 (8.73)

No 115 (91.27)

Stomach ulcer caused by H. pylori

Yes 12 (9.52)

No 114 (90.48)

Fatty liver

Grade 1 15 (11.90)

Grade 2 6 (4.76)

Grade 3 3 (2.38)

None 102 (80.95)

Hypothyroidism

Yes 26 (20.63)

No 100 (79.37)

Fast food diet

Consumer 88 (69.84)

Non- consumer 38 (30.16)

Caffeine

Consumer 50 (39.68)

Non- consumer 76 (60.32)

Alcohol

Drinker 24 (19.05)

Table 2 (continued)

Characteristics Frequency
n (%)

Non-drinker 102 (80.95)

Tobacco

Current smoker 41 (32.53)

Never smoked 85 (67.46)

History of depression

Yes 22 (17.46)

No 104 (82.54)
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significant increase in month 12 post-surgery when compared
to month 3 after surgery (P < 0.0001).

Discussion

Recent evidence suggests that GM and serum biomarkers play
vital role not only in the maintenance of host health, but also in
the development of several metabolic disorders, including
obesity-related diseases [7, 8]. Weight loss surgery modifies
the GM and serum biomarkers [6, 9, 10]; however, major
alterations in these parameters have not been surveyed in
detail.

The results from the sociodemographic and clinical ques-
tionnaire before LSG revealed hypothyroidism, fatty liver,

and diabetes were the most common comorbidities associated
with obesity. Present findings are consistent with previous
studies [18, 19].

Our results in agreement with previous findings [6, 10]
revealed a significant weight loss and metabolic improvement
after LSG. In the same context, glucose, insulin, glucagon,
HbA1c, and HOMA-IRwere significantly decreased after sur-
gery. These changes could be explained by the weight loss
and the improvement of insulin sensitivity. Furthermore,
lipids were also significantly affected by the LSG. In this
regard, Tg, Chol, and LDL were significantly lower postoper-
atively, while HDL was higher, indicating regulation of lipid
profile, probably connected with the LSG. In particular, our
data showed that ALP transitory increased at F3 and decreased
at F12, after LSG. Similar results were reported previously in

Table 3 Changes in clinical and biomarker values before, 3, and 12 months after laparoscopic sleeve gastrectomy (Repeated measure ANOVA was
used to assess changes in the variables over 1 year)

Biomarkers F0 (n = 126) F3 (n = 124) F12 (n==120) F0 vs. F3 F3 vs. F12

Mean ± SD Mean ± SD Mean ± SD Direction¤ P value§ Direction¤ p value§

BMI (kg/m2) 43.27 ± 5.40 33.88 ± 5.12 29.54 ± 4.42 ↓ < 0.0001 ↓ < 0.0001

Biochemical

FBS (mg/dl) 112.81 ± 35.58 87.97 ± 13.23 84.15 ± 11.22 ↓ < 0.0001 ↓ 0.0017

HbA1c (%) 6.26 ± 1.02 5.80 ± 0.71 5.42 ± 0.48 ↓ < 0.0001 ↓ < 0.0001

HOMA-IR 5.24 ± 2.68 3.07 ± 1.17 2.62 ± 1.09 ↓ < 0.0001 ↓ < 0.0001

Tg (mg/dl) 164.50 ± 85.56 118.10 ± 51.93 98.42 ± 31.76 ↓ < 0.0001 ↓ < 0.0001

Chol (mg/dl) 164.47 ± 41.04 156.19 ± 27.29 149.94 ± 26.58 ↓ 0.0024 ↓ 0.0098

HDL (mg/dl) 41.38 ± 9.54 51.70 ± 8.98 55.21 ± 7.74 ↑ < 0.0001 ↑ < 0.0001

LDL (mg/dl) 92.31 ± 26.36 86.36 ± 19.46 84.61 ± 16.82 ↓ 0.0007 ↓ 0.2732

BUN (mg/dl) 12.34 ± 3.25 11.00 ± 2.61 10.94 ± 2.64 ↓ < 0.0001 ↓ 0.8215

Crea (mg/dl) 1.32 ± 0.34 1.17 ± 0.27 1.14 ± 0.27 ↓ < 0.0001 ↓ < 0.0001

Urea (mg/dl) 26.42 ± 6.95 23.56 ± 5.59 23.41 ± 5.66 ↓ < 0.0001 ↓ 0.8215

SGOT (iu/l) 27.01 ± 16.30 23.17 ± 7.22 21.02 ± 4.70 ↓ 0.0019 ↓ 0.0001

SGPT (iu/l) 28.58 ± 22.17 22.77 ± 9.13 18.69 ± 6.72 ↓ 0.0002 ↓ < 0.0001

ALP (iu/l) 168.92 ± 58.21 173.11 ± 33.94 172.25 ± 35.81 ↑ 0.3352 ↓ 0.7607

Cytokines

IL-1β (pg/ml) 45.96 ± 17.83 38.99 ± 12.21 20.32 ± 5.23 ↓ < 0.0001 ↓ < 0.0001

IL-6 (pg/ml) 5.13 ± 1.54 4.96 ± 1.42 2.67 ± 0.99 ↓ 0.0001 ↓ < 0.0001

IL-10 (pg/ml) 36.70 ± 9.22 36.84 ± 5.20 17.66 ± 6.39 ↑ 0.8510 ↓ < 0.0001

TGF-β 1
(pg/ml)

4319.74 ± 1082.38 4700.30 ± 4856.56 2626.52 ± 635.45 ↑ 0.9705 ↓ < 0.0001

IFNγ (pg/ml) 51.31 ± 13.77 35.54 ± 8.09 16.87 ± 5.72 ↓ < 0.0001 ↓ < 0.0001

Hormonal

Insulin (pg/ml) 18.15 ± 4.48 14.01 ± 3.92 12.41 ± 3.26 ↓ < 0.0001 ↓ < 0.0001

Glucagon (pg/ml) 109.83 ± 19.11 91.03 ± 15.34 73.76 ± 10.45 ↓ < 0.0001 ↓ < 0.0001

The resulting P value was statistically significant for all variables except BUN, creatinine, and urea. ¤ Direction of change is shown as ↑ or ↓. §P values
are generated using paired t test. F0, before LSG; F3, 3 months after LSG; F12, 12 months after LSG; SGOT, serum glutamate-oxaloacetate transam-
inase; FBS, fasting blood sugar; HbA1c, hemoglobin A1c; HOMA-IR, homeostatic model assessment of insulin resistance; Tg, triglyceride; Chol,
Cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BUN, blood urea nitrogen; Crea, creatinine; SGOT, serum glutamic oxalo-
acetic transaminase; SGPT, serum glutamic-pyruvic transaminase; ALP, alkaline phosphatase; IL-1β, interleukin-1β; IL-6, interleukin 6; IL-10, inter-
leukin 10; TGF-β 1, transforming growth factor beta 1; IFNγ, interferon gamma
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two studies [20, 21]; this is a topic for further investigation and
analysis. In addition, our findings suggest that the decreased
levels of AST and ALT after LSG improve the liver function
of patients with morbid obesity. However, there were no
significant differences with respect to biomarkers of renal
function (BUN and urea) over the 12-month follow-up pe-
riod. At F3 and F12, 6% and 57% of patients lost more than
30% excess weight loss, respectively. At F12, more than of
patients suffering from obesity-related disease had a remis-
sion, and among subjects with HbA1c > 6%, remission of
type 2 diabetes mellitus was recorded in 8.73% of cases
after LSG. Based on our results, a significant decrease in
cytokine levels occurred after sleeve gastrectomy. This
could be probably due to a reduction in the adipose tissue
macrophages, which are a source of pro- and anti-
inflammatory cytokines [5].

In the present study, the abundance of several major phyla
and species increased after surgery. The total numbers of GM
were significantly lower in patients with morbid obesity before
LSG despite the fact that some bacterial were more abundant.
The positive effect of the LSG could be explained by the pro-
liferation of some beneficial intestinal flora after surgery [22].
In our samples, a high level of Bacteroidetes, Bifidobacterium,
Akkermansia muciniphila, Roseburia spp., and Clostridium
cluster IV appeared at F3 and remained high at F12. These
bacteria are strongly associated with healthy metabolic status
and negatively correlated with variables including BMI, glu-
cose, leptin, triglycerides, insulin, and inflammatory markers
[23–26].Moreover, our findings confirm those previous studies
showing that the Firmicutes/ Bacteroidetes ratio could be con-
sidered as a predictor of gut dysbiosis in patients with morbid
obesity [27, 28]. A possible explanation for our findings is that
Firmicutes are more efficient in harvesting energy from food

than Bacteroidetes, thus promoting more absorption of calories
and following weight gain [27]. Previous studies in humans
and animal models have shown differences in GM composition
after bariatric surgery [6, 9, 22]. These differences in abun-
dance could be due to several factors, including study design,
type of surgery, methodology, and subject characteristics such
as ethnicity, age, and diet. In fact, our findings show the weight
loss induced by LSG and the changes in life style affecting the
GM abundance. Now, it has not yet been clarified whether the
bacterial modification induces beneficial or harmful long-term
effects on health state.

To date, this study has the biggest sample size showing
GM changes, and a thorough analysis of the biochemical
and cytokine parameters in patients undergoing LSG.

Conclusion

In conclusion, this study suggests that the LSG led to signif-
icant improvement in glucose, insulin, lipids, and many other
metabolic and hormonal. Moreover, a reduction of potential
pathogens and the onset of beneficial bacteria after LSG were
recorded. However, further studies to assess the host
metabolic-microbial cross talk after LSG may help us to get
novel insights into new therapeutic strategies for obesity.

Limitations

Our study has several limitations. First, the relationship be-
tween the clinical impact of intestinal microbiota and host
response is still unclear. Second, fecal microbiota analysis is
limited to nine 16S rRNA-gene-targeted specific primers and
cannot provide comprehensive results on the role of LSG on

Table 4 Changes in fecal microbiota (mean) before, 3, and 12 months after laparoscopic sleeve gastrectomy

Microorganisms F0 (n = 126) F3 (n = 124) F12 (n = 120) F0 vs. F3 F3 vs. F12

Mean ± SD Mean ± SD Mean ± SD Direction¤ P value§ Direction¤ P value§

Akkermansia muciniphila* (copy/μl) 6.08 ± 6.39 6.50 ± 5.84 6.60 ± 5.84 ↑ < 0.0001 ↑ < 0.0001

Prevotella spp.* (copy/μl) 5.96 ± 6.30 6.26 ± 5.92 6.14 ± 5.86 ↓ 0.0081 ↓ < 0.0001

Roseburia spp.* (copy/μl) 5.71 ± 6.34 6.39 ± 5.56 6.44 ± 5.57 ↑ < 0.0001 ↑ < 0.0001

Clostridium cluster IV* (copy/μl) 5.67 ± 6.57 6.59 ± 5.61 6.59 ± 5.54 ↑ < 0.0001 – 0.9939

Bacteroides fragilis group* (copy/μl) 5.60 ± 6.42 6.39 ± 5.59 6.36 ± 5.51 ↓ < 0.0001 ↓ < 0.0001

Total numbers (species) * (copy/μl) 8.24 ± 8.14 9.02 ± 9.12 9.34 ± 9.03 ↑ < 0.0001 ↑ < 0.0001

Phylum Actinobacteria (ng/ul) 2.20 ± 7.06 ± 1.5 6.55 5.69 ± 1.44 ↓ 0.0012 ↑ < 0.0001

Bacteroidetes (ng/ul) 1.68 ± 10.77 ± 1.52 12.93 14.50 ± 1.27 ↑ < 0.0001 ↑ < 0.0001

Firmicutes (ng/ul) 1.60 ± 16.33 ± 1.32 14.24 12.59 ± 1.32 ↓ < 0.0001 ↓ < 0.0001

Bifidobacterium (ng/ul) 1.84 ± 2.04 3.60 ± 1.56 4.81 ± 1.09 ↑ < 0.0001 ↑ < 0.0001

Total numbers (phylum) (ng/ul) 4562.52 ± 759.88 4704.56 ± 640.7 4839.18 ± 564.1 ↑ < 0.0001 ↑ < 0.0001

F/B ratio 1.51 ± 0.31 1.10 ± 0.12 0.86 ± 0.11 ↓ < 0.0001 ↓ < 0.0001

F0, before LSG; F3, 3 months after LSG;F12, 12months after LSG; F/B ratio, Firmicutes/Bacteroidetes ratio; *the values ofBacteroides fragilis group,
Akkermansia muciniphila, Clostridium cluster IV, Roseburia spp., Prevotella spp., and total numbers (species) are presented in logarithmic scale
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the GM alterations. Third, our questionnaires, as well as data
on sociodemographic were collected on oral report and are
thus prone to response biases.
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