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Abstract

Background: Alteration of the gut microflora leads to
local intestinal inflammation which produces various
primary and secondary metabolites that cause chronic
inflammation, leading to metabolic syndrome.

Objectives: To determine the gut microbiome about
biochemical and inflammatory markers in type 2 diabetes
patients and to assess the clinical outcomes of metabolic
syndrome for gut microbiota composition.

Methods: In this hospital-based observational study, 41

type 2 diabetes mellitus patients were included and

underwent clinical examination. The gut microbiome diversity was detected from stool samples through DNA
extraction followed by 16s RNA gene sequencing and bioinformatical analyses. Using blood samples, the
immune response analysis was also done by identifying CD4+T cells through blood immune cells analysis.

Results: After gene sequencing from stool samples, the gut microbiota species of rumonicoccus,
fusobacterium, and blautia were identified among 9(42.9%), 9(42.9%), and 10(47.6%) patients only in the
case group. However, fecalibacterium prasunitzii, bifidobacterium, akkermansia mucinphila and bacteriodes
fragilis were 1(5%), 2(10%), 10(50%) patients only in the control group. In both groups, lactobacillus, and
escherichia coli were seen among 3(15%) and 20(100%) patients in the control group, followed by 4(19%) and
20(95.2%) patients in the type 2 diabetes group. The incidence of metabolic syndrome was seen in 4(20%)
patients in the control group and it was in 19(90.5%) patients in the case group where the prevalence of
metabolic syndrome was significantly higher in the type 2 diabetes group than the control group (Fisher’s
Exact Test, P=0.001).

Conclusion: Among the studied population, the gut microbiota was found to be significantly different in the

diabetics when compared to non-diabetics and helped to identify the bacteria that were important in the
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development of diabetes. The elevation of inflammatory markers further showed the possible role of gut

microbiota in creating a state of chronic inflammation in these patients, ultimately leading to insulin

resistance and the development of type 2 diabetes mellitus.

Keywords: Probiotics; Insulin resistance; Chronic inflammation; Metabolic syndrome; Diabetes mellitus,

Gut microbiota.
Introduction

The diabetes and its global prevalence affects
about 537 million people worldwide. In 2021,
it was estimated that one in ten adult
individuals was affected by this multifactorial
disease [1]. These multiple factors include
smoking, hypertension, sleep, dyslipidemia,
family history, stress, and sedentary lifestyle
[2]. In addition, gut microbiota has turned out
to be an important contributor to the
development of type 2 diabetes mellitus
(T2DM) [3-6]. The gut microbiota has an
essential function in several metabolic
processes, including the digestion and
absorption of wundigested carbohydrates,
minerals and electrolytes, the regulation of
bowel motility, and the production of certain
micro-nutrients [2]. The mechanism by which
gut microbes influence glucose metabolism
and insulin resistance is associated with
insulin resistance, obesity and T2DM [7,8].
These inflammations have been linked to
increased production of inflammatory
cytokines such as Tumor necrosis factor-
alpha (TNF-«), Interleukin-1 (IL-1) and IL-6
and nuclear factor kappa light chain enhancer
of activated B cells (NF-kB) [8]. Studies have
shown that B cell function was severely
compromised by increased IL-1 while
inflammatory biomarker C reactive protein is
increased by translocation of IL-6 into the
liver [9]. The reduction in inflammation was
found when T2DM
supplemented with probiotics specifically

subjects  were

with lactobacillus, bifidobacterium
clostridium, and akkermansia [10,11]. These
subjects suggested supplementation of
probiotics with specific microbes may serve as
an important therapeutic application in the
management of type 2 Diabetes. Further, over
the past decade, significant efforts have been
made to map the structural and functional
attributes of human gut microbial
communities to understand the disease
progression [12,13]. Throughout life, the gut
microbiota acts as a sensory hub, responding
to both intrinsic and extrinsic stimuli
affecting host physiology within and outside
the gut [14]. Disruption of a delicate balance
among the gut microbes has been linked to
the development of metabolic diseases
particularly type 2 diabetes mellitus [s5],
obesity [15], and cardiovascular disorders [16].
Most of the earlier studies reported
differences between the gut microbiome of
diabetics, prediabetics, and healthy non-
diabetic individuals [6,17], and very few
examined the gut microbiome of treatment-
naive T2DM individuals [18,19]. This study
aimed to identify the possible role of gut
microbes in the development of diabetes
mellitus, which will pave the way for path-
breaking interventions in the management of
diabetes.

Materials and methods

This was a hospital-based observational study
carried out at R.D. Gardi Medical College and
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Charitable Hospital, Ujjain in the Department
of General Medicine, over 2 years. The sample
size was determined by using this formula,
n=Z2"P'(100-P)/d2 where Z=1.96 at 95%
confidence interval, P=36% (Prevalence of
diabetes mellitus, 36%) [13] and absolute
error, d=15%. Thus, the minimum sample size
determined was 40 cases. Patients of age
above 18 yrs and below 80 yrs who came to the
outpatient department or those who were
admitted to the hospital diagnosed with a
case of T2DM were included in the study
whereas, those who have chronic kidney
disease, coronary artery disease, congestive
cardiac failure, urinary tract infection, stroke,
ketonuria, overt diabetic nephropathy,
pregnant and non-cooperative patients were
excluded. A pre-structured proforma was
used to collect baseline data and a detailed
history with clinical examination was also
done. Further, the stool samples were
meticulously collected and transported
through a reverse cold chain which was then
subjected to DNA extraction followed by 16s
RNA gene sequencing and bioinformatical
analyses to detect gut microbiome diversity.
Using blood samples, the immune response
analysis was also done by identifying CD4+T
cells through blood immune cells analysis.

The data were analyzed by using SPSS version
23.0. Statistical significance between the two
groups was investigated by unpaired ‘t’ test.
Continuous variables were expressed as
mean, median, and range. Fischer’s exact test
was employed to determine the influence of
variables on the study variables. All tests were
performed  with  P<o.05  considered

statistically significant.

Results

About 41 patients were included where 20
(48.8%) patients in the control group and 21
(51.2%) patients in the T2DM group. The
mean age (SD) was 52.55 (8.35) years in the
control group and 52.43 (8.16) years in the
case group. The mean fasting blood sugar
(FBS) level in the control group was 99.40 +
8.01 mg/dL and in the T2DM group, it was
187.19 + 62.58 mg/dL where the difference was
found to be statistically significant (P=0.001).
The mean FBS was significantly higher in the
T2DM group than in the control group. The
mean glycated hemoglobin (HbAic) in the
control group was 5.05 + 0.41% and in type 2
diabetes, it was 8.76 + 2.27% of P=0.001 which
was found to be statistically significant.
Results showed that the mean HbAic was
significantly higher in the T2DM group than
in the control group. The comparison of mean
haematological parameters between control
and case group showed that the mean (SD)
value of Hb was 12.23 (1.49) gm%, neutrophils
of 5441.70 (1906.74) cells/uL, lymphocytes of
2154.45 (1050.07)%, platelets of 269100(63841)
cells/pL, erythrocyte sedimentation rate
(ESR) of 15.95 (5.13)mm/hour, serum glutamic
pyruvic transaminase (SGPT) of 36.65 (11.79)
[U/L, serum creatinine of 0.91 (0.20) mg/dL in
the control group, whereas, in case of a group,
the mean (SD) value of Hb was 11.68 (1.98 )
gm%, neutrophils of 7710.48 (4643.53)
cells/pL, lymphocytes of 3631.52 (2073.81)%,
platelets of 25100 (93586.32) cells/pL, ESR of
35.19 (23.57) mm/hour, SGPT of 51.91 (108.33)
IU/L, serum creatinine of 2.06 (2.99) mg/dL
as shown in Table 1.
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Parameters [Mig;ltir(;l])g]r?rl::pzo) Case Sg]r)(]nZE:[i\i[)ean * ‘t’ value, df P value
Hb (gm%) 12.23 * 1.49 11.68 + 1.98 0.984, df=39 0.331
N(eclglr;ilii)ls 5441.70 *+ 1906.74 7710.48 + 4643.53 -2.027, df=39 0.049"
Lymphocyte (%) 2154.45 * 1050.07 3631.52 * 2073.81 -2.855, df=39 0.007"
Platelets (/L) 269100 * 63841 251000 * 93586.32 0.720, df=39 0.476
ESR (mm/hour) 15.95 * 5.13 35.19 * 23.57 -3.568, df=39 0.001"
SGPT (IU/L) 36.65 + 11.79 51.91 + 108.33 -0.626, df=39 0.535
Seruz?ncgr/e(f]:()inine 0.91 + 0.20 2.06 + 2.99 -1.720, df=39 0.093

Table 1: Comparison of mean hematological parameters between control and case group. *
P value by unpaired ‘t’ test of P <0.05 was considered statistically significant. Hb: Haemoglobin; ESR:
Erythrocyte Sedimentation Rate; SGPT: Serum Glutamic Pyruvic Transferase.

*

" represents the

The mean hs CRP in the control group was
8.01 + 4.62 mg/dL; in the T2DM group, it was
3121 = 44.86 mg/dL where their difference
was statistically  significant (P=0.027).
Further, the result showed that mean hs CRP
was significantly raised in the case group than
the control group. The comparison of lipid
profile between the control and T2DM groups
showed that the mean (SD) values of total

cholesterol, triglycerides, LDL cholesterol,

VLDL cholesterol were higher with 199.33
(49.38) mg/dL, 193.35 (72.24) mg/dL, 123.25
(5116) mg/dL, 40.41 (14.46) mg/dL in the case
group than in the control group of 161.50 (17.2)
mg/dL, 129.70 (25.73) mg/dL, 98.50 (16.90)
mg/dL, 27.32 (5.27) mg/dL respectively.
However, the mean HDL cholesterol was
significantly reduced in the case group of
34.45 mg/dL than the control group of 50.33
mg/dL as depicted in Figure 1.
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Figure 1: Comparison of mean lipid profile between the control and case group. P value by unpaired ‘t’ test

of P <0.05 was considered statistically significant. LDL: Low-Density Lipoprotein; HDL: High-Density

Lipoprotein; VLDL: Very Low-Density Lipoprotein.

After gene sequencing, the gut microbiota
species was identified where rumonicoccus,
fusobacterium and blautia were seen among 9
(42.9%), 9 (42.9%), 10 (47.6%) patients only in
the case group which indicates that there was
a higher

prevalence of rumonicoccus,
fusobacterium and blautia in T2DM patients.

bifidobacterium, akkermansia mucinphila and
bacteriodes fragilis were 1 (5%), 2 (10%), 10
(50%) patients only in the control group.
Further, lactobacillus and escherichia coli
were seen in both groups of 3 (15%) and 20
(100%) patients in the control group, followed
by 4 (19%) and 20 (95.2%) patients in the

Contrarily,  fecalibacterium  prasunitzii, T2DM group as shown in Table 2.
Gut microbiota Group
. P value

species Control Group (%) Case Group (%)
Rumonicoccus 0.00% 42.90% 0.001"
Fecalibact.erl}lm 5.00% 0.00% 0.488

prasunitzii

Fusobacterium 0.00% 42.90% 0.001"
Bifidobacterium 10.00% 0.00% 0.232
Aiﬁi?nm;h,;{;;a 35.00% 0.00% 0.003
Lactobacillus 15.00% 19.00% 0.529
Bacteriodes Fragilis 50.00% 0.00% 0.001"
Blautia 0.00% 47.60% 0.001"
E. coli 100.00% 95.20% 0.512

Table 2: Identification of gut microbiota species in control and case groups. *’ represents the P value by

Fisher’s Exact test where P<o0.05 was taken as statistically significant.
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The incidence of metabolic syndrome was
seen in 4 (20%) patients in the control group
and it was in 19 (90.5%) patients in the case
group where the prevalence of metabolic
syndrome was significantly higher in the
T2DM group than control group (Fisher’s
Exact Test, P=0.001).

Discussion

The current study was designed to analyze the
gut microbiome about biochemical and
inflammatory markers in type 2 diabetes
patients and to evaluate the clinical outcomes
of metabolic syndrome concerning the
composition of gut microbiota. We found
that gut microbiota species absent such as
fecalibacterium prasunitzii, bifidobacterium,
akkermansia mucinphila, and bacteriodes
fragilis, and the presence of rumonicoccus,
fusobacterium, and blautia only in type 2
diabetes patients. Along with that, there was
a higher incidence of metabolic syndrome
and lipid profile biomarkers among the type 2
diabetes group. It was noted that there was a
raised level of mean hs CRP in type 2 diabetes
patients as highlighted by Stanimirovic J et al.
where numerous prospective studies reported
the association between serum CRP level and
risk of incident T2DM. Elevated CRP may
serve as an unintentional risk factor for the
progression of T2DM because it is
unmistakably linked to the onset of
prediabetes and diabetes-related vascular
complications. Along with elevated FPG and
HbA1C levels, abnormal OGTT results,
hyperinsulinemia, and other factors, elevated
CRP levels should also be taken into account
when assessing the overall risk of T2DM [20].

The mean lipid profile biomarkers such as

total  cholesterol, triglycerides, = LDL

cholesterol, and VLDL cholesterol were
elevated and the mean HDL was decreased in
the case group which was correlated with
Bhambhani GD as the frequencies of the high
cholesterol, high TG, and high LDL levels
were higher in the diabetic group, thus
indicating that diabetic patients were more
prone for dyslipidemia, which could cause
cardiovascular disorders [21]. About the gut
microbiota, rumonicoccus and fusobacterium
were seen in none of the patients in the
control group, and 9 (42.9%) type 2 diabetes
patients of P=o0.001. It was noted in a review
by Gurung M et al. that pathobionts that may
be harmful in T2DM, such as fusobacterium
nucleatum and ruminococcus gnavus can
elevate several inflammatory cytokines, albeit
in  different inflammatory  disorders.
According to the review, ruminococcus,
fusobacterium, and blautia have a positive

relationship with type 2 diabetes [6].

One (5%) patient in the control group and
none of the Tz2DM
fecalibacterium prasunitzii. Fisher's exact test

patients  had

P value for the proportional difference was
determined to be 0.488, indicating that it was
statistically insignificant. In four out of five
human case-control studies, it was discovered
that F. prasunitzii was negatively associated
with T2DM [22-26]. Bifidobacterium was seen
in 2 (10%) patients in the control group and in
none of the patients in the T2DM group. The
proportional difference was found to be
statistically not significant (Fisher’s exact test,
P value=0.232). Bifidobacterium appears to be
the genus most consistently supported by the
literature as the one  harbouring

microorganisms  potentially  protective
against T2DM, according to a review by

Gurung M et al [6]. Moreover, akkermansia

Porwal V | Volume 5; Issue 1 (2024) | Mapsci-JEMR-5(1)-035 | Research Article
Citation: Porwal V, Jain H, Maseeh A. Association of Gut Microbiota with the Incidence of Metabolic Syndrome among

Type 2 Diabetes Mellitus Patients. ] Endo Metabol Res. 2024;5(1):9-18.

DOI: https://doi.org/10.37191/Mapsci-2582-7960-5(1)-035




mucinphila was identified in 7 (35%) patients
only in the control group of P value=0.003.
The prevalence of akkermansia mucinphila
was significantly higher in control group
patients. In studies conducted by Zhang X
[22] and Greer [27], the negative association
between the abundance of this bacterium and
T2DM has been reported in human studies.

Lactobacillus was noted in 3 (15%) patients in
the control group and 4 (19%) of the patients
in the T2DM group. The proportional
difference was statistically not significant
(Fisher’s exact test, P=0.529). The mean of
these parameters when compared between
the presence or absence of lactobacillus were
found to be statistically not significant
(P>0.05), which shows that the biochemical
and inflammatory parameters are not affected
by the presence or absence of lactobacillus.
Gurung M claimed that when taking into
account all association studies, including
those that examined changes following
treatments, the lactobacillus genus provides a
complex situation of seemingly contradictory
results [6].

However, in five out of six studies, cross-
sectional investigations comparing patients
and controls found a connection between the
abundance of this species and T2DM [28-32].
Bacteroides fragilis was seen in 10 (50%)
patients only in the control group with a
statistically significant P value=o0.001. The
prevalence of bacteriodes fragilis was
significantly higher in control group patients.
Since over-expression of this cytokine in the
muscle protects against age-related insulin
resistance. Dagdeviren S et al. hypothesized
that induction of IL-10 by species of roseburia
intestinalis, bacteroides fragilis, akkermansia

muciniphila, lactobacillus plantarum, and L.
casei may improve glucose metabolism [33].
Blautia was seen only in 10 (47.6%) patients in
the case group of P=0.001. The prevalence of
blautia was significantly higher in T2DM
patients. In three of the four cross-sectional
investigations for T2DM, the Blautia genus
was shown to be more prevalent in illness
groups [22,34-36]. E. coli was seen in 20
(100%) patients in the control group, and in
20 (95.2%) patients in the T2DM. The
proportional difference was statistically not
significant (Fisher’s exact test, P=0.512).

In addition, lymphocytes were found to be
significantly higher in a patient in whom E.
coli was absent in comparison to the patients
in whom E. coli was present (P=o0.001), while
the rest of the parameters when compared
between the presence or absence of E. coli
were found to be statistically not significant
(P>0.05). E. coli presence had a significant
effect only on lymphocytes, while the rest of
the parameters were not affected by its
presence.

The results of E. coli cannot be considered
accurate, as there was only 1 patient in whom
E. coli was absent which reduces the
reliability of statistical analysis. In the control
group, metabolic syndrome was seen in 4
(20%) patients and in the case group, it was
seen in 19 (90.5%) patients. The proportional
comparison was found to be statistically
significant (Fisher’s Exact Test P=0.001). The
prevalence of metabolic syndrome was
significantly higher in the T2DM group than
in the control group. In Type 2 Diabetes,
metabolic syndrome was not present in 2
patients, while it was present in 19 patients.
Even though there were large proportional
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differences between the presence and
absence of metabolic syndrome in each
organism, the comparisons did not reach
statistical significance (P>0.05).

A study conducted by He Y provides evidence
concerning the relationship between gut
microbiota and metabolic diseases. This study
discovered a positive correlation between
metabolic disorders and fusobacterium, a
significant colonic carcinogenic bacterium,
suggesting that this bacterium may
contribute to both metabolic disorders and
colon cancer. After adjusting for the
consumption of pre-, pro-, and synbiotics,
lactobacillus was found to be positively
associated with metabolic disorders, which is
consistent with earlier reports that this
bacterium is enriched in obese patients as
well as in patients with type 2 diabetes,
metabolic syndrome, stroke, and rheumatoid
arthritis. Similarly, it has been discovered that
bifidobacterium had a favorable correlation
with FBG [37].

Strengths of this study

To the best of the author’s knowledge, this
was the first study conducted by determining
the gut microbiome of biochemical &
inflammatory markers in type 2 diabetes
patients and evaluating the outcomes of
metabolic  syndrome  concerning the
composition of gut microbiota. Further, it was
confirmed that gut microbiota species such as
rumonicoccus, fusobacterium, and blautia are
present only in type 2 diabetes patients. In
addition, there was an increased risk of
metabolic syndrome and lipid profile
biomarkers elevation among the type 2

diabetes group.

Limitations and future recommendations

Our study had a few limitations such as a
smaller sample size compared to other similar
studies and was conducted in a single center
only. So, a multi-center study with a large
sample size, of different ethnicity and dietary
patterns might provide more specific results.

Conclusion

This study concluded that the gut microbiota
was found to be significantly different in
diabetics when compared to non-diabetics
and helped to identify the bacteria that were
crucial in the development of diabetes and
differentiate them from the bacteria that
played a protective role against diabetes.
Moreover, the cases had significantly elevated
inflammatory markers, and derangement of
lipid profile was also found to be significant
which further indicates the possible role of
gut microbiota in the creation of a state of
chronic inflammation in these patients that
ultimately leads to insulin resistance and
development of type 2 diabetes mellitus.
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