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KEYWORDS ABSTRACT

Colectomy; Colectomy is an invasive procedure indicated for various colon diseases. Surgical
resection of the colon potentially affects glucose metabolism. The intestine secrets
different hormones during digestion and controls absorption and metabolism of
nutrients. There are gut-associated factors involved in glucose homeostasis. These
Type 2 diabetes mellitus; include incretins, cholecystokinin, short-chain fatty acids, and non-esterified fatty
acids. Type 2 diabetes mellitus (T2DM) is a major health problem with a constantly
and dramatically increasing incidence and prevalence. In this review, the role of
colon secretions and their cross-talk with gut microbiota in glucose metabolism and
the pathophysiological aspects of alterations in bacterial endotoxin level, bile acid
Article Info metabolism, and gut hormone secretion were highlighted. We have also noted the
potential complications of colectomy in terms of glucose metabolism and
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Gut microbiota
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Introduction

Studies have shown a significant increase in type 2
diabetes mellitus (T2DM) among adults and
adolescents (1). In 2013, approximately 382 million
diabetic patients were diagnosed worldwide. This
population is estimated to be more than 590 million by
2035 (2).

Due to the multifactorial nature of T2DM, its
pathogenesis is still poorly understood (3). This
disease is a metabolic disorder resulting from
hyperglycemia and subsequent insulin resistance (IR)
(4). Although genetics play a crucial role in
contributing T2DM, the main Predisposing factors,
including overeating, a sedentary lifestyle and ageing,
are environmental (5, 6).

Patients with T2DM often develop hypertension and
dyslipidemia, which bring up macrovascular
complications (e.g., congestive heart failure) (7). In
addition, chronic hyperglycemia in T2DM gives rise
to  microvascular ~ complications, including
nephropathy, neuropathy, and retinopathy, which
ultimately lead to renal failure, muscle weakness, and
visual impairment, respectively (7-9).

The colon modulates glucose metabolism through
various  mechanisms  (10-14). It  secretes
cholecystokinin, affecting B cell proliferation and
insulin secretion (15-17). It also affects glucose
metabolism through its microbiota (18).
Gram-negative bacteria possess a factor called
lipopolysaccharide (LPS) on their outer membrane.
LPS can cause inflammation and aggravates
metabolic disorders such as T2DM (18).

In addition, the gut microbiota (GM) produces
several metabolites such as short-chain fatty acids
(SCFA). SCFAs induces the secretion of glucagon-
like peptide-1 (GLP-1), leading to insulin release
(19). Therefore, partial or total resection of the
colon, which is called "colectomy"”, can have
extensive impact on the glucose metabolism.
Colectomy is performed through open or
laparoscopic surgery for treating several colon
diseases such as familial adenomatous polyposis,
Crohn’s disease, ulcerative colitis, and colon cancer
(Figure 1) (20, 21) (22).

Studies have shown that pre-existing T2DM
influences the outcome of various surgical
procedures (23). T2DM has been associated with an
increased risk of complications such as surgical site
infection following colectomy (24). Mortality rates
have also been higher among T2DM patients
undergoing colectomy (25).
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Furthermore, some evidence suggests an increased
risk of T2DM following colectomy (26). However,
some studies have failed to show this association (27).
Thus, the relationship between diabetes and
colectomy is still unclear. This review aims to
highlight the association between colectomy and
T2DM and its related clinical data, which leads to a
better understanding of their connection.

Cholecystokinin

Cholecystokinin (CCK) is a gut hormone produced in
the small and large bowel, significantly contributing
to glucose regulation. There are two main receptors
for CCK, including cholecystokinin A receptor
(CCKAR, also known as CCKIR) and
cholecystokinin B receptor (CCKBR, also known as
CCK2R). CCKBR mediates the impacts of CCK on
glucose homeostasis in the pancreas. It has been
shown that CCK stimulates glucagon release from
human pancreatic Langerhans islets in vitro. In
rodents, CCK stimulates insulin secretion in a
glucose-dependent manner.

Moreover, infusion of CCK-8, which contains eight
amino acids, increases insulin concentration in the
plasma and reduces glucose excursion after ingesting
meals in healthy and T2DM subjects (15, 16). CCK
also exerts proliferative effects on the B cells of the
pancreas (28). Rushakoff et al. have shown that meal-
induced elevation in CCK levels is higher in control
subjects than diabetics. This suggests that T2DM is
linked to impaired secretion of CCK (17).

Gut microbiota in metabolism and glucose
homeostasis

The GM is a collection of microorganisms in the
gastrointestinal (GI) tract. Bacteroides and firmicutes
are the most common phyla in human GM (29). The
GM contributes in glucose homeostasis, metabolism
of carbohydrates, production of several metabolites
(e.g., SCFAs), bile acid metabolism, maintaining
intestinal barrier integrity, and immune system
maturation (30). Factors such as dietary patterns,
medications, and mode of delivery (cesarean or
vaginal) can influence the composition of GM (Figure
1) (31, 32).

Disruption of the GM composition is called
“dysbiosis” (31). Recently, the role of dysbiosis in the
development of metabolic disorders such as obesity,
IR, and type 1 and type 2 diabetes has gained attention
(11). The composition of GM in patients with
metabolic disorders like T2DM is different from
healthy individuals (33). Moreover, changes in the
GM content are related to IR development in humans
and animals (34-36).
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Figure 1. How gut microbiota (GM) composition affects metabolism and glucose homeostasis: a) Lipopolysaccharide ~ (LPS)  once
translocated from the gut to the blood attaches to toll like receptor 4 and initiates inflammatory reactions related to the development of
obesity and diabetes mellitus. GM prevents this by producing metabolites such as short chain fatty acids (SCFAs) that help maintain
intestinal barrier integrity. b) GM plays an important role in bile acid (BA) metabolism and maintaining BA pool size/composition. Total
serum BA affects the takeda G protein-coupled receptor 5 (TGR-5) receptors on intestinal cells stimulating glucagon-like peptide-1 (GLP-
1) hormone secretion. GLP-1 along with peptide tyrosine tyrosine (PYY) and leptin stimulate insulin secretion and satiety following food
intake. Therefore, a decrease in GLP-1 (and PYY) can be linked to obesity and high serum glucose levels.c) =~ GM metabolizes dietary
fibers (DF) into SCFAs. SCFAs (in addition to preserving intestinal barrier integrity) activate GPR43 and GPR41 receptors on intestinal cells,

“ Blood vessels

leading to the secretion of GLP-1 and PYY hormones.

Although a growing body of literature has
investigated the relationship between dysbiosis and
metabolic disorders, its exact mechanism is still
uncertain  (37). Some mechanisms by which
dyshiosis can promote metabolic disorders include
alterations in LPS levels, intestinal barrier integrity,
metabolite levels, BA metabolism, and gut hormone
secretion (11, 29, 38, 39).

Alterations in LPS levels

LPS, mostly known as endotoxin, is a significant
constituent of the outer membrane of gram-negative
bacteria (18). It attaches to toll-like receptor 4
(TLR-4) and initiates inflammatory reactions (18).
Metabolic disorders such as obesity and T2DM
have been linked to chronic low-grade
inflammation, which might be partially due to the
translocation of LPS from the gut to the blood (12,
13).
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Reports have suggested that a high-fat diet in mice
causes dysbiosis by increasing the number of gram-
negative bacteria, leading to elevated LPS levels and
low-grade inflammation (12, 40). Additionally, in
humans, high levels of circulating LPS due to the
absorption of endotoxins from the gut (i.e., metabolic
endotoxemia) have been associated with T2DM (41).
Higher LPS levels in patients with TIDM or T2DM
have also been evidenced (42, 43).

In addition, GM produces several metabolites, such
as SCFA, which are beneficial to the health of
epithelial cells and the normal gut barrier (44). Thus,
GM maintains intestinal barrier integrity and prevents
harmful components like LPS from translocating into
the blood (44). Dysbiosis gives rise to the impairment
of the intestinal barrier or "leaky gut," which is
another factor that causes high levels of LPS or
metabolic endotoxemia in T2DM patients (45, 46). In
one study, six months of exercise resulted in changes
in gut composition, which improved intestinal barrier
function in patients with T2DM (47).
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Alterations in bile acid metabolism

Bile acid (BA) is synthesized by hepatic cells from
cholesterol and assists digestion and absorption of
dietary lipids (48). GM is responsible for
maintaining BA pool size, composition, and
metabolism, by transforming it into secondary BA,
consisting of deoxycholic acid and lithocholic acid
(49, 50). Recently, evidence has indicated BA's
signaling function by attaching to farnesoid X
receptor and Takeda G protein-coupled receptor 5
(TGR-5) (51). These two receptors, expressed
mainly on hepatocytes, play a key role in BA, fatty
acids, and carbohydrate metabolism (51). Total
serum BA also impacts post-prandial glucose levels
by acting on TGR-5 receptors on enteroendocrine
cells and stimulating GLP-1 secretion (52).

Interestingly, a human study showed altered GM
and decreased levels of BA in fecal samples of
T2DM patients (50). Furthermore, studies have
shown antimicrobial properties for BA by
destructing bacterial cell membranes and preventing
bacterial overgrowth (48, 53). A high-fat diet can
alter GM, resulting in a high number of bile-
resistant bacteria, and bacterial overgrowth in the

gut (48).

Alterations in gut hormone secretion

The Gl tract plays a crucial role in lipids and
carbohydrates metabolism, appetite, and digestion
by secreting hormones such as GLP-1, leptin,
ghrelin, and PYY (11). GLP-1, PYY and leptin are
also associated with insulin secretion and satiety.
Hence, decreased levels of GLP-1 and PYY might
be linked to obesity and high serum glucose level
(54). Studies have revealed that GM regulates Gl
hormone secretion (55). GM metabolizes otherwise
non-digestible dietary fibers (DF) into SCFA (50).
SCFAs, mostly consisting of butyrate, acetate, and
propionate, are the main metabolites produced in the
large intestine(56). SCFAs are influential in the gut
and host metabolism (57). They activate the G-
protein coupled cell receptor 43 (GPR-43) and 41
(GPR-41) (58), also known as free fatty acid
receptor 2 (FFAR-2) and 3 (FFAR-3) (59), which
are involved in the regulation of lipid and glucose
metabolism. These receptors are on the
enteroendocrine L-cells in the colon. Their
activation results in the secretion of peptide tyrosine
(PYY) and GLP-1, which are gut-derived satiety
hormones (60). Additionally, SCFA affects the
metabolism and function of peripheral tissue and
organs. As a result, SCFA contributes to the
hemostasis in glucose and lipid metabolism (57).
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It is well known that increased SCFA production has
a great effect on immune and inflammatory function
in the colon, mainly through influencing the mucosal
secretion of IgA (61) and generating regulatory T
cells (Treg) (62, 63). Beyond their side of production,
SCFAs can influence immune and inflammatory
responses in peripheral tissues (61, 64, 65).
Supplementing naive T cell cultures with propionate
increases Treg development and lowers the expansion
of inflammatory Th17 cells (65). Long-term colonic
propionate delivery improves glucose homeostasis by
suppressing low-grade systemic inflammation that
accompanies obesity (66). IL-8 is a chemokine that
induces migration of macrophages and neutrophils to
sites of inflammation. It contributes to the
proinflammatory properties of metabolic syndrome.
This chemotaxis can impact processes that impede
insulin signaling (67, 68). Studies have associated
high levels of IL-8 with elevated IR in humans (68,
69). Propionate suppresses IL-8 expression (70). A
randomized control trial showed that in T2DM
patients, consumption of DF increased SCFA-
producing bacteria, which lowered the hemoglobin
AI1C levels in the participants by increasing GLP-1
levels (19).

Dietary fibers intake regulates the activity and
composition of the GM (71). Increasing the intake of
DF has been associated with increased production of
SCFA acetate, butyrate, and propionate, which
improve insulin sensitivity in the whole body (72,
73). It has been suggested that SCFAs affect receptor-
mediated mechanisms and metabolic pathways in
numerous organs and tissue sites (60). In-vitro studies
have suggested that FFAR-2 is expressed in human
islets, and as mentioned previously, SCFAs function
as ligands for GPR, FFAR3, FFAR2, and GPR109a.
Propionate-mediated signaling enhances glucose-
stimulated insulin release and protects § cells from
apoptotic stimuli (74, 75).

Fecal microbiota transplant in metabolic
disorders

Recent evidence suggests that GM of patients with
metabolic disorders differs from healthy individuals
(14). Attempts have been made to modify these
patients’ GM by implementing fecal microbiota
transplant (FMT) (14). Previously, this method had
been used to treat patients with Clostridium difficile
infection (76). In this technique, the fecal microbiota
of a healthy individual is transplanted into the
patient's gut (33). In an animal study, FMT improved
IR in diabetic mice, which might be a promising
treatment for T2DM (33).
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In a randomized control trial, patients with new-
onset TIDM received FMT, which halted the
decline in insulin secretion and disease progression
(77). A group of studies has shown that subjecting
mice to a gut microbial transplant improves
glycemic control and body composition by
promoting the production of cecal propionate (78,
79).

Colectomy

Colectomy is the surgical removal of the colon (20).
Based on the resected segment, colectomy is
divided into total, subtotal, right or left
hemicolectomy, proctocolectomy, and segmental
colectomy (80, 81). Laparoscopic and open surgery
are the two main methods of colectomy (82).
Rectal/colon cancer, diverticular disease, trauma,
and inflammatory bowel disease (such as ulcerative
colitis and Crohn's Disease) are some of the
indications of colectomy (20, 82).

Clinical findings
Colon cancer is one of the most common cancers
diagnosed in the United States and worldwide, with
a poor prognosis and a high risk of recurrence.
Colectomy has been an effective treatment for colon
cancer for many years. Nevertheless, this invasive
treatment has been associated with some
complications, which can be minimized by the
identification of the underlying factors.
Diabetes, which affects about 9.3 percent of the
global population (83), has been recognized as a
contributing factor to the poor prognosis of various
types of surgeries and other invasive treatments
(23). It has been proven that different types of stress
can disrupt insulin secretion and the hyperglycemic
status of a diabetic patient by impairing some
hormonal mechanisms and cytokine pathways.
Thus, the risk of infection, other post-operative
complications, and homeostatic disturbances,
increase (84-87).
On the other hand, T2DM patients with high post-
prandial glucose levels have abnormal intestinal
normal flora (INF). It is not clear whether T2DM
contributes to the formation of this combination of
INF or whether the presence of this type of
microbiota itself is a predisposing factor for
diabetes. To date, however, few studies have been
conducted on the relationship between colectomy
and the risk of T2DM. In a retrospective study,
Jackson et al. investigated the association of
hyperglycemia with general surgery consequences
among 9,638 surgeries. They found that mortality
was higher among diabetic or pre-diabetic patients
undergoing colectomy than in non-diabetic patients,
with the leading cause of death among all patients
being myocardial infarction (25).
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A descriptive analysis of data from 169,325 patients
by Ramsey et al. revealed that patients with insulin-
dependent diabetes mellitus and, to a lesser extent,
patients with non-insulin-dependent diabetes mellitus
were more likely to have an adverse clinical outcome
after colectomy than the control population. Most
complications among diabetic patients encompassed
post-operative infections (sepsis, pneumonia, and
urinary tract infections), readmission, and reoperation
(24).

A study evaluating the effect of comorbid diabetes on
the short-term complications following colectomy
showed that uncomplicated diabetes mellitus reduces
the post-operative mortality compared to the control
as well as the risk of post-operative complications. In
contrast, patients with diabetes mellitus accompanied
by other complications such as hypertension have
worse outcomes than the control population (88).

In a meta-analysis of the data of a total number of
666,886 patients, Tan et al. found that colorectal
surgery in patients with diabetes mellitus was
associated with a higher risk of complications such as
surgical site infections (SSl), anastomotic leak,
urinary problems, and readmission. At the same time,
there was no significant increase in risk for other
complications such as sepsis, reoperation, and in-
hospital mortality (89).

On the contrary, a retrospective cohort study that
included 218,534 patients reported that patients with
diabetes have a reduced mortality rate and fewer side
effects after colectomy than non-diabetics. However,
they did not observe a significant protective effect of
diabetes on colorectal cancer surgery in uninsured or
younger patients (90).

Ziegler and colleagues showed that although diabetes
does not affect the development of an anastomotic
leak, in people with diabetes who had an anastomotic
leak, the mortality rate increases up to 4 times
following colectomy compared to the population
without diabetes. However, they also emphasize that
in non-diabetic patients, hyperglycemia may be
associated with an increased risk of post-operative
mortality (91).

In another study on 533 cases of colorectal cancer,
Flynn et al. showed that some comorbidities like
T2DM are not related to severe post-operative
complications following colectomy (92).

Examining 46,279 colectomy cases showed that some
patients undergoing colectomy had an increased risk
of T2DM compared to patients undergoing other
surgeries. Of note, this observation was more
significant among people who underwent surgery on
the left side of the colon. Although they
acknowledged insufficient evidence, they also
claimed that a colectomy of the left side of the colon
could be considered influential in enhancing the risk
of developing T2DM (26).
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Recently, in a population-based cohort analysis (on
a total number of 642 patients), Wu et al. showed
that Colectomy (mainly transverse and right colon
colectomy) in non-cancerous patients could be
considered efficacious in reducing the risk of
developing T2DM (27).

However, few studies have been conducted on the
relationship between colectomy and either pre- or
post-operative T2DM, and existing data are
inconclusive due to a lack of sample size and
information consistency in different study outcomes
(Table 1). Nonetheless, given the evidence, there
may be a possible link between diabetes and
colectomy post-operative complications, which
requires more extensive and detailed controlled
research to prove this possibility.

Conclusion

Diabetes is a significant health problem, and its
incidence is dramatically increasing. Some studies
suggest an increased risk of T2DM following
colectomy. This might be associated with altered GM
and changes in gut hormone secretion. Additionally,
the association between diabetes and different types
of colectomies needs to be validated. A cohort study
concluded that the risk of T2DM decreases primarily
with right hemicolectomy or transverse colectomy.
This might suggest that the composition of GM is not
homogenous throughout the colon. Thus, the data on
the relationship between T2DM and Colectomy is
inadequate, and more work is needed to establish any
assumptions.

Table 1. Studies that have shown the association between colectomy and type 2 diabetes.

Number and
Author/ year type of Type of the
(ref) Type of study satiareaR SR Results Outcomes
controls
Case: 642 The patients
patients that . underwent
Thereis a
underwent : colectomy,
negative )
colectomy for ; s particularly
: Laparoscopic or  association :
Wu et al. Retrospective non-cancerous . right or
Laparotomic between
2021 (27) cohort causes transverse
colectomy colectomy and
Control: 2568 : colectomy, had
: the risk type 2 Z
patients g decreased risk
! diabetes. :
without for developing
colectomy type 2 diabetes.
Case: 46279
atients that Thereis a .
Enderwent ositive Ehesiskofype
P i 2 diabetes
; colectomy ; association ;
Jensen et al. Retrospective Laparotomic increased after
2018 (26) cohort Comitral colectomy ketween colectomy,
694110 colectomy and . 3
J : particularly left
patients who the risk type 2 :
. hemicolectomy.
underwent diabetes.
other surgeries
: : Colect i
171 patients There is no olec omy 'S
: R not associated
with type 2 2 significant 3
- . Laparoscopic or . with long-term
Punchai et al. ; diabetes who : association ;
Cross-sectional Laparotomic changes in
2020 (93) underwent between .
colectomy body weight or
colectomy for colectomy and :
. . . glycemic
benign diseases diabetes
control.
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