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Abstract

BACKGROUND

Colorectal cancer ranks third in global cancer prevalence and stands as the second
leading cause of cancer-related mortalities. With obesity r&ognized as a pivotal risk
factor for colorectal cancer, the potential protective role of bariatric surgery, especially
laparoscopic Roux-en-Y gastric bypass (LRYGB) and laparoscopic sleeve gastrectomy

(LSG), has garnered attention.

AIM
To investigate the Roux-en-Y gastric bypass (RYGB) vs sleeve gastrectomy (SG) effect on

colorectal cancer incidence in obese individuals.

METHODS

A systematic review and meta-analysis of the literature was conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).
Seventeen studies with a total of 12,497,322 patients were included. The primary
outcome was the relative risk (RR) of developing colorectal cancer in obese patients
who underwent weight loss surgery compared to those who did not. Secondary
outcomes included determining the RR for colon and rectal cancer separately and

subgroup analyses by gender and type of weight loss surgery.




RESULTS a

The meta-analysis revealed a 54% reduction in olorectal cancer risk in morbidly obese
patients who underwent bariatric surgery compared to those who did not. A significant
46% reduction in colorectal cancer risk was observed among female patients. However,

no significant differences were found in the meta-analysis for various types of bariatric

surgery, such as SG and RYGB.

CONCLUSION
This meta-analysis reveals weight loss surgery, regardless of type, reduces colorectal
cancer risk, especially in women, as indicated by RR and HR assessments. Further

validation is essential.

INTRODUCTION

Obesity is a multifaceted disease influenced by genetic, behavioral, socioeconomic,
and environmental factors. These factors contribute to an elevated risk of morbidity and
mortality from several debilitating conditions. Obesity increases the risk of a wide range
of chronic cﬁeases, from diabetes and dyslipidemia to mental health conditions. It has a
significant impact on the risk of stroke, cardiovascular disease, certain cancers, and
osteoarthritis. Worldwide, the rising prevalence of obesity presents substantial
challenges to both chronic disease prevention and health promotion [1. Given its global
impact, the World Health Organization (WHO) defines obesity in Western populations
as a body mass index (BMI) of = 30 kg/m?, while a BMI of > 25 kg/m? is considered
overweight. In the United States, 64.5% of adults are categorized as overweight and
30.5% as obese 2. Data indicates that, relative to individuals with a normal BMI range
(18.5-24.9 kg/m?), the mortality rate from various causes is markedly higher among the
obese population, with cardiovascular diseases as the leading causel®.Although the
overall BMI of Asian populations is lower than that of Western populations, Asians

tend to exhibit central obesity. Thus, using a BMI > 30 kg/m? as the threshold for




diagnosing obesity in Asian populations may underestimate the risks associated with
obesity, leading the WHO expert committee to define a BMI > 25 kg/m? as the threshold
for obesity in Asian populationsl®l. Female obesity rates are generally higher than male
rates, and there are gender differences in body fat distribution!5l.

Previous reviews have indicated that, compared to individuals with normal weight,
obesity increases the risk of developing colorectal cancer by 7% to 60%, with some
studies suggesting a stronger association between obesity and colon cancer than rectal

cerl®l. According to research by A. A. Moghaddam, there is a direct and independent
relationship between obesity and colorectal cancer. For every 2 kg/m? increase in BMI,
the risk of colorectal cancer increases by 7%. A 2 cm increase in waist circumference is
associated with a 4% increase in colorectal cancer risk. The association between obesity
and colorectal cancer accounts for approximately 20% of the total risk. The risk for men
is 1.41 (95%CI, 1.3-1.54), and for women, it is 1.08 (95%CI, 0.98-1.18) (P heterogeneity
<0.001). It is estimated that 6% of all cancer diagnoses in 2007 (4% for men and 7% for
women) can be attributed to obesity. Obesity is not only a major risk factor for diabetes
but also for most cancers. For a long time, it has been believed that obesity is associated
with an increased risk of esophageal, colon, pancreatic, postmenopausal breast,
endometrial, and kidney cancersl”l.

Weight loss surgery can reduce the incidence of obesity-related tumors, particularly
in female patients. An Australian study with over 65,000 patients and a follow-up of up
to 15 years found that the risk of colorectal cancer in male obese patients decreased by
nearly 50% after weight loss surgery. Numerous clinical studies have confirmed that the
reduction of insulin levels after weight loss surgery can reduce the risk of developing
colorectal tumors!®l.

Common weight loss surgeries include laparoscopic sleeve gastrectomy (LSG),
Roux-en-Y laparoscopic gastric bypass (LRYGB), laparoscopic adjustable gastric
banding (LAGB), and other novel procedures. RYGB, originally proposed by Wittgrove
et al, alters the digestive tracts pathway to reduce absorption and is a complex, high-risk

procedure with numerous postoperative complications, involving the alteration of




gastrointestinal anatomyl’l. RYGB is more complex and has more complications than
LSG, but for patients with type 2 diabetes mellitus (T2DM) unresponsive to medical
treatment, RYGB is the preferred option. RYGB is also the gold standard for revision
surgery in patients with postoperative weight regain or complications, such as high
gastric leaks and severe reflux esophagitis. LRYGB is safe and effective in treating
obesity and type 2 diabetes, and there is a correlation between BMI, blood glucose
levels, and quality of life before and after surgeryl10. 111,

Due to its significant effects on weight loss and metabolic improvement, LSG has
gained widespread application in the field of bariatric surgery. This surgical procedure
is known for its simplicity, reduced surgical risks, and lower incidence of postoperative
complications. LSG has remarkable weight loss and metabolic improvement effects.

The findings from these studies prompt an essential inquiry: Is the incidence of
colorectal cancer lower in obese patients who undergo weight loss surgeries like
LRYGB and LSG compared to those who opt against such procedures? Furthermore, do
gender differences play a significant role in this issue, and are there any differences
when choosing between RYGB and sleeve gastrectomy (SG) procedures? This meta-
analysis seeks to discern the influence of weight loss surgeries on the colorectal cancer
risk among obese individuals. Earlier meta-analytic studies have documented a
decreased cancer risk following weight loss surgery. However, those studies
encompassed research with considerable variances in follow-up durations and lacked
speciéc analyses to address this bias. Therefore, our research objective is to conduct a
new meta-analysis to elucidate the specific impact of weight loss surgery on the risk of

colorectal cancer in obese patients.

MATERIALS AND METHODS

We conducted a systematic review of the literature following the guidelines for the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) and
Assessing the Methodological Quality of Systematic Reviews (AMSTAR)['2l and Meta-

analysis of Observational Studies in Epidemiology (MOOSE) recommendations. This




study does not require ethical approval or informed consent, as all data were retrieved
from published literature. The search, eligibility assessment, data extraction, and quality
evaluation were independently performed by four researchers. Any disagreements

were resolved through discussion, with consensus required among the four researchers.

2.1 Search strategy

We searched PubMed, Embase, Web of Science, and Cochrane Library up to April
30, 2023, without imposing any time restrictions. We specifically adapted vocabulary
and syntax for each database. We used computerized searches of the PubMed database
with the following keywords: obesity, obesity and cancer, colorectal cancer, weight loss
surgery, gastric bypass, and sleeve gastrectomy. We did not impose any language
restrictions. We also manually screened the reference lists of relevant articles to identify
other potential records. In our search strategy, we included studies and previous
reviews on the topic, screening their references according to the selection criteria to find

more related studies.

2.2 Selection criteria

In adherence to PRISMA guidelines, we employed the Population, Intervention,
Comparison, Outcome, and Study design (PICOS) framework to determine study
eligibility: Population (P): Adult individuals (= 18 years old) diagnosed with morbid
obesity, followed up for at least three years to investigate the incidence of colorectal
cancer.

Intervention (I): Weight loss surgery.

Comparison (C): Simple observation or any behavioral or pharmacological
treatment.

Outcome (O): Risk of developing colorectal cancer during the follow-up period.

Study design (S): Retrospective and prospective comparative studies with at least

ten patients in each group.




2.3 Exclusion criteria

Studies were excluded if they did not involve a comparison of colorectal cancer risk
between obese patients who underwent or did not undergo weight loss surgery, did not
provide specific indicators or metrics for evaluating colorectal cancer risk, the full text

was not accessible, or the study was not in English.

2.4 Systematic review process

In the first step, 1399 articles were identified through literature searches. Duplicate
entries found across different databases were removed using Mendeley reference
software (Mendeley Ltd., London, UK). Then, the titles and abstracts of 713 records

were screened using a filtering table created to guide study selection.

2.5 Quality assessment

We assessed the quality of the included studies using the Newcastle-Ottawa Scale
(NOS)3l, This scale consists of three domains: selection, comparability, and
outcome/exposure, with a maximum score of 9 points. Two evaluators assessed the
following nine NOS sections: representativeness of the exposed cohort, selection of the
non-exposed cohort (selection bias); ascertainment of exposure, demonstration of the
outcome, comparability of cohorts (comparability bias); assessment of the outcome,
sufficient follow-up time, adequacy of cohort follow-up (outcome bias). Scores of 0-3, 4-

6, and 7-9 represent low, medium, and high study quality, respectively.

2.6 Data extraction and assessment of included studies

A computerized electronic spreadsheet (Microsoft Excel 2021; Microsoft
Corporation, Redmond, Washington, USA) was used to collect information regarding
study design and methods, participant demographics and baseline characteristics,

obesity treatment details, colorectal cancer outbreak risk, and survival.

2.7 Primary and secondary endpoints




The primary outcome was expressed as the relative risk (RR) of developing
colorectal cancer in obese patients who underwent weight loss surgery compared to
those who did not. In the same subset, secondary outcomes included determining the
RR for colon cancer and rectal cancer separately. Additionally, subgroup analyses were
performed, considering the RR of colorectal cancer (CRC) for males and females
separately, and depending on the type of weight loss surgery performed (LSG vs.
RYGB). Finally, we determined the hazard ratio (HR) for developing colorectal cancer

in obese individuals who underwent or did not undergo weight loss surgery.

2.8 Statistical analysis

We assessed study heterogeneity using chi-square statistics and quantified it with
the 12 statistic. An 12 value of 0% suggests no observed heterogeneity, whereas an 12
value greater than 50% points to significant heterogeneity, while an 12 value > 50%
indicates significant heterogeneity. We standardized the relative risk in each article and
combined them using a random-effects model. We conducted sensitivity analyses to
assess the robustness of our findings and to pinpoint any individual studies that might
influence the overall effect size. This analysis involved sequentially removing each
study from the meta-analysis and recalculating the overall effect size, checking whether
the point estimate of the overall effect remained within the 95% confidence interval of
the initial combined effect. Publication bias was examined using funnel plot symmetry
and Egger's test in meta-analyses with ten or more eligible articles. If the funnel plot
appeared asymmetrical, we evaluated if the assumption of unpublished negative
studies, attributable to publication bias, had a significant impact on the effect estimate.
In all statistical tests, two-sided P values < 0.05 were considered statistically significant.
We used STATA version 17 (StataCorp, College Station, TX, USA) to analyze the data

from randomized controlled trials that met our inclusion criteria.

RESULTS




As depicted in Figure 1, our quantitative and qualitative analyses encompassed 17

studies 14301, A total of 12,497,322 patients were analyzed in the meta-analysis (Table 1).

3.1. Colorectal cancer

Preliminary results were sourced from 17 studiesl'4+3l The risk of developing
colorectal cancer during the follow-up period was reduced by 54% (RR: 0.46, 95%ClI:
0.32-0.67, p<0.01, 12=97.8%) in morbidly obese patients who underwent bariatric surgery
(BS) (Figure 2). Due to the high degree of heterogeneity, a sensitivity analysis was
performed (Figure 3). Four studies 2! 22 25 30| yere identified as primarily responsible
for this heterogeneity, but their exclusion did not consistently reduce the heterogeneity;
the advantage remained prominent for obese individuals with a history of BS (RR: 0.57,
95%CI: 0.47-0.69, P = 0.0001, 12=75%). Only three studies separately reported data on
colon and rectal cancer(l4 22 29: for colon cancer, the meta-analysis showed a trend
favoring BS patients, though ot significant (RR: 0.75, 95%CI: 0.46-1.21, P = 02444,

12=89%). Similarly, considering rectal cancer, there was no apparent trend in favor of BS

patients (RR: 0.74, 95%CI: 0.4-1.39, P = 0.3523, 1>=87%).

3.2. Subgroup analysis

We identified five studies from the literaturell> 18 20, 2 29 that reported CRC
incidence exclusively in males across both the BS and non-SUﬁical groups. Meta-
analysis showed a trend toward a reduced risk of CRC in males with a history of BS,
although not significant (RR: 0.74, 95%CI: 0.43-1.28, P = 0.2798, 12=96%). We found a
significant reduction in CRC risk (46%) in females with a history of BS (RR: 0.54, 95%CI:
0.37-0.79, P = 0.0014, 12=90%). We noted six studiesl!> 18.20,22,27, 29] that detailed female-
specific cancer incidence. Regarding the type of weight loss surgery, SG and RYGB
were the most common. The meta-analysis of binaryﬂ)utcomes from 4 studies [15 18,26,30]
showed no difference in CRC risk for patients with a history ofiG or RYGB (RR: 1.02,
95%ClI: 0.71-1.45, P = 0.8708, 12=43%). Only three studies [15 2630l Feported data following




laparoscopic adjustable gastric banding, and thus this technique was not included in the

meta-analysis.

3.3. Meta-Analysis of Hazard Ratios (HR)

We focused on articles that reported HR estimates for CRC development in obese
individuals, irrespective of their history of undergoing BSI'5 16 22.25 26,25, 29 " Although
there was a trend favoring the BS group (HR: 0.88, 95%CI: 0.69-1.12, P = 0.2974, 12=77%),
the meta-analysiSﬁf HR did not find significant estimates favoring either the BS or non-
surgical groups. However, after sensitivity analysis and exclusion of the study by
Mackenzie ef all?%], a significant reduction of 25% in HR was observed for obese patients

with a history of BS (HR: 0.75, 95%CI: 0.68-0.82, P = 0.005, I>=70.4%) (Figure 4).

3.4. Results of Quality Assessment

Using the Newcastle-Ottawa Scale (NOS), we evaluated the methodological quality
of each randomized controlled trial. Overall, 1 study scored 7 points, 15 studies scored 8
points, and 1 study scored 9 points. No studies were blinded, and there was no
evidence of concealed allocation. No apparent funding bias was found in any of the
studies. We found no studies with incomplete outcome data, premature stopping bias,

or imbalances at baseline. The risks of bias and corresponding ratios are summarized in

Table 2.

5
3.5. Results of Publication Bias
The funnel plot constructed from the observed studies showed symmetry, and no

significant publication bias was detected in the funnel plot (Figure 5).

DISCUSSION
Colorectal cancer is the third most common cancer worldwide and the second
leading cause of cancer-related deaths. By 2020, approximately 1.9 million new cases

and around 935,000 deaths were related to colorectal cancer[3!l. Obesity is a well-




established risk factor for colorectal cancer. For every 5 kg/m? increase in BMI, the risk

of colorectal cancer due to obesity rises by 24% in men and 9% in women.
Additionally, obesity is linked to a 47% heightened risk of colorectal adenoma (CRA),
implying its potential role in the initial stages of colorectal cancer progression.
Postoperative risk of CRC is anticipated to decrease following BS, a procedure
recognized for its ability to reduce inflammatory markers, mitigate genomic damage,
and enhance anti-tumor response [32l. With sustained weight loss and alleviation or
improvement of obesity-related comorbidities, BS is considered the most effective
method for treating morbid obesity and its associated medical issues.

In this study, we conducted a meta-analysis of 17 studies, encompassing 12,497,322
patients. Our findings highlight that morbidly obese patient who underwent BS
experienced a 54% reduction in CRC risk throughout the follow-up duration. Due to
high heterogeneity, a sensitivity analysis was performed. Although no significant
differences were found in the subgroup analysis of colon and rectal cancers, a 46%
reduction in CRC risk was observed among female patients. However, no significant
differences were found in the meta-analysis for various types of bariatric surgery, such
as SG and RYGB. Lastly, a meta-analysis of articles reporting HR estimates for
colorectal cancer in obese patients showed a significant 25% reduction in HR for those
with g history of BS after sensitivity analysis.

The results of this study demonstrate that bariatric surgery has a significant impact
on reducing the risk of colorectal cancer in morbidly obese patients. This aligns with
earlier research, underscoring the risk-mitigating effect of bariatric surgery on
colorectal cancer in those with obesity. Regarding gender disparities, our study
pinpointed a marked decrease in CRC risk in female patients’ post-bariatric surgery,
potentially stemming from the varying impacts_of obesity on colorectal cancer risk
between the sexes. Renehan et al. ®found that for every 5 kg/m? increase in BMI, the
risk of obesity-related colorectal cancer increased by 24% in men and 9% in women.
This suggests that female patients might derive greater benefits from bariatric surgery.

Regarding the types of bariatric surgery, no significant differences were found between




SG and RYGB in reducing the risk of colorectal cancer. This may suggest that both
procedures have similar effects on reducing the risk of colorectal cancer in obese
patients. In sum, our findings reinforce the beneficial role of bariatric surgery in
curtailing the risk of colorectal cancer for morbidly obese individuals, particularly
emphasizing its pronounced impact on females. This finding may help clinicians
develop more personalized treatment strategies to reduce the risk of colorectal cancer
in obese patients. Nonetheless, subsequent studies should delve deeper into the
enduring effects of varied bariatric surgical methods and investigate other potential
determinants.

By elucidating the role of bariatric surgery in reducing the risk of colorectal cancer
in morbidly obese patients, this study emphasizes the importance of proactive
intervention for obese individuals. Firstly, this research reveals the positive impact of
bariatric surgery on reducing the risk of colorectal cancer in obese patients, particularly
among female patients. This robustly advocates for the formulation of tailored
treatment strategies that cater to individual genders. Secondly, the study found that SG
and RYGB have similar effects on reducing the risk of colorectal cancer. This finding
helps clinicians make more informed decisions when selecting the most suitable
bariatric surgery for obese patients.

Lastly, the results of this study hold significant implications for clinicians and
patients. Grasping the influence of bariatric surgery on colorectal cancer risk enables
doctors and patients to judiciously evaluate the risks and benefits during treatment
planning, facilitating tailored medical interventions for obese patients. This study's
findings are pivotal in deciphering risk management for obese patients prone to
colorectal cancer, bolstering both the efficacy and personalization of clinical
treatments. Subsequent studies should delve deeper into the enduring impacts of
varied bariatric surgeries and explore other potential determinants affecting colorectal
cancer risk among obese patients.

Data from Hussan et al.[22l indicates that men have an increased risk of colorectal

cancer following weight loss surgery compared to women. In female patients, the risk




of CRC decreased following RYGB compared to the control group, but not following
SG. Our study found a significant 46% reduction in colorectal cancer risk among
female patients, but the incidence rate was not associated with either RYGB or SG
weight loss surgery. Bustamante-Lopez L, et al. specifically analyzed the impact of
bariatric surgery on early-onset colorectal neoplasia, concluding no significant impact
of bariatric surgery on Early-Onset Colorectal Cancer (EOCRC) riskl*®l. In contrast, our
study provided a broader perspective, revealing a significant 54% reduction in
colorectal cancer risk among morbidly obese patients undergoing bariatric surgery,
especially highlighting a 46% risk reﬁ\ction in females. Research highlighted in
Pararas et al. [3] suggests that type 2 diabetes is a component of metabolic syndrome in
morbidly obese patients and is an independent prognostic factor associated with
increased colorectal cancer risk. The varying degrees of metabolic improvement and
alleviation of type 2 diabetes may be the underlying cause for the differences in
colorectal cancer risk among different weight loss surgery types. SG outperformed
RYGB in warding off colorectal cancer, suggesting that malabsorptive surgeries exert a
gentler effect, which might lead to unfavorable alteratiomﬁ the colonic and rectal
microenvironments. Tao et al.l%5! suggests that alterations in the gut microbiota may
play a key role in the initiation and progression of colorectal cancer. It is worth noting
that the gut microbiota in RYGB patients shares similarities with that of cancer
patients, but our study found no association between RYGB or SG weight loss surgery
and the incidence rate.

Recently, Davey MG and colleagues unveiled evidence pointing to a diminished
CRC risk following bariatric surgery among obese subjects®*l. Our research aligns with
these findings but further expands upon them. We drew from a comprehensive dataset
sourced from 17 studies, involving a significant sample size of 12,497,322 patients. This
expansive dataset furnishes a comprehensive perspective on the interplay between
bariatric surgery and CRC. Unlike Davey MG et al., who solely employed odds ratios,
our study incorporates both RR and HR metrics, enhancing the depth of our risk

assessment. Additionally, where Davey MG et al. focused predominantly on RYGB




and SG surgeries, we identified a generalized protective effect of diverse bariatric
procedures against CRC. Importantly, our analysis indicates a 46% reduction in CRC
risk among female patients, hinting at potential gender-specific mechanisms. Building
on the foundational work of Wilson RB, et al., we delved deeper into the intricacies of
the CRC-obesity relationship and the protective role of bariatric interventions?7l. We
recognized a significant 46% decrease in CRC risk in females, an aspect less
emphasized in previous literature. From a methodological standpoint, our adherence
to PRISMA, AMSTAR, and MOOSE standards vouched for the accuracy and
reproducibility of our study. In comparison to Pararas N, et al., our extensive sample
provides further support for the protective association between bariatric surgery and
CRCPB4. Our study illuminates the 46% CRC risk reduction in females, a perspective
not central to Pararas N, et al.'s research!38l. Chierici A, et al.'s contributions were
foundational in our inquiry. We shed light on the global prevalence of CRC in relation
to obesity. Our conclusions, backed by our vast sample, distinguish between the risks
associated with colon and rectal cancer and underscore the pronounced 46% risk
reduction in female patients.

Research by heavy-c2 underscores obesity as a risk factor for colorectal cancer.
While some investigations hint at an escalated risk of colorectal cancer post weight loss
surgery, the link remains neither significant nor robust. Our study involved 1.2 million
participants and employed a population-based cohort research method, studying
morbidly obese patients who underwent weight loss surgery in Denmark, Finland,
Iceland, Norway, and Sweden between 1980 and 2015. The outcomes failed to offer
compelling evidence linking weight loss surgery to a notable increase in rectal cancer
risk. This could be attributed to limited sample size, inconsistent data, among other
potential reasons. Our findings show that the risk of colorectal cancer significantly
decreased during the follow-up period for morbidly obese patients who underwent
weight loss surgery. Notably, three of the studies in our analysis exhibited abbreviated
follow-up durations. This insinuates a potential limitation in these studies regarding

insights into the protracted risk of colorectal cancer. Nevertheless, they provide crucial




data regarding immediate risks, which contribute substantially to the overall effect
estimate. The aforementioned studies with shorter follow-up durations might
introduce some degree of bias. This could slightly overestimate or underestimate the
risk of colorectal cancer. However, our sensitivity analysis revealed that omitting these
three studies did not result in a significant change in the overall effect size.

Treatments for obesity include lifestyle changes (nutrition education, behavioral
counseling, physical exercise), medications, and weight loss surgery for severe obesity.
Weight loss surgery is evidenced to markedly trim down enduring weight among
severely obese individuals, simultaneously diminishing mortality rates. When
studying the relationship between weight loss surgery and cancer incidence, it is
challenging to separate the effects of surgery from the multiple associated changes. It is
essential to consider that weight loss surgery is more commonly performed in younger
individuals, while cancer is more frequently observed in older individuals®. Our
investigation might not have sufficiently addressed the age distribution variances,
potentially affecting our final conclusions. Our study may not have fully considered
the time-varying analysis, meaning that the cancer risk in obese patients may change
over time during the follow-up period. Our chief focus was on gauging the impact of
weight loss surgery on colorectal cancer risk, sidelining other treatment modalities like
lifestyle alterations and medications. Such treatments could influence the colorectal
cancer risk and warrant exploration in subsequent studies. Our investigation might not
have comprehensively catered to every confounding element, including dietary habits,
genetic factors, and environmental influences. These factors may also influence
colorectal cancer risk and warrant more detailed consideration in future studies.
Chronic inflammation stemming from a compromised barrier can disturb the balance
between beneficial and deleterious bacteria in the GI tract, amplifying the likelihood of
CRC and T2D onset. Surgery stands as a frontline treatment approach for both primary
and metastatic colorectal cancer, whereas probiotics aren't recognized as a viable

treatment alternativel40],




CONCLUSION

Weight loss surgery stands validated in its efficacy to curtail weight, mitigate
obesity-associated complications, and lower cancer occurrence rates. This meta-
analysis confirms the protective effect of weight loss surgery on colorectal cancer
through the assessment of RR and HR, particularly in women. Moreover, this
assessment was independent of the type of surgery performed. Further research is

needed to confirm these findings.
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