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Abstract

Background By 2025, global obesity rates are projected to reach 16% in men and 21% in women, imposing a
significant public health burden. Obesity is a major contributor to hypertension (HTN), exacerbating cardiovascular
risks. This review and meta-analysis evaluated the effectiveness of non-surgical treatments versus bariatric surgery in
managing hypertension among obese individuals.

Methods We searched PubMed, Scopus, Embase, and Cochrane databases up to May 2024. Randomized controlled
trials (RCTs) comparing bariatric surgery (e.g., Roux-en-Y Gastric Bypass (RYGB), Sleeve gastrectomy (SG), Laparoscopic
adjustable gastric banding (LAGB), Duodenal-jejunal bypass liner/Biliopancreatic diversion (DJBL/BPD)) with non-
surgical interventions (e.g,, lifestyle modifications, medications) in hypertensive obese patients were included. Primary
outcomes were changes in systolic and diastolic blood pressure. Secondary outcomes included changes in fasting
blood sugar (FBS), HbA1c, and lipid profiles. Data were synthesized using a random-effects model, with heterogeneity
and publication bias assessed.

Results From 7,187 records, 29 studies involving 2,548 patients met the inclusion criteria. Bariatric surgery resulted
in greater reductions in systolic (MD: -4.506 mmHg; 95% Cl: -6.999 to -2.013) and diastolic (MD: -3.040 mmHg; 95%
Cl:-4.765 to -1.314) blood pressure compared to non-surgical interventions. Roux-en-Y gastric bypass had the most
significant impact. Bariatric surgery also led to substantial reductions in FBS (MD: -30.444 mg/dl; 95% Cl: -41.288
to-19.601), HbATc (MD:-1.108%; 95% Cl: -1.414 to -0.802), and triglycerides (MD: -39.746 mg/dl; 95% Cl: -54.458 to
-25.034), and increased HDL levels (MD: 7.387 mg/dl; 95% Cl: 5.056 to 9.719). The quality of evidence was high for
most outcomes, supporting these findings.

Conclusion Bariatric surgery is superior to non-surgical treatments in managing obesity-related hypertension and
metabolic disorders. Reductions in blood pressure, glycemic indexes, and lipid profiles highlight bariatric surgery’s
critical role in improving cardiovascular health and metabolic outcomes in obese hypertensive patients.
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Graphical abstract

The Dominant Role of Bariatric Surgery in Hypertension Control: A Systematic
Review and Meta-Analysis with Extended Benefits on Metabolic Factors
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Introduction

By 2025, it’s estimated that 16% of adult men and 21% of
adult women worldwide will be obese. This will impact
the global economy by costing 2.5% of the total GDP.
Additionally, obesity rates are not expected to drop in
any country during this decade [1].

There is strong evidence indicating that significant
weight gain and increased visceral fat are primary con-
tributors to hypertension (HTN) [2, 3]. Excess adipose
tissue plays a role in developing hypertension through
various mechanisms. These include the physical com-
pression of the kidneys impairing renal-pressure natri-
uresis, increased sympathetic activity, activation of the
renin-angiotensin-aldosterone system, and insulin resis-
tance, among other factors [4, 5].

The coexistence of obesity and hypertension signifi-
cantly elevates cardiovascular risks and imposes a sub-
stantial health burden. Obesity increases cardiac output
and stroke volume, while hypertension elevates total
peripheral resistance, together creating a “double burden”
on the heart. This dual impact increases the likelihood
of congestive heart failure, coronary heart disease, and
other cardiovascular complications [6]. Additionally, the

co-occurrence of obesity and hypertension is linked with
elevated risks of diabetes, dyslipidemia, and metabolic
syndrome. This combination intensifies health risks and
complicates the management of these conditions [7].

Effective strategies to manage these conditions include
weight loss through lifestyle modifications and pharma-
cological or surgical interventions [8]. While new medi-
cations and lifestyle modifications for obesity provide a
more promising outlook for success, maintaining long-
term treatment for obesity remains a challenge. Bariat-
ric surgery, however, may offer more effective long-term
management of obesity and its associated conditions
[8-10].

Considering the variability in results from previ-
ous studies [11-16], which demonstrated differences in
both the extent and durability of blood pressure reduc-
tion and hypertension remission following bariatric sur-
gery—ranging from significant short-term improvements
with gradual attenuation over time to sustained long-
term remission in select patient populations— and the
emergence of targeted randomized controlled trials like
The GATEWAY trial [17], which focuses on comparing
bariatric surgery with medical therapy for hypertension
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remission and blood pressure reduction in obese
patients, we conducted an extensive systematic review
and meta-analysis to evaluate the comparative effective-
ness of non-surgical treatment versus bariatric surgery
in managing hypertension in obese individuals with this
condition.

Methods

This systematic review was conducted based on a pre-
defined protocol with explicit criteria for study selec-
tion, data extraction, and analysis. The protocol was
registered in the International Prospective Register
of Systematic Reviews (PROSPERO) (PROSPERO ID:
CRD42024562295). The review follows the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines [18].

Search strategy

We comprehensively searched four electronic data-
bases—PubMed, Scopus, Embase, and Cochrane—up
to May 2, 2024. We utilized the following keywords and
Medical Subject Headings (MeSH) terms: “Hyperten-
sion” AND (“Bariatric Surgery” OR “Gastric Bypass”
OR “Gastroplasty”) AND (“Myocardial Infarction” OR
“Stroke” OR “Heart Failure” OR “Coronary Artery Dis-
ease” OR “Peripheral Arterial Disease” OR “Myocardial
Ischemia” OR “Death, Sudden, Cardiac” OR “Mortality”).
Additional studies were identified through reference lists
of articles and pertinent reviews. The specific search que-
ries for each database are provided in the Supplemental
Material file.

Eligibility criteria

Eligible studies were randomized controlled trials (RCTs)
focusing on two groups: the first group comprised indi-
viduals undergoing bariatric surgeries (such as laparo-
scopic adjustable gastric banding (LAGB), Roux-en-Y
gastric bypass (RYGB), sleeve gastrectomy (SG), or duo-
denal-jejunal bypass liner with biliopancreatic diversion
(DJBL/BPD)) alongside anti-hypertensive medications,
with or without lifestyle modifications. The second group
included individuals who did not undergo any surgical
interventions but received anti-hypertensive medications
or engaged in lifestyle modifications like diet, weight-loss
drugs, and other lifestyle changes.

The included studies needed to report changes in
blood pressure, as the primary outcomes included mean
changes in systolic and/or diastolic blood pressure. Sec-
ondary outcomes encompassed changes in fasting blood
sugar (FBS), glycosylated hemoglobin (HbAlc), fasting
plasma triglycerides (TG), total cholesterol (TC), and
concentrations of high-density and low-density lipopro-
teins (HDL and LDL). The presence of secondary out-
come data was not mandatory for inclusion; primary
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outcomes were sufficient. No restrictions were placed on
the participants’ age, gender, ethnicity, socioeconomic
status, or concurrent metabolic disorders.

Study selection

To identify and remove duplicates, citations were man-
aged using online reference management systems,
Rayyan and EndNote 21. Two reviewers (P.D. and H.S.)
independently screened titles and abstracts for eligibility,
followed by full-text reviews of potentially eligible studies
by two other reviewers (M.P and M.M). Disagreements
were resolved by consensus or, if necessary, through arbi-
tration by a third reviewer (K.H).

Risk of bias assessment

Two reviewers (S.S. and P.P.) independently assessed the
quality of the included studies using the Cochrane Risk
of Bias Assessment Tool for Randomized Trials (RoB 2.0)
[19]. This tool evaluates various bias domains through a
series of signaling questions, such as trial design, con-
duct, and reporting. Each domain’s risk of bias was
judged as ‘Low, ‘High, or ‘Some concerns’ The quality of
the evidence was appraised using the Grading of Recom-
mendations Assessment, Development, and Evaluation
(GRADE) methodology [20].

Data extraction

Two authors (D.N. and F.O.) independently extracted data
using a pre-designed format. The information extracted
included the publication year, study design, inclusion/
exclusion criteria, sample size, baseline characteristics,
and outcomes (Table 1). Additionally, we attempted to
contact the corresponding authors of the included stud-
ies to obtain missing data. However, in cases where cru-
cial data remained unavailable, the respective parameters
were excluded from the analysis. Moreover, Discrepan-
cies were resolved through discussion with a third author
(H.S).

Data synthesis
We extracted the mean change and standard devia-
tion (SD) from baseline to the last follow-up for both
intervention and control groups. The mean difference
(MD) and 95% confidence interval (CI) were calculated
to compare effect sizes. Studies reporting medians and
interquartile ranges (IQR) or medians and ranges were
converted to means and SDs using methods by Luo et al.
and Wan et al. [21].

If the SD of the mean change was not reported, it was
calculated using the formula [22]:

2 2
SD chcmgc _ (SDbasel'Lne + SDfinal)
- (2 X rX SDbasr:H,’n,e X SDfinal)
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The correlation coefficient (r=.6) was calculated as the
mean correlation coefficient from studies that reported
the SD of the change scores, using the following standard
imputation formula:

SDlgaseline + SD?%’nal - SD2

change

2 X SDbaseline X SDfinal

T =

Meta-analyses were conducted using a random-effects
model with restricted maximum likelihood estima-
tion. Heterogeneity among studies was assessed using
Cochrane’s Q statistic and I? statistic [23], with I* values
classified as low (<25%), moderate (25-50%), or high
(>50%) heterogeneity. Subgroup analyses were performed
based on time trends (<1 year, >1 and <2 years, > 2 years)
and also the type of surgery (sleeve gastrectomy, RYGB,
LAGB, DJBL/BPD). Visual and statistical assessments for
publication bias were conducted using funnel plots and
Begg’s and Egger’s tests [24]. Furthermore, the “trim and
fill” method was used to investigate the potential missing
studies due to publication bias [25]. Sensitivity analyses
using leave-one-out and fixed-effects model were con-
ducted to evaluate the robustness of findings. Moreover,
since studies with larger sample sizes usually have more
statistical power, further analyses were performed, limit-
ing the included studies to RCTs with more than 50 cases
in each arm. Meta-regression analysis was conducted for
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variables reported in more than ten studies, including
year of publication, follow-up duration, sample size, age,
and BMI. All statistical analyses were performed using R
Statistical Software (v4.1.2; R Core Team 2021).

Results

After the initial search, 7,187 records were identified
across PubMed, Scopus, Embase, and Cochrane. Follow-
ing the removal of 487 duplicate studies, 6,567 articles
were excluded based on their titles and abstracts, leav-
ing 133 studies for full-text assessment. Subsequently,
117 studies were excluded for various reasons, as detailed
in Fig. 1. Consequently, 26 articles were included in the
review, along with 3 articles identified through citation
search. Ultimately, 29 articles were selected for inclusion
in the current meta-analysis and systematic review. The
articles included in the review were published between
2004 and 2024. The majority of the studies were con-
ducted in the USA (12 studies), followed by Australia (6
studies) and Brazil (5 studies). In total, this review ana-
lyzed data from 2,548 patients, with 1,249 patients in the
surgical groups and 1,158 in the non-surgical groups.
Detailed information about the included articles can be
found in Table 1.

[ Identification of ies via and regist { Identification of studies via other methods ]
o)
- Records identified from:
S Database Searching (n=7187): Records removed before
S PubMed (n = 991) screening: Records identified from:
5 Scopus (n= 1507) > Duplicate records removed Citation searching (n = 3)
= Embase (n= 1839) (n =487)
S Cochrane(n= 2850)
—
;
Records screened »| Records excluded
(n = 6700) (n =6567)
Reports sought for retrieval > Reports not retrieved Reports sought for retrieval | Reports not retrieved
2 (n=133) (n=0) (n=3) "l (n=0)
=
: ; |
O
(2]
P Reports excluded: o
Reports assessed for eligibility Did not meet inclusion criteria Reports assessed for eligibility -
(n=133) —> ~ (n=3) >
(n = 58) _ Reports excluded
Conference Abstracts (n = (n=0)
Duplicate Publications (n = 9)
No English Full Text (n= 2)
Not RCT (n=7)
— v Other reasons (n=5)
—
° s ) .
3 Studies included in review
3| | m=29)
o
£
-

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71.

doi: 10.1136/bmj.n71.

Fig. 1 PRISMA Flow diagram of search strategy and trial selection
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Quality assessment of included articles

The quality assessment of the included articles was con-
ducted using the ROB2 tool, which evaluates the risk of
bias across five domains: bias from the randomization
process (Domain 1), deviations from intended interven-
tions (Domain 2), missing outcome data (Domain 3),
measurement of outcomes (Domain 4), and selection of
reported results (Domain 5). Most studies (19 in total)
exhibited a low risk of bias. Eight studies raised some
concerns, primarily in Domains 1, 2, and 5. Common
issues in Domain 1 included unclear allocation conceal-
ment, while in Domain 2, incomplete descriptions of how
deviations from intended interventions were addressed
were noted. For Domain 5, discrepancies between pre-
specified and reported outcomes were identified. Two
studies were rated as high risk of bias due to substantial
issues across these same domains. A detailed domain-
specific assessment of all studies is provided in S1 Fig.

Meta-analysis of changes in blood pressure after bariatric
surgery versus non-surgical intervention

Twenty-six RCTs were included in the analysis, com-
paring systolic blood pressure changes between surgi-
cal and non-surgical interventions. The heterogeneity
was relatively high (I* = 66.7%). Patients in the surgical
arms experienced a significantly greater reduction in SBP
compared to those in the non-surgical arms (MD: -4.506
mmHg; 95% CI: -6.999 to -2.013; P=.001) (see Fig. 2 and
S$2.1-2.3 Figs). Sensitivity analyses using leave-one-out
and fixed-effect methods also indicated significant differ-
ences in SBP changes between the surgical and non-sur-
gical groups (52 Table and S18 Fig). However, sensitivity
analysis with ten studies that had more than 50 patients
in each arm did not show a significant difference between
the interventions (MD: -2.939 mmHg; 95% CI: -7.199 to
1.321; P=.15) (S2 Table).

Subgroup analyses based on the duration of follow-up
and type of bariatric surgery showed that the superiority
of surgical intervention in reducing SBP remained signifi-
cant in studies with <1-year or >2-year follow-ups. How-
ever, the difference was non-significant in studies with
>1-year but <2-year follow-up (MD: -0.649 mmHg; 95%
CI: -5.157 to 3.858; P=.15) (S1 Table). The heterogene-
ity between studies with more than 2 years of follow-up
was low (I?=11.4%), while the observed heterogeneities
were high in all other groups. Additionally, only Roux-en-
Y gastric bypass surgery significantly reduced SBP (MD:
-6.805 mmHg; 95% CI: -11.348 to -2.261; P<.01), while
other types of bariatric surgery did not show significant
differences compared to non-surgical interventions (S3
Fig).

A meta-regression analysis was conducted using vari-
ables such as year of study publication, duration of fol-
low-up, sample size, mean age, and mean BMI. The
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results were non-significant for all variables except for
sample size, which accounted for 47.54% of the between-
study heterogeneity (S3 Table). The moderator test for
sample size was significant (P=.01), and a bubble plot
indicated that studies with larger sample sizes dem-
onstrated a smaller mean difference in SBP reduction
between surgical and non-surgical groups (526 Fig). The
funnel plot of 26 included articles seemed symmetrical,
and no missing study was found using trim and fill meth-
ods (S27 Fig). The Egger test also confirmed the non-sig-
nificant risk of publication bias (P=.29).

A meta-analysis comparing the reduction in diastolic
blood pressure between surgical and non-surgical inter-
ventions was performed with 25 RCTs. High between-
study heterogeneity (I>=73.4%) was observed. The
reduction in DBP was significantly greater in the surgical
groups compared to the non-surgical groups (MD: -3.040
mmHg; 95% CI: -4.765 to -1.314; P=.001) (see Fig. 2
and S4.1-4.2 Figs). This result was robust in sensitivity
analyses using the leave-one-out method, fixed-effect
method, and analyses limited to studies with more than
50 patients per arm (S2 Table and S19 Fig). Subgroup
analyses showed significant differences in DBP changes
between the surgical and non-surgical arms in studies
with <1-year or >2-year follow-ups (S1 Table). Similar to
the SBP analysis, RYGB surgery was significantly better
at reducing DBP compared to non-surgical interventions
(MD: -3.955 mmHg; 95% CI: -6.504 to -1.406; P<.01) (S5
Fig).

Meta-regression analysis revealed no significant asso-
ciations between the pooled effect size of DBP mean dif-
ference and variables such as year of study publication,
duration of follow-up, sample size, mean age, and mean
BMI (S3 Table). An investigation of the risk of publica-
tion bias based on the 25 selected studies, using visual
inspection and the Egger test (P=.70), revealed no source
of publication bias in the DBP meta-analysis (S28 Fig).

Meta-analysis of changes in glycemic indexes after

bariatric surgery versus non-surgical intervention

A total of 21 RCTs comparing the mean fasting blood
sugar changes after surgical and non-surgical interven-
tions were selected for meta-analysis. Using the random-
effects method, surgical interventions were significantly
more effective in reducing FBS compared to non-sur-
gical treatments (MD: -30.444 mg/dl; 95% CI: -41.288
to -19.601; P<.001) (Fig. 3) despite high between-study
heterogeneity (I* = 81.2%). Subgroup analyses based
on follow-up duration and type of surgery showed that
bariatric surgery was significantly superior to non-sur-
gical treatments in reducing FBS in all groups, except
for those with >1-year but <2-year follow-up time and
the DJBL/BPD surgery group (S1 Table and S6-7 Figs).
The between-study heterogeneity remained high in all
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(A)

Surgical Non-surgical
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Dixon 2008 30 -6.00 17.90 30 -1.70 14.20 -4.30 [-12.48; 3.88] 3.6%
O'Brien 2010 24 -12.50 17.60 18 -20.30 21.70 7.80 [-4.45; 20.05] 2.3%
Dixon 2012 30 -7.50 23.00 30 -6.20 19.80 -1.30  [-12.16; 9.56] 2.7%
Nordstrand 2012 49 -24.00 17.40 41 -6.00 18.22 -18.00 [-25.41;-10.59] 4.0%
Schauer 2012 99 -3.73 17.83 41 -3.90 14.70 0.17 [-5.54; 5.88] 4.7%
Tur 2013 30 -440 1574 71 1.50 16.50 -5.90  [-12.72; 0.92] 4.2%
Ikramudin 2013 60 -10.00 19.50 60 -8.00 15.70 -2.00 [-8.33; 4.33] 4.4%
Halperin 2014 19 -12.30 1270 19 -1.00 12.90 -11.30 [-19.44; -3.16] 3.7%
Koehestanie 2014 38 -17.00 14.30 39 -12.00 18.60 -5.00 [-12.40; 2.40] 4.0%
Wentworth 2014 23 -6.00 16.90 25 -2.00 14.05 -4.00 [-12.83; 4.83] 3.4%
Parikh 2014 20 -040 19.70 24 250 19.10 -2.90 [-14.43; 8.63] 2.5%
Schauer 2014 97 -1.59  20.63 40 063 2263 -2.22  [-10.35; 5.91] 3.7%
Ikramudin 2015 60 -7.00 20.20 59 -7.00 19.20 0.00 [-7.08; 7.08] 4.1%
Cummings 2016 15 -19.30 17.80 17 -410 9.80 -15.20 [-25.34; -5.06] 2.9%
Xiang 2018 36 -2.30 10.90 34 250 10.90 -4.80 [-9.91; 0.31] 5.0%
Ikramudin 2018 57 -3.00 14.10 56 -2.00 15.70 -1.00 [-6.51; 4.51] 4.8%
Schavion 2018 50 060 12.50 50 550 16.00 -4.90 [-10.53; 0.73] 4.7%
Simonson 2019 18 0.50 11.60 22 1.30  13.00 -0.80 [-8.43; 6.83] 3.9%
Schavion 2019 50 -4.80 36.90 50 14.90 34.00 -19.70 [-33.61; -5.79] 2.0%
Courcoulas 2020 41 -9.52 10.82 20 -1.70 5.03 -7.82  [-11.80; -3.84] 5.5%
Schiavon 2020 50 -0.20 17.95 50 270 1860 -2.90 [-10.06; 4.26] 4.1%
Mingrone 2021 40 -17.30 2451 15 -17.20 36.20 -0.10  [-19.93; 19.73] 1.2%
Ospanov 2021 40 -21.85 18.71 20 -8.10 1592 -13.75 [-22.82; -4.68] 3.3%
Ruban 2021 85 0.30 1440 85 -7.60 14.40 7.90 [ 3.57; 12.23] 5.3%
Abu Dayyeh 2022 58 -5.16 8.00 72 -0.72  14.46 H -4.44 [-8.36; -0.52] 5.5%
Schiavon 2024 50 0.75  15.00 50 823 1490 —- -748  [-13.34; -1.62] 4.6%
Random effects model 1169 1038 < -4.51 [-7.00; -2.01] 100.0%
Heterogeneity: = 67%, 2= 21.9609, p <0.01 f T T T T L
Meta-analysis for Systolic Blood Pressure -30 -20 -10 0 10 20 30

Favours Surgical Favours Non-surgical

(B)

Surgical Non-surgical
Study Total Mean sD Total Mean sD Mean Difference MD 95%-ClI Weight
Dixon 2008 30 -0.70  11.10 30 -0.90 11.10 0.20 [-5.42; 5.82] 3.5%
O'Brien 2010 24 -6.00 940 18 -6.90 12.50 : 0.90 [-5.99; 7.79] 2.9%
Dixon 2012 30 -1.10 1253 30 -3.50 13.20 + 240 [-4.11; 8.91] 3.1%
Nordstrand 2012 49 -11.00 8.70 41 -2.00 887 -9.00 [-12.65;-5.35] 4.7%
Schauer 2012 99 -354 925 41 -450 850 0.96 [-2.22; 4.14] 5.0%
Tur 2013 30 290 11.29 71 -148 11.29 — -1.42  [-6.24; 3.40] 4.0%
Ikramudin 2013 60 -10.00 13.11 60 -5.00 11.79 - -5.00 [-9.46;-0.54) 4.2%
Halperin 2014 19 -510 9.74 19 -2.10 10.18 —_- -3.00 [-9.34; 3.34] 3.1%
Koehestanie 2014 38 -10.00 10.37 39 -5.00 10.03 - -5.00 [-9.56;-0.44] 4.1%
Wentworth 2014 23 -5.70  9.94 25 -2.80 10.42 — -2.90 [-8.66; 2.86] 3.4%
Parikh 2014 20 0.10 10.70 24 -0.20 12.30 T 0.30 [-6.50; 7.10] 2.9%
Schauer 2014 97 -5.27 12.00 40 -6.48 12.33 1.21 [-3.30; 5.72] 4.1%
Ikramudin 2015 60 -8.00 1375 59 -4.00 1249 — -4.00 [-8.72; 0.72] 4.0%
Xiang 2018 36 -1.90 7.55 34 1.70 8.05 - -3.60 [-7.26; 0.06] 4.7%
Ikramudin 2018 57 -6.00 11.14 56 -2.00 11.14 - -4.00 [-8.11; 0.11] 4.4%
Schavion 2018 50 -0.60 8.19 50 260 10.82 - -3.20 [-6.96; 0.56] 4.6%
Simonson 2019 18 -3.80 6.64 22 -0.50 7.44 —H -3.30 [-7.67; 1.07] 4.2%
Schavion 2019 50 -8.80 24.80 50 1000 2760 —&—— ! -18.80 [-29.08; -8.52] 1.7%
Courcoulas 2020 41 -269 485 20 -0.60 256 = -2.09 [-3.95;-0.23] 5.7%
Schiavon 2020 50 -0.20 7.91 50 2.00 8.12 i -2.20 [-5.34; 0.94] 5.0%
Mingrone 2021 40 -9.60 13.07 15 -8.70  18.80 — - -0.90 [-11.24; 9.44] 1.7%
Ospanov 2021 40 -17.97 6.76 20 -5.80 5.51 - -12.17 [-15.37;-8.97] 4.9%
Ruban 2021 85 -1.90 9.80 85 -540 9.69 . 3.50 [ 0.57; 6.43] 5.1%
Abu Dayyeh 2022 58 -3.31 1197 72 0.06 10.34 - -3.37  [-7.27; 0.53] 4.5%
Schiavon 2024 50 -2.90 10.16 50 228 10.09 -I- -5.18  [-9.15;-1.21] 4.5%
Random effects model 1154 1021 ¢ -3.04 [-4.77; -1.31]  100.0%
Heterogeneity: /2 = 73%, t° = 10.8113, p < 0.01
Meta-analysis for Diastolic Blood Pressure 20 10 0 10 20

Favours Surgical Favours Non-surgical

Fig. 2 Forest plot illustrating the subgroup analysis of surgical versus non-surgical methods focusing on (A) systolic blood pressure (B) Diastolic blood
pressure
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(A)
Surgical Non-surgical
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Dixon 2008 30 -51.20  37.60 30 -18.40 41.20 -32.80 [-52.76;-12.84] 4.9%
O'Brien 2010 24 -6.80 20.00 18 2.80 9.00 -9.60 [-18.62; -0.58] 6.1%
Dixon 2012 30 0.60 38.68 30 11.30 37.70 -10.70 [-30.03; 8.63] 5.0%
Schauer 2012 99 -80.70  68.25 41 -25.00 53.00 -65.70  [-76.77;-34.63] 4.8%
Tur 2013 30 -15.40 2344 71 -765 37.69 -1.75 [-19.88; 4.38] 5.8%
Ikramudin 2013 60 -103.20 63.81 60 -52.20 59.25 -51.00  [-73.03;-28.97] 4.6%
Halperin 2014 19 -48.00 2168 19 0.00 21.06 -48.00  [-61.59;-34.41] 5.7%
Wentworth 2014 23 -5.50 2463 25 -2.00 46.71 -3.50 [-24.39; 17.39] 4.8%
Parikh 2014 20 -50.10  44.40 24 13.30 77.80 -63.40  [-100.11; -26.69] 3.1%
Schauer 2014 97 -68.06 73.62 40 -6.16  95.73 -61.90  [-94.99;-28.81] 3.4%
Ikramudin 2015 60 -102.60 52.10 59 -45.00 96.67 -57.60 [-85.57;-29.63] 3.9%
Ikramudin 2018 57 -90.00 66.55 56 -37.00 54.51 -53.00 [-75.41;-30.59] 4.6%
Schavion 2018 50 -16.50 15.90 50 -1.60 9.90 -14.90 [-20.09; -9.71] 6.4%
Azevedo 2019 10 -122.00 93.05 10 37.00 76.49 -159.00 [-233.66; -84.34] 1.1%
Simonson 2019 18 -37.40  56.00 22 -1460 63.38 -22.80 [-59.82; 14.22] 3.0%
Courcoulas 2020 41 -42.08 16.81 20 -10.00 17.44 -32.08  [-41.29;-22.87)] 6.1%
Schiavon 2020 50 -13.10  9.15 50 1.80 10.38 -14.90  [-18.74;-11.06] 6.4%
Mingrone 2021 40 -76.50  59.00 15 -48.60 63.00 -27.90 [-64.65; 8.85] 3.1%
Ospanov 2021 40 -27.18  67.68 20 -5.58 11.70 -21.60 [-43.19; -0.01] 4.7%
Abu Dayyeh 2022 57 -6.11 23.81 79 1442 410 -20.53  [-26.78;-14.28] 6.3%
Schiavon 2024 50 -10.30  18.11 50 7.19 18.35 -17.49  [-24.64;-10.34) 6.3%
Random effects model 905 789 -30.44 [ -41.29;-19.60] 100.0%
Heterogeneity: /% = 81%, t> = 309.3485, p < 0.01 ! | ! J !
Meta-analysis for Fasting Blood Sugar -200 -100 O 100 200
Favours Surgical Favours Non-surgical
(B)
Surgical Non-surgical
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Dixon 2008 30 -1.81 124 30 -0.38  1.26 -1.43 [-2.06; -0.80] 4.1%
Dixon 2012 30 -0.25 1.72 30 0.04 0.95 -0.29 [-0.99; 0.41] 3.9%
Schauer 2012 99 -290 1.69 41 -1.40 1.50 -1.50 [-2.07;-0.93] 4.3%
Liang 2013 31 -450 1.08 70 -3.40 1.37 -1.10  [-1.60; -0.60] 4.5%
Tur 2013 30 -0.70 0.80 7 -041 165 -0.29 [-0.77; 0.19] 4.6%
|kramudin 2013 60 -3.20 1.73 60 -1.80 1.73 -1.40 [-2.02;-0.78] 4.2%
Halperin 2014 19 -1.95 0.78 19 -0.04 0.79 -1.91  [-2.41;-1.41] 4.5%
Koehestanie 2014 38 -1.30 093 39 -040 1.18 -0.90 [-1.37;-0.43] 4.6%
Wentworth 2014 23 -0.80 0.69 25 0.00 1.21 -0.80 [-1.35;-0.25] 4.4%
Parikh 2014 20 -1.20 1.10 24 0.10  1.50 -1.30 [-2.07;-0.53] 3.7%
Schauer 2014 97 -2.50 2.00 40 -0.60 2.50 -1.90 [-2.77;-1.03] 3.4%
lkramudin 2015 60 -3.10 173 59 -1.20 265 -1.90 [-2.71; -1.09] 3.6%
Cummings 2016 15 -1.30 140 17 0.00 0.90 -1.30 [-2.13;-0.47] 3.5%
|kramudin 2018 57 250 1.73 56 -1.10 1.73 -1.40 [-2.04; -0.76] 4.1%
Schavion 2018 50 -048 0.38 50 -0.14 042 -0.34 [-0.50; -0.18] 5.2%
Azevedo 2019 10 -3.80 1.82 10 030 1.35 -4.10 [-5.50; -2.70] 2.2%
Simonson 2019 18 -0.82 1.62 22 023 1.80 -1.05 [-2.11; 0.01] 2.9%
Courcoulas 2020 41 -1.02 0.56 20 0.77 042 -1.79  [-2.04; -1.54] 5.1%
Schiavon 2020 50 -0.50 0.28 50 -0.04 0.32 -0.46 [-0.58;-0.34] 5.3%
Mingrone 2021 40 215 1.60 15 -0.80 1.00 -1.35 [-2.06; -0.64] 3.9%
Ospanov 2021 40 -142 095 20 -0.38 0.81 -1.04 [-1.50; -0.58] 4.6%
Ruban 2021 85 -0.80 3.15 85 -0.80 295 0.00 [-0.92; 0.92] 3.3%
Abu Dayyeh 2022 55 -0.36 0.66 80 0.13 045 -0.49 [-0.69; -0.29] 5.2%
Schiavon 2024 50 -0.32 067 50 024 067 -0.56 [-0.82; -0.30] 5.1%
Random effects model 1048 983 -1.11  [-1.41;-0.80] 100.0%

Heterogeneity: 12 = 89%, © = 0.3473, p < 0.01
Meta-analysis for HbA1c

I |

-4 -2 0 2 4
Favours Surgical Favours Non-surgical

Fig. 3 Forest plot illustrating the subgroup analysis of surgical versus non-surgical methods focusing on (A) Fasting blood sugar (B) glycated haemoglo-

bin (HbA1c)

subgroups except the subgroup of >2 years follow-up
(I*=0.0%).

The mean changes in HbAlc were reported in 24 RCTs.
Patients who underwent bariatric surgery had a signifi-
cantly greater reduction in HbAlc compared to those
treated non-surgically (MD: -1.108%; 95% CI: -1.414 to
-0.802; P<.001) (Fig. 3). The included studies were sig-
nificantly heterogeneous (I>=89.4). Subgroup analysis

by follow-up duration revealed a greater reduction in
HbAlc in the surgical groups across all subgroups (S1
Table). Although the DJBL/BPD surgery group did not
show a significant difference from non-surgical treat-
ments, the superiority of surgical intervention remained
significant for all other types of surgery (S8-9 Figs).
Sensitivity analyses confirmed the robustness of the
findings for both FBS and HbAlc meta-analyses (S2
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Table and S20-21 Figs). Meta-regression analysis using
continuous variables such as the year of study publica-
tion, duration of follow-up, sample size, mean age and
mean BMI did not show any significant association with
the overall pooled estimates for FBS or HbA1lc reduction
(S3 Table). Funnel plots for glycemic indexes, includ-
ing FBS (21 studies) and HbA1lc (24 studies), appeared
asymmetrical, primarily due to the results of Azevedo’s
study (S29-30 Figs). The Egger test confirmed a prob-
able risk of publication bias for FBS (P=.001) and HbAlc
(P=.002). We applied the trim and fill method to explore
the impact of potential missing studies further. For FBS,
adjusting for publication bias by adding seven hypotheti-
cal studies resulted in an estimated effect size of -18.9170
[-33.5884; -4.2456], with a p-value of 0.134 and heteroge-
neity of 84.6% (529 Fig). Similarly, for HbAlc, the inclu-
sion of ten additional studies adjusted the effect size to
-0.5852 [-0.9969; -0.1734], with a p-value of 0.006 and
heterogeneity of 93.0% (S30 Fig).

Meta-analysis of changes in lipid profiles after bariatric
surgery versus non-surgical intervention

Twenty-five RCTs were included in a meta-analysis to
assess mean triglyceride level changes between surgical
and non-surgical treatments. The studies were hetero-
geneous (I> = 74.5%). The pooled results indicated that
surgical interventions were more effective in reducing
TG levels compared to non-surgical treatments (MD:
-39.746 mg/dl; 95% CI: -54.458 to -25.034; P<.001). Sub-
group analysis revealed that only patients in the RYGB
and LAGB surgery groups experienced significant reduc-
tions in TG levels, while other types of bariatric surgery
did not show significant superiority over non-surgical
treatments (S17 Fig). However, in subgroup analyses
based on follow-up duration, all groups demonstrated
the superiority of surgical interventions (S1 Table and
S16 Fig).

Changes in HDL levels were pooled from 25 stud-
ies, which also showed high heterogeneity (I* = 73.1%).
Individuals in the surgical arms had a greater increase in
HDL levels compared to those in the non-surgical arms
(MD: 7.387 mg/dl; 95% CI: 5.056 to 9.719; P<.001). Simi-
lar to the TG analysis, only the RYGB and LAGB sur-
gery groups showed significant differences in mean HDL
changes compared to non-surgical treatments (S11 Fig).
Additionally, all follow-up duration subgroups indicated
significant superiority of surgical interventions (S1 Table
and S10 Fig).

Leave-one-out sensitivity analyses for both TG and
HDL meta-analyses revealed that removing any included
study did not significantly change the pooled effects of
each analysis (522-25 Figs). Separate meta-analyses using
a fixed-effect model and studies with more than 50 cases
per arm confirmed the robustness of our findings in both
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TG and HDL analyses (S2 Table). Meta-regression analy-
ses for TG and HDL levels did not identify any significant
variables contributing to heterogeneity or affecting the
pooled results (S3 Table). The funnel plot of 25 articles
in the TG meta-analysis appeared symmetrical, repre-
senting the absence of publication bias risk, confirmed by
the Egger test (P=.98). Moreover, the trim and fill meth-
ods suggested no missing study (S34 Fig). Despite the
symmetrical funnel plot of 25 articles in the HDL meta-
analysis and the non-significant results of the Egger test
(P=.41), three missing studies were suggested based on
the trim and fill method (S31 Fig).

Mean changes in LDL levels were available from 21
articles. The change in LDL levels was not significantly
different between surgical and non-surgical treatments
(MD: -7.744 mg/dl; 95% CI: -16.783 to 1.293; P=.089),
with extreme between-study heterogeneity (I* = 91.8%).
Subgroup analysis also showed non-significant differ-
ences between treatments across all follow-up duration
groups (S1 Table and S12 Fig). The observed heteroge-
neity was high in all subgroups except for >1-year but
<2-year follow-up subgroup studies (I>=0.0%). None of
the bariatric surgery groups were significantly superior
to non-surgical interventions in reducing LDL levels
(S13 Fig). Leave-one-out analysis revealed that excluding
Parikh’s study made the mean LDL reduction in surgical
arms significantly higher than in non-surgical arms (523
Fig). However, further sensitivity analyses using a fixed-
effect model or studies with more than 50 cases per arm
did not demonstrate the superiority of bariatric surgery
(S2 Table). The Egger test (P=.13) and funnel plots did
not indicate publication bias or asymmetry in the analy-
sis of LDL, including 21 studies. However, the trim and
fill method represented three missing studies, potentially
due to publication bias (S32 Fig).

Twenty studies reporting mean total cholesterol
changes for surgical and non-surgical interventions were
included. Despite high heterogeneity (I*> = 90.8%), the
meta-analysis revealed that the mean difference between
the two arms was not statistically significant (MD:
-8.635 mg/dl; 95% CI: -19.847 to 2.576; P=.12). Subgroup
analyses based on follow-up duration or type of surgery
also showed non-significant differences in MD between
surgical and non-surgical treatments (S2 Table, S14-15
Figs). The heterogeneity was moderate in subgroups of
studies with >1-year but <2-year and more than 2 years
follow-up duration (I>=47.8% and 44.1%, respectively).
Sensitivity analysis showed that omitting any included
study did not significantly change the pooled result (524
Fig). However, further analysis using a fixed-effect model
showed that the mean TC change in the surgery group
was more pronounced than in non-surgical groups (MD:
-4.461 mg/dl; 95% CI: -7.352 to -1.570; P=.002). Meta-
analysis of studies with more than 50 cases per arm did
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not reveal a significant difference (S2 Table). No poten-
tial source of risk of publication bias was found in the
TC meta-analysis using funnel plot and the Egger test
(P=.28). Moreover, no missing study was reported by
trim and fill methods (S33 Fig).

Meta-regression analyses for LDL and TC levels, using
the same variables previously described, showed that
none of the variables were significantly associated with
the pooled results of the analysis (S3 Table).

Grading the quality of evidence and the strength of
recommendations using the GRADE approach

S4 Table presents the GRADE summary of findings. The
certainty of the pooled results was high for most of the
reported variables. However, the certainty for the TC
and LDL analyses was moderate and low, respectively. In
terms of the importance of the findings, the HbAlc result
was categorized as critical. The result for total cholesterol
was considered non-important, while all other results
were deemed important based on the GRADE system.

Discussion

This systematic review and meta-analysis aimed to com-
pare the efficacy of different bariatric surgery modali-
ties to non-surgical treatments, such as medications,
diet, lifestyle modifications, or a combination of these
approaches. Through a meta-analysis of 29 randomized
clinical trials involving 2548 patients, we found that the
combined results significantly favored bariatric surgery
in terms of reducing both systolic and diastolic blood
pressure, our primary outcomes. Furthermore, bariatric
surgery proved to be more effective than non-surgical
treatments in reducing fasting blood glucose, hemoglo-
bin A1C, and triglyceride levels. Patients who underwent
bariatric surgery also demonstrated higher HDL levels.
However, the two treatments had no significant differ-
ence in reducing LDL and total cholesterol levels.

The primary outcome of this study was the significant
reduction in systolic and diastolic blood pressure. Previ-
ous systematic reviews have primarily focused on changes
in body weight, fasting plasma glucose, and other factors,
thus underestimating the efficacy of bariatric surgery in
lowering blood pressure, an important risk factor for sev-
eral health issues. Our meta-analysis indicated that the
results significantly favored bariatric surgery over non-
surgical treatments in reducing blood pressure values.
Subgroup analysis showed that the Roux-en-Y gastric
bypass procedure, which is the most commonly per-
formed bariatric surgery in both clinical practice and our
study population, had the most significant positive effect
on reducing both systolic and diastolic blood pressure.
Other modalities, such as laparoscopic adjustable gastric
banding (LAGB), biliopancreatic diversion with duodenal
switch (BPD/DS), duodenal-jejunal bypass liner (DJBL),
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and sleeve gastrectomy, also demonstrated greater reduc-
tions in blood pressure in the surgical group compared to
the non-surgical group. However, these differences were
not statistically significant, possibly due to the smaller
populations undergoing these procedures, resulting in
insufficient data to produce a significant outcome.

The mean reductions in SBP and DBP observed in our
study (-4.506 mmHg and -3.040 mmHg, respectively)
are clinically meaningful, particularly when contextu-
alized within the broader literature on cardiovascular
risk reduction. Evidence from large-scale studies dem-
onstrates that even modest reductions in BP can signifi-
cantly lower the risk of major cardiovascular events. For
instance, a 5-mmHg reduction in SBP has been associated
with a 10% decrease in the risk of cardiovascular events,
including stroke, heart failure, ischemic heart disease, and
cardiovascular mortality [26-28]. Similarly, a 3-mmHg
reduction in DBP has been shown to yield proportional
risk reductions across various age groups, with the great-
est benefits observed in younger populations [27]. Anti-
hypertensive medications achieve varying degrees of BP
reduction depending on the drug class, dose, and treat-
ment intensity. For instance, ACE inhibitors typically
lower BP by -8/-5 mmHg at half the maximum recom-
mended dose, while dual alpha and beta receptor block-
ers reduce BP by -6/-4 mmHg in patients with mild to
moderate hypertension [29, 30]. Similarly, hydrochloro-
thiazide exhibits a dose-dependent effect, with reduc-
tions ranging from - 4/-2 mmHg at 6.25 mg/day to -11/-5
mmHg at 50 mg/day [31]. More intensive regimens, such
as those involving more versus less intense BP-lowering
treatment, achieve greater reductions, with mean SBP/
DBP differences of -11.1/-5.6 mmHg [32]. In comparison,
bariatric surgery achieves BP reductions that are slightly
lower than those of high-intensity pharmacotherapy but
comparable to monotherapy or low-dose combinations.
Importantly, bariatric surgery offers additional benefits
beyond BP control, including sustained weight loss and
improvements in metabolic parameters, which may fur-
ther reduce cardiovascular risk.

Furthermore, the duration of follow-up played an
important role in the significance of our primary out-
come. Studies with less than one year of follow-up and
those with over two years of follow-up showed signifi-
cant results favoring bariatric surgery in reducing both
systolic and diastolic blood pressure. In contrast, stud-
ies with follow-up periods between 12 and 24 months,
although favoring the surgical method, did not dem-
onstrate statistically significant results. This difference
could be due to the rapid weight loss experienced soon
after bariatric surgery, significantly impacting blood pres-
sure within the first year. Over time, as weight loss sta-
bilizes, its immediate effects may diminish. Additionally,
the long-term lifestyle changes adopted by patients after
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surgery might take longer to fully impact blood pressure,
including improved diet and increased physical activ-
ity, leading to significant outcomes only in studies with
extended follow-up periods.

Many of the included patients, in addition to obesity
and hypertension, also suffered from diabetes. The coex-
istence of obesity, hypertension, and diabetes signifi-
cantly decreases the quality of life and plays an important
role as a risk factor for several critical health issues, such
as cardiovascular disease [33-36]. In this context, we
also observed bariatric surgeries’ statistically significant
superiority in FBS and HbA1C values. Unlike our pri-
mary outcome of blood pressure, not only the Roux-en-Y
gastric bypass but also sleeve gastrectomy and laparo-
scopic adjustable gastric banding demonstrated statisti-
cally significant reductions in FBS and HbA1C. However,
while the duodenal-jejunal bypass liner and biliopan-
creatic diversion procedures showed greater reductions
in these values, the results were not statistically signifi-
cant. Regarding the duration of follow-up, the patterns
observed in our primary outcomes were repeated: studies
with follow-ups of less than one year and those with over
two years had statistically significant results, while stud-
ies with follow-up periods between 12 and 24 months did
not show significant results.

Other secondary outcomes include HDL, LDL, total
cholesterol, and triglycerides. It is quite safe and straight-
forward to interpret that people with obesity who need
surgery or medication to achieve a healthy body weight
and BMI often have impaired lipid profiles [37]. They
typically exhibit high levels of LDL, triglycerides, and
total cholesterol, along with low levels of HDL [38]. These
impairments alone can significantly increase the risk of
cardiovascular diseases [39]. When combined with pre-
viously discussed issues like hypertension and diabetes,
these factors can lead to a substantially higher risk of
irreversible events in patients’ lives [40, 41]. Our analy-
sis demonstrated significant results for both HDL and Tg
markers. HDL levels were significantly higher in the sur-
gery group, while Tg levels were higher in the non-surgi-
cal treatment group. Among the surgical methods, RYGB
stood out as a dominant and solid option, showing sta-
tistically significant better results compared to non-sur-
gical methods. However, although bariatric surgery was
favored in reducing LDL and Tc values, the results were
not statistically significant in the overall pooled analysis
of LDL and total cholesterol.

The significant improvements in blood pressure and
metabolic outcomes observed in our study may be par-
tially mediated by changes in adipokine profiles follow-
ing bariatric surgery. One such adipokine, omentin-1,
has been shown to play a key role in improving insulin
sensitivity, glucose metabolism, and cardiovascular func-
tion. Omentin-1 is secreted by visceral fat, and its levels
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are inversely correlated with waist circumference and
insulin resistance. In obese patients undergoing bariat-
ric surgery, increased serum omentin-1 levels have been
associated with improved diastolic cardiac function and
reduced cardiovascular risk [42].

In recent years, bariatric surgery has become increas-
ingly prevalent due to the rising rates of obesity and
associated metabolic disorders [43, 44]. This surge in
surgical interventions is driven by the significant benefits
observed, such as substantial weight loss and improve-
ments in conditions like hypertension, diabetes, and dys-
lipidemia [45, 46]. While bariatric surgery is increasingly
recognized for its significant benefits, non-surgical treat-
ments remain a critical component of obesity manage-
ment, particularly for patients who are not candidates for
surgery or prefer less invasive options [47]. Non-surgical
treatments for obesity include pharmacological therapies,
dietary interventions, lifestyle modifications, and behav-
ioral counseling. Pharmacological agents, such as orlistat,
liraglutide, and semaglutide, have effectively achieved
weight loss and improved metabolic parameters, partic-
ularly in patients with obesity and type 2 diabetes [48].
However, the long-term sustainability of these results
often depends on continued medication use. Dietary and
lifestyle interventions, such as low-calorie diets com-
bined with regular physical activity, remain foundational
approaches for obesity management. However, the extent
of weight loss achieved with these methods is typically
modest, with adherence posing a significant challenge.
Behavioral interventions aim to support sustained life-
style changes, though their long-term efficacy can vary
depending on individual patient factors [49]. While
non-surgical methods are less invasive and may benefit
patients with mild to moderate obesity, they are gener-
ally less effective in achieving substantial and sustained
weight loss or resolving comorbidities, particularly in
patients with severe obesity or those who fail initial ther-
apy. Combining these strategies, such as pairing pharma-
cotherapy with lifestyle changes, may enhance outcomes
but still falls short of the efficacy observed with bariatric
surgery [15]. However, it is crucial to acknowledge the
potential risks associated with bariatric surgery, includ-
ing surgical complications [50], so it is of utmost impor-
tance that the medical care team of the patient have all
the data on trials on this matter so far included in one
study to have a better vision In making the decision to
allocate each patient to what modality of treatment.

The broader literature highlights important risks asso-
ciated with bariatric surgery that should be considered in
clinical decision-making. Bariatric surgery has been asso-
ciated with higher rates of gastrointestinal complications,
such as anastomotic leaks, ulcers, and internal hernias,
as well as nutritional deficiencies, including iron defi-
ciency and hypovitaminosis B12 [4, 51, 52]. For example,
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a cohort study of 1,888 patients with severe obesity found
that bariatric surgery was associated with a 16% increased
risk of gastrointestinal surgery, a 4.7% increased risk of
gastroduodenal ulcers, and a 14% increased risk of iron
deficiency compared to medical treatment [52]. Similarly,
randomized trials have reported hospitalization rates of
up to 11% following gastric bypass, primarily due to com-
plications such as abscesses, ulcers, and cholelithiasis
[51].

Despite these risks, bariatric surgery is generally con-
sidered safe, with mortality rates as low as 0.1% in-hos-
pital and 0.3% at 30 days, reflecting improvements in
surgical techniques and patient care protocols [4]. The
most common causes of mortality include sepsis, car-
diac events, and pulmonary embolism, while morbidity is
often driven by cardiovascular events, pulmonary issues,
and gastrointestinal complications. Nutritional deficien-
cies, particularly after malabsorptive procedures like bil-
iopancreatic diversion, remain a significant concern and
require long-term monitoring and supplementation [4].

Given the significance of this topic, numerous stud-
ies have been conducted, though their results have not
always been consistent. In a study by L. Sjostrom et al.,
bariatric surgery led to significant long-term weight loss
and improved cardiovascular risk factors. However, there
were no significant differences in blood pressure changes
between the surgical and non-surgical groups over the
10-year follow-up period [11]. In another study, Although
bariatric surgery greatly enhanced metabolic parameters
and facilitated weight loss, Wu and colleagues found that
it did not show significant differences in blood pressure
changes compared to non-surgical methods over five
years [12]. Additionally, Mingrone and colleagues dis-
covered that over a ten-year follow-up period, metabolic
surgery was more effective at managing type 2 diabetes
and aiding weight loss compared to conventional medical
therapy. However, there were no significant differences in
blood pressure changes between the groups undergoing
surgical and medical treatments [15]. On the other hand,
multiple observational studies and secondary analyses
of randomized trials have indicated that subjects who
undergo bariatric surgery exhibit higher remission rates
of hypertension compared to those who do not have the
surgery [13, 14, 16].

These inconsistencies may stem from differences in
study designs, populations, and follow-up durations. Fur-
thermore, variability in non-surgical treatment protocols,
the inclusion of patients with different comorbidities, and
different surgical techniques likely contribute to these
divergent results.

Thus, it is crucial to reach a firm conclusion on this
matter. The importance of this study lies in its compre-
hensive analysis, which includes a larger number of
patients compared to previous research. This extensive
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sample size enhances the reliability of the results, mak-
ing the findings more robust and generalizable. Conse-
quently, the study offers valuable insights for the patient’s
care team, facilitating informed decisions about treat-
ment options. The significant patient inclusion and rig-
orous methodology make this study one of the most
impactful in the field, providing clear evidence that sup-
ports the superior efficacy of bariatric surgery in manag-
ing obesity and related comorbidities.

Limitations

Several limitations should be acknowledged. First, the
study population was predominantly from Europe and
the USA, which may limit the generalizability of our find-
ings to other populations, particularly those in Asia, the
Middle East, and Africa. Future studies should focus on
multi-ethnic populations to improve the external validity
of these results. Additionally, the inclusion criteria may
have restricted real-world observational data, leading to
potential selection bias. While our analysis was based
solely on randomized controlled trials to ensure meth-
odological rigor, observational studies can provide valu-
able insights into long-term outcomes in broader patient
populations. Second, the wide range of publication years
for the included studies means that the medications used
in non-surgical groups have evolved, with newer medi-
cations being more effective. However, even in recent
studies, bariatric surgery remains a more effective option
compared to non-surgical methods for achieving the
desired outcomes [17, 53]. Third, we observed moder-
ate to strong evidence of heterogeneity in analyses of
some of our endpoints, which is consistent with the issue
reported in several previous meta-analyses [54—56].
Fourth, our study lacks reported data on complications
and adverse events, such as malnutrition, dumping syn-
drome, and surgical mortality, in the included RCTs.
This restricts our ability to compare the risks of bariat-
ric surgery with non-surgical interventions. Lastly, there
was a lack of studies addressing the quality of life of the
patients, which could have connected various factors and
biomarkers to the day-to-day experiences of those suf-
fering from obesity, hypertension, and other comorbidi-
ties. Further trials and studies reporting not only factors
like blood pressure, blood glucose, and lipid profiles but
also measures of quality of life are needed to enhance
decision-making.

Conclusion

In conclusion, this systematic review and meta-analysis
of 29 randomized clinical trials underscores the superior
efficacy of bariatric surgery over non-surgical treatments
in managing obesity and associated metabolic disorders.
Our findings indicate that bariatric surgery significantly
reduces systolic and diastolic blood pressure, fasting
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blood glucose, hemoglobin A1C, and triglyceride levels
while increasing HDL levels. Among the various surgical
modalities, Roux-en-Y gastric bypass demonstrated the
most significant impact on these outcomes. The extensive
sample size of this study provides robust and generaliz-
able evidence, offering valuable insights for patient care
teams. These findings affirm the critical role of bariat-
ric surgery in managing obesity and improving related
health conditions such as hypertension, diabetes, and
dyslipidemia, supporting its use as an effective treatment
option.
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