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Abstract

Background: A key component of treating extreme
obesity and the related metabolic syndrome is bariatric
surgery. The purpose of this research was to assess the
long-term effects of bariatric surgery on patients'
cardiovascular and metabolic health at the Rehman
Medical Institute General Hospital in Peshawar.
Methods: A retrospective cohort research was carried
out on 120 patients who had bariatric surgery performed
between 2018 and 2020 (Roux-en-Y gastric bypass,
sleeve gastrectomy, or adjustable gastric banding). Over
the course of a 5-year follow-up period, data on weight
reduction, glycemic control (as determined by fasting
blood glucose and HbAi1c levels), lipid profiles, blood

pressure, cardiovascular events, and death were
gathered.
Results: Following surgery, there were notable

improvements in every metabolic parameter. The
average weight loss was 27.5 kg, and after five years, the
average BMI decreased by 9.5 kg/m2. With mean fasting

blood glucose dropping to 104.7 mg/dL and HbA1ic to
6.6%, there was a significant improvement in glucose
management. Positive alterations in blood pressure and
lipid profiles were also seen. Both mortality and the
incidence of cardiovascular events sharply decrease.
Conclusion: This 5-year research shows that bariatric
surgery, especially Roux-en-Y gastric bypass, is very
beneficial in treating metabolic syndrome and
cardiovascular health in addition to causing long-term
weight reduction. The results of this study support the
notion that bariatric surgery is an essential option for the
treatment of extreme obesity and its concomitant
conditions. To improve long-term results, further
research is required to improve surgical technique and
patient selection criteria.

Keywords: Bariatric Surgery, Metabolic Syndrome X,
Cardiovascular Diseases, Body Weight Reduction, Roux-
en-Y Anastomosis

Introduction

The metabolic syndrome, which is marked by insulin
resistance, hypertension, dyslipidemia, and central
obesity, is strongly linked to type 2 diabetes mellitus
(T2DM) and cardiovascular diseases (CVD) [1]. As such,
it is a significant public health problem. Effective
therapies are critically needed, since the incidence of
metabolic syndrome has increased in tandem with the
rise in obesity rates worldwide. Despite being common
strategies, medication and lifestyle changes often fall
short of helping many individuals lose weight and
improve their metabolism [2,3]. Originally designed as a
weight-loss strategy, bariatric surgery has become well-
known for its significant and long-lasting impacts on
metabolic health. In addition to helping patients lose a

large amount of weight, procedures including sleeve
gastrectomy, adjustable gastric banding, and Roux-en-Y
gastric bypass (RYGB) also cause significant changes in
metabolic indices [4]. Together, these modifications—
which decrease blood pressure, enhance lipid profiles, and
improve glycemic control—reduce the risk of
cardiovascular events [5].

It is well known that bariatric surgery is a very successful
short-term treatment for attaining substantial weight
reduction and metabolic benefits. Soon after surgery,
patients often see a quick improvement in their T2DM and
other metabolic syndrome symptoms [6]. More research
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is necessary to determine if these advantages will last
over the long run and how they will affect cardiovascular
health. To assess the full potential of bariatric surgery as
a therapy for metabolic syndrome and to inform clinical
practice, it is essential to comprehend these long-term
results [7,8]. Numerous investigations on the immediate
and short-term consequences of bariatric surgery have
shown significant improvements in cardiovascular risk
factors, insulin sensitivity, and weight loss [9-11].
Notwithstanding these encouraging results, a dearth of
thorough information persists on the long-term
consequences of bariatric surgery, especially with respect
to the durability of metabolic gains and the frequency of
cardiovascular events and death during protracted
follow-up periods. Furthermore, it is unclear how
different results depend on the kind of bariatric
treatment that is done, thus further study is required to
identify the best surgical strategy.

By methodically evaluating the long-term effects of
bariatric surgery on metabolic syndrome and
cardiovascular health, this study seeks to fill in the
research gaps that currently exist. The study will
specifically assess the longevity of metabolic gains, the
frequency of cardiovascular events, and the overall death
rate among individuals who have had bariatric surgery.
In addition, the research will evaluate the long-term
efficacy of various bariatric operations and pinpoint
variables associated with favorable long-term results.
The goal of this study is to close these knowledge gaps in
order to improve the long-term care of patients with
metabolic syndrome and severe obesity by offering
insightful information for therapeutic decision-making.

Materials and methods

Study Design and Location

This research was carried out at the Rehman Medical
Institute General Hospital in Peshawar and was intended
to be a longitudinal cohort study. The purpose of the
research was to evaluate the long-term effects of bariatric
surgery on patients' metabolic syndrome and
cardiovascular health who had the procedure performed
at this facility.

Sample Size Calculation

To guarantee that there would be sufficient power to
identify meaningful differences in long-term outcomes, a
sample size calculation was done. With a 5% significance
level, 80% power, and a 20% improvement in metabolic
syndrome measures after surgery, the minimum number
of patients needed for the study was calculated to be at
least 100. In order to accommodate for possible
discontinuations and patients lost to follow-up, the final
sample size was expanded to 120.

Participants

The research comprised 120 individuals who had
bariatric surgery at Rehman Medical Institute in the
period from January 2018 to December 2020. Adults
between the ages of 18 and 65 who were diagnosed with
metabolic syndrome and had a body mass index (BMI) of

at least 35 kg/m2 were eligible participants. Individuals
with insufficient medical information or those who have
undergone bariatric surgery in the past were excluded.

Data Collection
Retrospective data collection was conducted using patient
follow-up visits and electronic health records.

Demographic data, BMI, and specific metabolic and
cardiovascular parameters, such as blood pressure, lipid
profiles, fasting blood glucose, HbA1c, and history of
cardiovascular events, were included in the baseline data.
At 1, 3, and 5 years after the operation, follow-up data
were gathered, including further measures of
cardiovascular and metabolic markers. Missing follow-up
data were handled using imputation techniques and the
analysis adjusted for potential bias due to lost-to-follow-
up patients.

Surgical Procedures

Three bariatric operations were performed on the
participants: adjustable gastric banding (AGB), sleeve
gastrectomy (SG), or Roux-en-Y gastric bypass (RYGB).
Patient desire, surgeon suggestion, and specific medical
factors all played a role in the operation selection.

Outcome Measures

At 1, 3, and 5 years after surgery, the main outcome
measures were changes in the elements of metabolic
syndrome, such as fasting blood glucose, HbA1c, lipid
profiles, and blood pressure. The incidence of
cardiovascular events (heart attack, stroke) and total
mortality during the course of the follow-up period were
secondary outcomes.

Statistical Analysis

The baseline parameters and the follow-up data were
summarized using descriptive statistics. Metabolic
parameter changes over time were compared using
repeated-measures ANOVA and paired t-tests. To
evaluate the incidence of cardiovascular events and
overall mortality, Kaplan-Meier survival analysis was
used. After controlling for relevant confounders such age,
sex, baseline BMI, and type of bariatric treatment,
multivariate regression models were used to determine
predictors of effective long-term results.

Results

The research comprised 120 individuals in total who had
bariatric surgery. The group had a mean age of 42.5 + 10.3
years, with 72 women (60%) and 48 men (40%). At
baseline, the mean BMI was 42.7 + 5.4 kg/m2. At baseline,
all patients satisfied the criteria for metabolic syndrome,
with the mean values of the following metabolic
parameters: According to table 1, fasting blood glucose
was 126.8 + 18.4 mg/dL, HbA1c was 7.8 + 1.3%, total
cholesterol was 214.6 + 34.7 mg/dL, LDL cholesterol was
136.2 + 28.9 mg/dL, and HDL cholesterol was 41.3 + 9.2
mg/dL. Systolic blood pressure was 142.6 + 18.3 mmHg,
and diastolic blood pressure was 89.3 + 11.2 mmHg.
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Table 1: Baseline Characteristics of the Study Population

Characteristic Total (n =120) | RYGB (n = 50) SG (n = 45) AGB (n = 25)
Age (years) 42.5 + 10.3 41.8 + 10.1 42.3 + 10.6 44.2 + 10.7
Gender (Male/Female) 48/72 20/30 18/27 10/15

BMI (kg/m?2) 42.7 £ 5.4 43.1+ 5.2 42.5 £ 5.5 41.9 £ 5.6
Fasting Blood Glucose (mg/dL) | 126.8 +18.4 128.3 + 19.1 126.1 + 18.0 125.7 + 18.2
HbA1c (%) 7.8 £ 1.3 7.9 + 1.4 7.7 £ 1.3 7.8 £ 1.2
Total Cholesterol (mg/dL) 214.6 £ 34.7 216.2 + 35.1 213.4 + 34.3 212.8 + 34.6
LDL Cholesterol (mg/dL) 136.2 + 28.9 137.5 + 29.3 135.4 + 28.6 134.8 + 28.8
HDL Cholesterol (mg/dL) 41.3+ 9.2 40.8 £ 9.4 41.6 £ 9.1 41.9 £ 9.0
Systolic BP (immHg) 142.6 + 18.3 143.7 + 18.5 142.1 + 18.2 141.5 + 18.1
Diastolic BP (mmHg) 89.3 £ 11.2 90.1 + 11.3 88.7 £ 11.1 89.0 + 11.0

Out of the 120 patients, 25 (20.8%) had adjustable gastric
banding (AGB), 45 (37.5%) had sleeve gastrectomy (SG),
and 50 (41.7%) had Roux-en-Y gastric bypass (RYGB).
Patient desire, surgeon suggestion, and specific medical
factors all played a role in the operation selection. Of the
original group, 110 patients (91.7%) finished the follow-
up after a year, 105 patients (87.5%) finished the follow-
up after three years, and 100 patients (83.3%) finished
the follow-up after five years. The remaining patients
were lost to follow-up for wunidentified reasons,
relocation, or failure to show up for follow-up
appointments.

The average weight loss at one year after surgery was 32.4
+ 8.1 kg, which translated into an average BMI decrease
of 11.2 + 2.7 kg/m?2. The average weight loss after three
and five years was 29.8 + 7.4 kg and 10.3 + 2.5 kg/m?2,
respectively, with a BMI decrease of 9.5 + 2.3 kg/m2 and
27.5 + 6.9 kg, respectively. The SG and AGB groups lost
the least amount of weight, whereas the RYGB group had
the greatest reduction. After surgery, there were notable
gains in glycemic control. At baseline, the mean fasting
blood glucose was 126.8 + 18.4 mg/dL; after one year, it
was 98.3 + 12.7 mg/dL; after three years, it was 101.5 +
13.2 mg/dL; and after five years, it was 104.7 + 14.6
mg/dL (p < 0.001). In the same way, the average HbA1c
values dropped (p < 0.001) from 7.8 + 1.3% at baseline to
6.2 £ 0.9% at one year, 6.4 + 1.0% at three years, and 6.6

Table 2: Changes in Metabolic Parameters Over 5 Years

+ 1.1% at five years. The greatest significant decreases in
HbA1c and fasting blood glucose were seen in the RYGB
group.

Lipid profile improvements persisted over the follow-up
time. From 214.6 + 34.7 mg/dL at baseline to 174.9 + 29.8
mg/dL after one year, 178.7 + 30.1 mg/dL at three years,
and 183.2 + 31.5 mg/dL at five years (p < 0.001), the mean
total cholesterol dropped. From 136.2 + 28.9 mg/dL at
baseline to 101.3 + 24.1 mg/dL after one year, 105.2 + 25.6
mg/dL at three years, and 109.7 + 26.8 mg/dL at five
years, the mean LDL cholesterol dropped (p < 0.001).
From 41.3 + 9.2 mg/dL at baseline to 52.6 + 10.4 mg/dL
at one year, 50.9 + 9.8 mg/dL at three years, and 49.7 +
9.5 mg/dL at five years (p < 0.001), the mean HDL
cholesterol rose. The RYGB group showed the most
improvements in their lipid profiles (Table 2).

From 142.6 + 18.3 mmHg at baseline to 124.5 + 14.7
mmHg after one year, 127.3 + 15.1 mmHg at three years,
and 129.6 + 16.4 mmHg at five years (p < 0.001), the mean
systolic blood pressure dropped. From 89.3 + 11.2 mmHg
at baseline to 78.6 + 9.8 mmHg after one year, 80.1 + 10.3
mmHg at three years, and 82.2 + 10.9 mmHg at five years
(p < 0.001), the mean diastolic blood pressure dropped.
Table 2 illustrates that the RYGB group had the greatest
drops in both systolic and diastolic blood pressure.

Parameter Baseline 1 Year 3 Years 5 Years p-value
Weight Loss (kg) - 32.4 + 8.1 20.8 + 7.4 27.5+ 6.9 <0.001
BMI (kg/m?2) 42.7 + 5.4 31.5 + 4.7 32.4 + 4.9 33.2+ 5.1 <0.001
Fasting Blood Glucose (mg/dL) 126.8 +18.4 | 98.3+12.7 101.5 + 13.2 104.7 + 14.6 <0.001
HbA1c (%) 7.8 £1.3 6.2+ 0.9 6.4 1.0 6.6 £ 1.1 <0.001
Total Cholesterol (mg/dL) 214.6 + 34.7 | 174.9 £+ 29.8 | 178.7 + 30.1 183.2 + 31.5 <0.001
LDL Cholesterol (mg/dL) 136.2 £ 28.9 | 101.3 + 24.1 105.2 £ 25.6 | 109.7 £ 26.8 | <0.001
HDL Cholesterol (mg/dL) 41.3+9.2 52.6 + 10.4 50.9 + 9.8 49.7 £ 9.5 <0.001
Systolic BP (mmHg) 142.6 £ 18.3 124.5 + 14.7 127.3 + 15.1 120.6 + 16.4 <0.001
Diastolic BP (mmHg) 89.3 £ 11.2 78.6 £ 9.8 80.1 £10.3 82.2 +10.9 <0.001

Of the patients followed up for five years, eight (6.7%)
had a cardiovascular incident. There were 4 cases of
myocardial infarction and 2 cases of stroke with an
incidence of 3.3% and 1.7%, respectively. A total of two
individuals (1.7%) had a stroke and a myocardial
infarction. Three individuals made up the 2.5% total
mortality rate. Two of the patients died from
cardiovascular events, while one patient died from non-
cardiovascular reasons.

Those who had SG and AGB procedures showed the

greatest improvements in metabolic indices, while those
who had RYGB procedures showed the greatest
improvements. After five years, the average BMI
decreases for SG, AGB, and RYGB were 8.7 + 2.2 kg/m2,
10.1 + 2.4 kg/m2, and 6.5 + 1.9 kg/m2, respectively (p <
0.001). Improvements in lipid profiles, blood pressure,
HbA1c, fasting blood glucose, and RYGB showed the most
advantages, with similar patterns seen. According to
figure 1, the SG and AGB groups had higher rates of
cardiovascular events and death than the RYGB group.
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Figure 1: Comparison of Bariatric Procedures at 5 Years

The weight loss at 5 years was as follows: the SG group
lost 29.1 + 6.8 kg (mean BMI reduction of 10.5 + 2.6
kg/m2), the AGB group lost 21.2 + 5.9 kg (mean BMI
reduction of 7.7 + 2.1 kg/m?2), and the RYGB group lost
34.2 £ 7.6 kg (mean BMI reduction of 12.3 + 2.9 kg/m?2).
Five years later, the mean fasting blood glucose levels for
SG, AGB, and RYGB were 105.6 + 14.2 mg/dL, 112.3 + 16.1
mg/dL, and 98.4 + 13.5 mg/dL, respectively. The average
HbA1c values for SG, AGB, and RYGB were 6.7 + 1.0%,
7.0 + 1.2%, and 6.3 + 0.9%, respectively. After five years,
the average total cholesterol levels for SG, AGB, and
RYGB were 184.2 + 29.9 mg/dL, 192.8 + 31.3 mg/dL, and
168.4 + 27.5 mg/dL, respectively. For RYGB, SG, and

Table 3: Cardiovascular Events and Mortality Over 5 Years

AGB, the mean LDL cholesterol values were 95.7 + 22.8
mg/dL, 108.4 + 25.2 mg/dL, and 117.3 + 27.1 mg/dL,
respectively. The average HDL cholesterol values for
RYGB were 54.3 + 10.7 mg/dL, SG was 49.2 + 9.6 mg/dL,
and AGB was 45.6 + 9.1 mg/dL. After five years, the mean
systolic blood pressure readings for SG, AGB, and RYGB
were 130.2 + 15.4 mmHg, 134.7 + 16.1 mmHg, and 121.4
+ 13.9 mmHg, respectively. Table 3 displays the mean
diastolic blood pressure values for RYGB, SG, and AGB,
which were 76.4 + 9.1 mmHg, 82.6 + 10.7 mmHg, and
85.3 + 11.4 mmHg, respectively.

Outcome Total (n =120) | RYGB (n =50) | SG(n=45) | AGB (n = 25)
Cardiovascular Events 8 (6.7%) 2 (4.0%) 3 (6.7%) 3 (12.0%)
Myocardial Infarction 4 (3.3%) 1(2.0%) 1(2.2%) 2 (8.0%)
Stroke 2 (1.7%) 1(2.0%) 1(2.2%) 0 (0.0%)
Both Myocardial Infarction and Stroke | 2 (1.7%) 0 (0.0%) 1(2.2%) 1(4.0%)
Mortality 3 (2.5%) 0 (0.0%) 1(2.2%) 2 (8.0%)
Cardiovascular Causes 2 (1.7%) 0 (0.0%) 1(2.2%) 1(4.0%)
Non-Cardiovascular Causes 1(0.8%) 0 (0.0%) 0 (0.0%) 1(4.0%)

Numerous determinants of favorable long-term results
were found using multivariate regression analysis. At five
years, a lower baseline BMI, younger age, and RYGB
treatment were all substantially linked to higher BMI
reductions, better glycemic management, and better lipid
profiles (p < 0.05). In particular, the mean BMI decrease
for patients under 40 years of age was 10.8 + 2.6 kg/m2,
whereas the mean reduction for patients over 40 years of

age was 8.6 + 2.4 kg/m2 (p < 0.01).

Table 4 shows that patients with a baseline BMI of <45
kg/m2 saw a mean decrease of 10.4 + 2.5 kg/m2, whereas
patients with a baseline BMI of >45 kg/m2 experienced
an 8.9 + 2.3 kg/m2 reduction (p < 0.01).
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Table 4: Predictors of Successful Long-Term Outcomes

Predictor BMI Reduction | Improved Glycemic | Improved Lipid
(kg/m2) Control Profile
Younger Age (<40 years) 10.8 £ 2.6 Yes Yes
Older Age (>40 years) 8.6 +2.4 No No
Baseline BMI <45 kg/m?2 10.4 + 2.5 Yes Yes
Baseline BMI >45 kg/m?2 89+23 No No
Underwent RYGB 10.1 £ 2.4 Yes Yes
Underwent SG 87+2.2 No No
Underwent AGB 6.5+ 1.9 No No
Discussion

This research looked at the long-term effects of bariatric
surgery on cardiovascular health and metabolic
syndrome in 120 patients at the Rehman Medical
Institute General Hospital in Peshawar. Significant and
long-lasting improvements in metabolic indicators, such
as blood pressure, lipid profiles, weight reduction, and
glycemic management, were seen over a 5-year follow-up
period. Furthermore, there was a significant reduction in
the frequency of cardiovascular events and death. Out of
all the bariatric treatment types, Roux-en-Y gastric
bypass (RYGB) was linked to the most significant
advantages. Our study's two-year mean weight loss of
27.5 kg and five-year mean BMI reduction of 9.5 kg/m2
are consistent with results from previous long-term
bariatric surgery studies [12]. Ten years after surgery, the
Swedish Obese Subjects (SOS) research showed a mean
weight loss of 25.1 kg and a BMI decrease of 7.5 kg/m2,
demonstrating the long-term effectiveness of bariatric
surgeries in managing weight [13]. Higher weight
reduction was seen in individuals following RYGB as
opposed to SG and AGB, which is in line with other
studies that often found RYGB to be the most successful
bariatric treatment for long-term weight loss [14].

Our research showed significant improvements in
glycemic management, as shown by lower fasting blood
glucose and HbA1c values. After five years, the HbA1c
was 6.6% and the mean fasting blood glucose was 104.7
mg/dL. These outcomes support those of previous
research that have shown the effectiveness of bariatric
surgery in bringing type 2 diabetes into remission and
keeping it there [15,16]. For instance, a research found
that individuals receiving RYGB had a 29% 5-year
remission rate for type 2 diabetes, compared to 23% for
SG and 14% for AGB. Numerous studies demonstrating
RYGB's greater effectiveness in diabetes remission
corroborate our study's conclusion that RYGB produced
the greatest improvements in glycemic control [17].

Over the course of the five years, our research found that
lipid profiles and blood pressure significantly and
consistently improved. These results are in line with
other research that shows how bariatric surgery reduces
cardiovascular risk factors [18]. After five years after
surgery, the STAMPEDE study found substantial
improvements in lipid profiles and decreases in blood
pressure, with RYGB exhibiting the most notable results
[19]. Our research's findings, which are consistent with
those of the SOS trial and other long-term studies on
bariatric surgery, show a rise in HDL cholesterol and a
reduction in LDL and total cholesterol [20].

Our study's decrease in cardiovascular events and death is
consistent with other findings that show bariatric surgery
has cardioprotective benefits. According to a meta-
analysis, bariatric surgery dramatically lowers the risk of
cardiovascular events, including myocardial infarction,
which is decreased by 56%, and stroke, which is reduced
by 48%. Other studies demonstrating the improved
cardiovascular advantages of RYGB corroborate our
study's finding that the RYGB group had a lower incidence
of cardiovascular events than the SG and AGB groups [21].

In this research, favorable long-term results were shown
to be predicted by younger age, lower baseline BMI, and
RYGB. The results of other studies align with these
factors. It has been shown that individuals who are
younger and have a lower baseline BMI lose more weight
after surgery and have changes in their metabolism [22].
Furthermore, the better results linked to RYGB are
consistent with the larger body of research, which often
suggests RYGB for patients looking for the most long-term
advantages.

Strengths and Limitations

The strong methodology of this research, which includes
a large sample size and a lengthy follow-up period of five
years, is what makes it so strong. Due to these variables, a
thorough evaluation of various bariatric surgeries and
their long-term effects on cardiovascular and metabolic
health was possible. Because the research was carried out
in a real hospital, it is possible that the results may be
applied to other comparable healthcare settings,
increasing its relevance and usefulness in actual practice.
Nonetheless, a few restrictions must be noted. Due to the
possibility of uncontrolled variables influencing patient
outcomes, the retrospective approach may create
selection bias. Furthermore, even though every attempt
was made to reduce follow-up loss, certain participants'
missing data may have an influence on the overall
reliability and completeness of the results. Furthermore,
the lack of a non-surgical control group makes it more
difficult to compare patients who had bariatric surgery
directly to those who did not, which may have revealed
important information about the actual effectiveness of
these treatments.

Implications for Practice and Future Research

The results of this research support the effectiveness of
bariatric surgery as a long-term strategy for managing
obesity, metabolic syndrome, and cardiovascular risk. It
seems that RYGB in particular has the most advantages.
When considering bariatric surgery to patients with
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extreme obesity and metabolic syndrome, clinicians
should take these outcomes into account. To further
confirm these results, future studies should concentrate
on prospective, randomized controlled trials with bigger
sample numbers and longer follow-up periods.
Furthermore, investigating the processes behind the
varying results of different bariatric operations may
provide valuable information for improving surgical
techniques and patient selection.

Conclusion

The long-term benefits of bariatric surgery, especially
Roux-en-Y gastric bypass, in enhancing metabolic
syndrome and cardiovascular health are well supported
by the data presented in this research. Significant and
long-lasting benefits in weight reduction, lipid profiles,
glycemic management, and cardiovascular outcomes
were seen over a 5-year follow-up period. These results
highlight the importance of bariatric surgery as a
treatment option for treating extreme obesity and
associated illnesses. To improve results in this patient
group, further research should concentrate on improving
surgical technique and patient selection criteria.
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