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Abstract
The purpose of this study was to compare bariatric surgery versus non-surgical treatment on blood pressure for patients 
with obesity. Nineteen RCTs (1353 total patients) were included. In the pooled analyses, bariatric surgery reduces more 
systolic blood pressure (WMD: − 3.937 mmHg, CI95%: − 6.000 to − 1.875, p < 0.001,  I2 = 0%), diastolic blood pres-
sure (WMD: − 2.690 mmHg, CI95%: − 3.994 to − 1.385, P < 0.001,  I2 = 0%) and more antihypertensives. In subgroup 
analyses, patients after Roux-en-Y gastric bypass, with poor control of hypertension (BP > 130/80 mmHg) and diabetes 
mellitus (HbA1C > 7.0%, FPG > 7.0 mmol/L), elder patients (> 45 years), non-severe obesity (BMI < 40 kg/cm2, body 
weight < 120 kg), less waist circumference (< 115 cm) tend to decrease more blood pressure. Besides, patients after surgery 
also lost more weight (p < 0.001), decreased more waist circumference (p < 0.001), fasting plasma glucose (p < 0.001), 
glycosylated hemoglobin (p < 0.001), triglycerides (p < 0.001), hsCRP (p = 0.001), increased more high-density lipoprotein 
cholesterol (p < 0.001), and had better remission of metabolic syndrome (p < 0.001). Changes in total cholesterol, low-density 
lipoprotein cholesterol, renal function, resting heart rate, and 6-min walking test were not significantly different. Therefore, 
bariatric surgery is more effective than non-surgical treatment in controlling patients’ blood pressure.

Keywords Bariatric surgery is a more effective way of controlling patients' blood pressure · RYGB has the most certain 
efficacy on blood pressure reduction among all surgeries · LAGB has no advantage in blood pressure control compared to 
non-surgical treatment

Introduction

Hypertension is the leading cause of death and disability-
adjusted life-years worldwide [1]. Lowering blood pressure 
can significantly reduce cardiovascular disease and death 
[2]. Obesity and overweight are the main risks of hyper-
tension [3]. Blood pressure elevated is associated with an 
increase in body mass index [4]. Weight loss treatment can 
effectively lower blood pressure and reduce cardiovascular 
disease and death [5, 6].

The most common treatment options for obesity are non-
surgical treatment and bariatric surgery [7]. Non-surgical 
treatment based on lifestyle modifications, exercise, and 
pharmacological therapy presents a limited efficacy, possi-
bly because of the difficulty in adhering to lifestyle changes 
and concerning about the safety of anti-obesity drugs [7, 8]. 
So that, researchers are increasingly focusing on the poten-
tial benefits of bariatric surgery in reducing cardiovascular 
risk and controlling hypertension [9]. The SOS study [10] 
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and cohort study conducted by Wu et al. [11] demonstrated 
no differences in blood pressure between surgery and non-
surgical group. The randomized controlled trial conducted 
by Mingrone et al. [12] shows no significant additional 
benefit after bariatric surgery in lowering blood pressure. 
A meta-analysis of RCT in 2013 also found that patients in 
the operation group did not decrease more blood pressure 
[13]. However, with more evidence emerges, Schiavon et al. 
[14] revealed that patients who underwent bariatric surgery 
had a more significant drop in blood pressure and antihy-
pertensives. It is time to reevaluate the efficacy of bariatric 
surgery on blood pressure.

Materials and Methods

Search Strategy

We conducted a systematic review of the English language 
literature published up to May first, 2021, by searching 
abstracts MEDLINE via PubMed, Embase, the Cochrane 
library, and Clinical Trials Registry, using the search 
terms:(bariatric surgery OR obesity surgery OR metabolic 
surgery OR digestive system surgical procedures OR gastric 
bypass OR gastrointestinal surgery OR laparoscopic adjusta-
ble gastric banding OR LAGB OR Roux-en-Y gastric bypass 
OR sleeve gastrectomy OR (duodenal AND switch)) AND 
(medical therapy OR non-surgical treatment OR behavio-
ral therapy OR dietary changes OR (reducing AND energy 
intake) OR pharmacotherapies OR physical activity) AND 
blood pressure. Additional cross-referencing was carried out 
for all the included studies. This systematic review was per-
formed according to the recommendations of the preferred 
reporting items for systematic reviews and meta-analyses 
(PRISMA) guidelines. Two researchers (LW and JY) inde-
pendently searched for literature, selected studies, assessed 
quality, and extracted data from articles and then cross-
checked. Any disagreement was resolved by consulting a 
third reviewer (ML).

Eligibility Criteria

Studies were eligible if they were randomized controlled tri-
als(≥ 12-month follow-up); included individuals with a body 
mass index ≥ 28; investigated all currently available bariatric 
surgeries (including laparoscopic adjustable gastric banding 
(LAGB), Roux-en-Y gastric bypass (RYGB), sleeve gastrec-
tomy (SG), biliopancreatic diversion with duodenal switch 
(BPD/DS), vertical banded gastroplasty, duodenal-jejunal 
bypass liner (DJBL)); investigated as comparator non-
surgical treatment for obesity (diet, weight reducing drugs, 
behavioral therapy); and reported changes in blood pressure 
or changes in the use of antihypertension medications.

Risk of Bias

The risks of bias were assessed for all studies by two 
researchers (LW and JY) independently using the Cochrane 
collaboration’s tool and risk of bias tool, which evaluates 
the selection, performance, detection, attrition, and report-
ing bias.

Data Extraction

The primary outcome was the mean change of systolic blood 
pressure, diastolic blood pressure, and antihypertensives. 
Furthermore, secondary outcomes comprised change in 
body weight (BW); body mass index (BMI); waist circum-
ference (WC); fasting plasma glucose (FPG); glycosylated 
hemoglobin (HbA1c); fasting levels of plasma triglycerides 
concentration (TG), total cholesterol concentration (TC), 
high-density and low-density lipoproteins cholesterol con-
centration (HDL and LDL), remission of metabolic syn-
drome, 6-min walk test, resting heart rates, serum creatinine 
(Scr), glomerular filtration rate (GFR), and lipid-lowering 
medications and antidiabetic drugs, along with adverse 
events. We extracted the outcome parameters of all the 
included studies by using a standardized data form.

Statistical Analyses

The Stata software (v16.0, StataCorp LP, College Sta-
tion, TX, USA) was used for statistical analysis. Individual 
weighted mean difference (WMD) and 95% confidence 
interval (95% CI) were calculated from each trial for con-
tinuous data. Relative risks (with 95% confidence intervals) 
were calculated for dichotomous data.

Outcome measures were quantitatively summarized using 
the DerSimonian and Laird method random-effects model 
[15]. For some studies, the mean change from baseline to 
end of follow-up was calculated. Missing standard devia-
tions were derived from other statistics, such as confidence 
intervals and standard error. Because no other statistic was 
available, several studies’ standard deviations were substi-
tuted by the mean standard deviations of similar studies 
[16]. For example, the standard deviation of the Tur’s (2013) 
[17] study was replaced by the standard deviation of the 
Mingrone (2021) [12] study’s BPD group. Some data were 
obtained from other reports of the same research.

We used  I2 value to quantify the heterogeneity between 
different trials. This value is calculated as the percentage 
of between-study diversity due to heterogeneity rather than 
chance, with higher values indicating stronger evidence of 
heterogeneity. Stratified analyses based on operation type, 
patients’ age, weight, waist circumference, blood pressure, 
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fasting blood glucose, blood lipids, and glycosylated hemo-
globin were conducted to look for potential causes of het-
erogeneity. Publication bias was evaluated by the Begg’s and 
Egger’s tests; the significance level was defined as P < 0.10 
[18].

Result

Eligible Trials

The flow diagram for the search is shown in Fig. 1. From 
1728 records, 19 studies (n = 1 353) were eligible and 
included in the meta-analysis, including 663 subjects in 
the bariatric surgery group and 690 subjects in the con-
trol group. The average follow-up of all clinical trials was 
2.80 years, with a range from 1 to 10 years. We illustrate 

the characteristics of all eligible trials and study patients 
in Table 1.

Non‑Surgical Treatment

All studies’ participants in both groups receive standard-
ized medical treatment containing low-carbon diet, life 
modification, pharmacotherapy, and regular consulta-
tion meeting. Four studies [19, 22, 24, 26] include very 
low-carbon diet; others depend on patients’ willingness. 
Besides, medication use relies on physician decisions 
according to specific algorithms. Among these, three stud-
ies had pointed out using sibutramine or orlistat [19, 22, 
31]. Two studies used GLP-1RA [23, 24], and one study 
used metformin as a comparator [33].

Fig. 1  Flow diagram of search 
strategy and trial selection
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Risk of Bias Assessment

Results of the risk of bias assessment are presented in 
Table 2 and Supplementary S1. One study had a high bias 
for deviations from intended interventions. Two studies had 
high biases for missing outcomes because of the high rate 
of loss to follow-up. Bias for the randomization process, 
measurement of the outcome, and selection reported were 
low in most studies.

Outcomes

Change of Systolic Blood Pressure

Overall effect estimates and subgroup analysis by operation 
type of systolic blood pressure are provided in Fig. 2. Sys-
tolic blood pressure decreased more after bariatric surgery, 
with a mean reduction of − 3.937 mmHg (CI95%: − 6.000 
to − 1.875, p < 0.001). Heterogeneity among studies was low 
 (I2 = 0%).

Subgroup analyses by operation type, age, body weight, 
waist circumference, blood pressure, fasting blood glu-
cose, blood lipids, and glycosylated hemoglobin of trial 
patients are summarized in Table 3; patients after Roux-en-
Y gastric bypass decrease − 5.751 mmHg (CI95%: − 10.104 

to − 1.398, P = 0.01,  I2 = 40.8%) more than the non-surgical 
group. No statistical significantly difference of systolic 
blood pressure was found in LAGB group (p = 0.115), DJBL 
group (p = 0.323), SG group (p = 0.433), and BPD group 
(p = 0.298). Bariatric surgery tends to reduce more systolic 
blood pressure in patients with poor control of hypertension 
(BP > 130/80 mmHg) and diabetes mellitus (HbA1C > 7.0%, 
FPG > 7.0 mmol/L), elder age (> 45 years), non-severe obe-
sity (BMI < 40 kg/cm2, body weight < 120 kg), and less waist 
circumference (WC < 115 cm).

Change of Diastolic Blood Pressure

The mean change in diastolic blood pressure was pooled for 
16 studies (Fig. 3). Diastolic blood pressure in the surgery 
group decreased 2.690 mmHg (CI95%: − 3.994 to − 1.385, 
P < 0.001) more than in the non-surgical group. Heterogene-
ity among studies was low  (I2 = 0.0%).

Subgroup analyses by operation type, age, body weight, 
waist circumference, blood pressure, fasting blood glucose, 
blood lipids, and glycosylated hemoglobin of trial patients in 
Table 3, diastolic blood pressure decreased more after Roux-
en-Y gastric bypass surgery(WMD: − 2.536, CI95%: − 4.690 
to − 0.382, p < 0.001,  I2:0.0%) and duodenal-jejunal bypass 
liner surgery(WMD: − 5.000, CI95%: − 9.819 to − 0.181, 
p = 0.042). No significant difference of diastolic blood 

Table 2  Summary of risk of bias assessment for studies included in meta-analysis

More information about risk of bias assessment in Supplementary S1

RCT study Random 
sequence gen-
eration

Allocation 
concealment

Blinding for 
participate and 
personnel

Blinding of out-
come assessment

free of Incomplete 
data assessment

Free of selec-
tive reporting

Free of other 
sources of 
bias

O'Brien (2006) Yes Yes No Unclear No Yes Yes
Dixon (2008) Yes Yes No Unclear Yes Yes Yes
O'Brien (2010) Unclear Yes No Unclear No Yes Yes
Dixon (2012) Yes Yes No Unclear Yes Yes Yes
Liang (2013) Yes Yes No Unclear Yes Unclear Yes
Parikhe (2014) Unclear Unclear No Unclear Yes Unclear Yes
Koehestanie (2014) Unclear Unclear Yes Unclear Yes Unclear Yes
Halperin (2014) Yes Yes No Unclear No Yes Yes
Simonson (2019) Yes Yes No Unclear No Yes Yes
Courcoulas (2020) Yes Yes No Unclear Yes Yes Yes
Schauer (2017) Yes Yes No Unclear Yes Yes Yes
Azevedo (2018) Yes Yes No Unclear Yes Yes No
Ikramuddin (2018) Yes Yes No Yes No Yes Yes
Schiavon (2020) Yes Yes No Yes No Yes Yes
Mingrone (2021) Yes Yes No Yes No Yes Yes
Tur (2013) Yes Yes No Unclear No Unclear Yes
Cummings (2016) Yes Yes No Yes Yes Yes Yes
Xiang (2018) Yes Yes No Unclear No Yes Yes
Wentworth (2014) Yes Yes No Unclear Yes Yes Yes
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pressure was found in LAGB group (p = 0.098,  I2: 37.1%), 
SG group (p = 0.249), and BPD group (p = 0.479,  I2 = 0.0%). 
Besides that, patients with poor control of hypertension 
(BP > 130/80 mmHg) and diabetes mellitus (HbA1C > 7.0%, 
FPG > 7.0 mmol/L), elder age (> 45 years), non-severe obe-
sity (BMI < 40 kg/cm2, body weight < 120 kg), and less 
waist circumference (WC < 115 cm) may decrease more 
diastolic blood pressure after surgery.

Change of Antihypertensives

The endpoint of antihypertensives in the surgery group and 
the control group was mentioned in eleven studies. Palikhe 
(2014) [24], Halperin (2014) [26], Schauer (2017) [29], 
Schiavon (2020) [14], and Mingrone (2021) [12] reported 
the number of antihypertensives taken per capita at base-
line and endpoint. Cummings’ (2016) [32] study suggested 

that patients in surgery groups took fewer antihyperten-
sives than those in the control group at the endpoint, but 
did not report baseline status. Meta-analysis of above 
studies showed that patients in the surgical group reduce 
0.912 (CI95%: − 1.493 to − 0.331, p = 0.002,  I2 = 82.4%) 
per capita antihypertensives (Fig. 4A). Whereas no anti-
hypertensives were reduced in the control group (p = 0.776 
in Fig. 4B), Dixon (2008) [20], Palikhe (2014) [24], Ikra-
muddin (2018) [31], and Wentworth (2014) [34] reported 
the number of patients receiving anti-hypertension drugs 
at the beginning and the endpoint; the medicine rate of 
surgery group decreased from 67.3 (CI95%: 59.2 to 75.3%) 
to 37.3% (CI95%: 29.0 to 45.6%), compared to control 
group from 70.9 (CI95%: 63.1 to 78.7%) to 68.4% (CI95%: 
60.3 to 76.5%). However, Dixon (2012) [22] and Koehest-
anie (2014) [25] only reported changes in antihypertensive 
drugs were not statistically significant .

Fig. 2  Overall estimate and 
subgroup analysis by surgical 
type of mean change in systolic 
blood pressure after bariatric 
surgery versus control groups. 
Standard deviations (SD) were 
imputed by taking the median 
SD of the LABG groups for 
Xiang (2018). Standard devia-
tions (SD) were imputed by tak-
ing the median SD of the RYGB 
groups for Cummings (2026) 
and Liang (2013). Standard 
deviations (SD) were imputed 
by taking the median SD of the 
BPD groups for Tur (2013)
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Fig. 3  Overall estimate and 
subgroup analysis by surgical 
type of mean change in diastolic 
blood pressure after bariatric 
surgery versus control groups. 
Standard deviations (SD) were 
imputed by taking the median 
SD of the LABG groups for 
Xiang (2018). Standard devia-
tions (SD) were imputed by tak-
ing the median SD of the RYGB 
groups for Cummings (2026) 
and Liang (2013). Standard 
deviations (SD) were imputed 
by taking the median SD of the 
BPD groups for Tur (2013)

Fig. 4  Antihypertensives change per capita in surgical group (A) and control group (B)
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Sensitivity Analysis and Meta‑Regression Analysis

To further study the source of heterogeneity, we performed 
sensitivity analyses to evaluate the impact of small sam-
ple studies in RYGB group on SBP and LAGB group on 
DBP (Fig. 5), which proved its stability and reliability. We 
also performed meta-regression analyses to assess the con-
founding impact of age, body mass index, waist circum-
ference, fasting plasma glucose, and blood lipids. Meta-
regression analyses showed that triglycerides (regression 
coefficient: − 21.95; P = 0.015) explained some of the 
heterogeneity for SBP in RYGB group. BMI (regression 
coefficient: − 11.30; P = 0.036) and body weight (regres-
sion coefficient: − 8.66; P = 0.014) explained some of the 
heterogeneity for DBP in LAGB group. No significance 
was observed for the other confounders. Meta-regression 
analyses indicated that the change in blood pressure was 
negatively associated with increases in triglycerides and 
body weight. We also conducted meta-analyses after low-
ering the weight of moderate-quality evidence.  I2 over-
all and in all operation subgroups were lower (Appendix 
Figs. 13 and 14), while the mean change in systolic blood 
pressure and diastolic blood pressure was still significant 
(P = 0.013 and P = 0.003).

Secondary Outcome Analyses

Overall estimate and subgroup analyses by surgical type of 
secondary outcomes are pooled in Table 4 and Appendix 
Figs. 1 to 12, including the mean changes in body weight, 
body mass index, waist circumference, fasting blood 
lipids, fasting blood glucose, glycosylated hemoglobin, 
body weight, body mass index, waist circumference, renal 
function, resting heart rates and 6-min walking test. We 

also respectively evaluate change in metabolic syndrome, 
HOMA-IR, hsCRP, lipid-lowering drugs, and antidiabetic 
drugs in the surgery group and control group in Table 5.

Adverse

Adverse events are listed in Supplementary S2. During 
the following time, 603 (0.28/per person per year) adverse 
events were reported in the surgery group, and 393 (0.23/
per person per year) adverse events were reported in the 
control group. Four deaths were reported, two persons in 
the control group died of fatal myocardial infarction, and 
one person in the control group was sudden death after 
coronary artery bypass grafting surgery. One person’s 
death cause was not identified in the surgery group.

Publication Bias

Publication bias calculated for overall estimates (Fig. 6). 
There was a low probability of publication bias for compari-
sons of systolic blood pressure and diastolic blood pressure 
between surgery groups and control groups, as reflected by 
Begg’s test (P = 0.871 and 0.363, respectively) and Egger’s 
test (P = 0.814 and 0.282, respectively). Similarly, there 
was no observable publication bias for the overall com-
parisons of TG (P for Egger’ test: 0.473), TC (P = 0.161), 
HDL (P = 0.297), FPG (P = 0.200), BMI (P = 0.687), BW 
(P = 0.921), and WC (P = 0.294).

Fig. 5  Sensitivity analysis of SBP in RYGB groups (left) and DBP in LAGB groups
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Discussion

The objective of this meta-analysis is to evaluate the efficacy 
of bariatric surgery on blood pressure. Via a meta-analysis 
of the data from 19 randomized clinical trials and on 1353 
patients, we found that bariatric surgery can effectively 
decrease systolic blood pressure and diastolic blood pressure 
and reduce antihypertensives, antidiabetic drugs, and lipid-
lowering drugs. Besides that, patients after surgery tend to 
lose more weight; decrease more waist circumference, fast-
ing plasma glucose, glycosylated hemoglobin, triglycerides 
concentration, and hsCRP; increase more high-density lipo-
protein cholesterol concentration; and had a better remission 
of metabolic syndrome. However, no significant differences 
were found in total cholesterol, low-density lipoprotein cho-
lesterol concentration, renal function, resting heart rates, and 
6-min walking experiment.

Obesity-related hypertension is mainly due to obesity 
leading to sympathetic nervous system activation, insulin 
resistance, and renin-angiotensin system activation [35, 36]. 
Bariatric surgery can inhibit the activation of the RAS sys-
tem and renal sympathetic nerve by reducing kidney com-
pression [37–39], strengthening water and sodium excre-
tion [40], improving insulin resistance [41], hemodynamics 
disorder[42], and improve nocturnal hypoxemia state of 
OSAHS patients [22, 43].

However, it is worth mentioning that through the sub-
group analyses, Roux-en-Y gastric bypass, as the most 
extensive bariatric surgery in clinical practice, has the 
most significant positive effect on improving blood pres-
sure, blood lipids, blood plasma glucose, and other end-
points. Probably due to its additional regulation of gut 
hormones and intestinal flora, it can induce changes in 
appetite [44, 45]. Whereas laparoscopic adjustable gas-
tric banding (LAGB) was designed as a purely restric-
tive operation, it was not as effective in reducing blood 
pressure as other operation types. In SG surgery, BPD 
surgery, and DJBL surgery subgroup analyses, our sam-
ple size was insufficient to provide significant results on 
blood pressure changing. Other than that, we also found 
that people with poor control of hypertension and dia-
betes, non-severe obesity, age > 45 years, and less waist 
circumference had better efficacy.

Secondary endpoint analyses, same as many studies 
before [13, 46], bariatric surgery was more efficient than 
non-surgical treatment in weight loss, diabetes control, 
metabolic syndrome remission, triglycerides, and high-
density lipoprotein cholesterol improvement. However, 
changes in total cholesterol and low-density lipoprotein 
cholesterol concentration were not significant, mainly 
because of its diversity in lipid-lowering drugs usage. 
Due to other influencing factors and insufficient studies, 
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the effects of bariatric surgery on renal function and phys-
ical activity were still uncertain.

Several possible limitations should be acknowledged. 
First, the patient sample was mainly from Europe and the 
USA, only including two studies from East Asia and one 
study from India, which made it lack external authenticity 
among the Asian population. Secondly, the risk of report-
ing bias was high for some studies due to lacking of nega-
tive results, such as changes of antihypertensive drugs in 
Dixon (2012) [22] and Koehestanie (2014) [25]; it may 
overestimate the efficacy of bariatric surgery. Besides, 
the attrition bias was high in several studies due to the 
high rate of loss follow-up. Because patients with better 
improvement have higher follow-up rates, it may under-
estimate the efficacy of bariatric surgery. Furthermore, 
the qualified trials of this meta-analysis span more than 
16 years. During this period, more drugs such as GLP-1 
analogs had been put into clinical use, which were more 
effective than traditional treatment. However, with the 
studies including newer class of medications as compara-
tors, obesity surgery is still a more effective way of low-
ering blood pressure [19, 23, 24]. Lastly, we observed 
moderate to strong evidence of heterogeneity in some 
second endpoint analyses, which was similar to several 
meta-analyses before [13, 46–48].

To the authors’ knowledge, this study is the most com-
prehensive meta-analysis of RCT to assess the compari-
son of bariatric surgery with non-surgical treatment in 
terms of controlling blood pressure. Most system reviews 
before mainly focus on changes in body weight, fasting 
plasma glucose, and other aspects and therefore underesti-
mated the efficacy in blood pressure. Few system reviews 
compared bariatric surgery with lifestyle modifications, 
exercise, and pharmacological therapy. Only two sys-
tem reviews in 2013 and 2016 found no extra benefits in 
reducing blood pressure [13, 46], and one system review 
compared pre-operative and post-operative in type1 dia-
betes mellitus which found a significant difference in 
dropping blood pressure [48].

Conclusion

Bariatric surgery is more effective than non-surgical treat-
ment in controlling patients’ blood pressure. Roux-en-Y 
gastric bypass surgery has the most certain efficacy on 
blood pressure reduction among all surgeries and should 
be the first choice operation type for patients with obesity 
and hypertension. Laparoscopic adjustable gastric band-
ing surgery has no advantage in blood pressure control 
compared to non-surgical treatment. Other operation type 
needs more clinical evidence.
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