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Abstract Obesity and hypertension are growing epidemics in
the modern world. Lifestyle changes and medical treatment
for obesity have disappointing long-term results and albeit
drugs for hypertension are usually very effective, the necessity
of multiple pills and frequent side effects make the adherence
to treatment a huge challenge for healthcare systems.
Bariatric/metabolic surgery is a very effective treatment and
an exponential number of studies have been showing its pos-
itive impact beyond weight loss, mainly on type 2 diabetes.
There is also growing evidence suggesting that bariatric/
metabolic surgery is associated with reduced incidence of car-
diovascular events, but the impact on hypertension and other

components of metabolic syndrome usually derive from trials’
secondary end points. Taking this limitation in mind, bariatric/
metabolic surgery action on blood pressure is reaching a sig-
nificant proportion of hypertension resolution or improve-
ment. In this review, we discussed the current evidence on
the impact of bariatric/metabolic surgery on blood pressure
control and pointed out perspectives in this research area.
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Introduction

Obesity and its comorbidities are the major health prob-
lem of the modern world. There is a close association
of obesity with type 2 diabetes (T2D) and insulin resis-
tance, dyslipidemia, hypertension, and even cancer.
Most of the comorbidities increase cardiovascular risk
and the control of obesity and its consequences are a
difficult and costly challenge for governments and their
healthcare systems [1].

Weight gain has an important relation to the increased risk
of developing hypertension, but not all obese individuals are
hypertensive and it is not clear why some of the obese patients
have normal blood pressure. It is conceivable that ethnic and
genetic factors may play a role in these differences.

The National Health and Nutritional Examination
Survey (NHANES) III showed that the prevalence of hy-
pertension among men and women is 15 % at a BMI
<25 kg/m2, and at a BMI >30 kg/m2, it is 42 and 38 %,
respectively [2].

The Brazilian National Survey of Health 2013 (http://www.
ibge.gov.br/home/estatistica/populacao/pns/2013/default.
shtm) showed that 21.4 % of Brazilian citizens have
hypertension and 1.5 % have already had a stroke, the more
severe consequence of high blood pressure (BP).

Another survey from Brazil carried over the telephone, the
V IG I T EL 2 0 1 4 ( h t t p : / / www. e n d o c r i n o . o r g .
br/media/uploads/PDFs/ppt-vigitel-2014-.pdf), showed that
52.5 % of the Brazilian population is overweight and 17.9 %
is obese. This data indicates that this country is rapidly
becoming one of the most obese countries in the world, and
the incidence of hypertension will increase as fast as obesity.

Despite the recognized elevation of BP with aging, the
Coronary Artery Risk Development in Young Adults
(CARDIA) study pointed out that those who maintained
their weight (less than 2 kg/m2 of BMI gain) for 15 years
had no significant increase in BP; nevertheless, those who
gained more than 2 kg/m2 of BMI had substantial BP
increase [3].

Unfortunately, medical treatment of obesity including life-
style modifications has been very disappointing and, current-
ly, the only effective treatment with better long-term results is
bariatric surgery.

Mechanisms of Obesity-Related Hypertension

Despite the existence of direct correlations between weight
gain and hypertension, the mechanisms that explain these re-
lationships are not well understood.

The knowledge of these mechanisms can help us to under-
stand how bariatric/metabolic surgery can play an important
role for the treatment of morbidly obese hypertensive patients.

Insulin Resistance and Sympathetic Hyperactivity

Insulin resistance is commonly observed in the obese popula-
tion and its main consequence is hyperinsulinemia.

There is some controversy about the role of insulin in the
pathogenesis of hypertension in obese patients, but a number
of evidence have demonstrated that the sympathetic nervous
system (SNS) can be stimulated by insulin, and consequently,
activity can be overexpressed in the presence of
hyperinsulinemia [4].

Thus, a direct stimulation of SNS and a direct action on the
kidney promoting sodium retention may explain the relation-
ship of insulin and BP.

Leptin

Although high leptin levels are not frequently seen in obese
patients, it can have a role for the elevation of BP because it
stimulates the SNS like insulin.

Renin-Angiotensin-Aldosterone System

Obesity activates the renin-angiotensin-aldosterone system
(RAAS) and the mechanisms that support this elevation in-
clude SNS stimulation, angiotensin production by adipocytes,
and the effects of free fatty acids on aldosterone production
[4].

Sodium Metabolism

Obese patients have low natriuretic peptide levels [5] and a
predisposition to reabsorb sodium trough the kidney due to the
overstimulation of RAAS. In order to maintain the sodium
balance and volume homeostasis, these patients need a higher
arterial pressure.

Sleep Apnea

Sleep apnea is a sleep disorder breathing characterized by
partial or total upper airway obstructions during sleep promot-
ing reductions in the intrathoracic pressure, intermittent hyp-
oxia, and sleep fragmentation [6]. These factors may contrib-
ute to increase blood pressure by inducing sympathetic hyper
activation, decreased baroreceptor sensitivity, endothelial dys-
function, and arterial stiffness, among others [7]. The main
treatment for sleep apnea—namely, continuous positive air-
way pressure (CPAP)—is able to improve several pathways
involved in hypertension promoting modest but significant
blood pressure reduction mainly in patients with resistant hy-
pertension [8].
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Adiponectin

Adiponectin is an adipokine that is downregulated by genetic
factors and environmental factors as high-fat diet and seden-
tary lifestyle that increase the risk obesity [9]. A systematic
review showed an inverse correlation between BP and levels
of adiponectin. It can be considered a biomarker and can have
a role in the development of hypertension related to obesity
[10].

The Impact of Bariatric/Metabolic Surgery
on Hypertension

In 1983, looking for improvement in heart disease risk factors,
Gleysteen, presented for the first time, hypertension resolution
in 66.6 % (10/15) of his patients after a Roux-en-Y gastric
bypass (RYGB) with 12 months of follow up [11].

Walter Pories in 1992 published the first clue that T2D
could be a surgical disease, with a provocative title: BIs type
II diabetes mellitus a surgical Disease?^, leading to an expo-
nential growth of evidences indicating the beneficial effects of
bariatric surgery over T2D, and the so-called metabolic sur-
gery started to develop. In that article, he referred resolution of
diabetes and hypertension in 88 and 68.1 % respectively [12].

Probably, the results in favor of T2D resolution led to pref-
erential interest in it, but not in other conditions that are part of
metabolic syndrome, as arterial hypertension.

In order to bring the most important data about blood pres-
sure control with metabolic surgery, this review is based on
prospective studies with longer follow-up, randomized trials,
and systematic reviews (Table 1). Most of the data about hy-
pertension were derived from secondary endpoints of meta-
bolic surgery in T2D patients within trials that were aimed at
glycemic control.

Experimental Evidence

Very few experimental studies have demonstrated the relation-
ship between bariatric surgery and the resolution of
hypertension.

The first to point out experimental benefits of sleeve gas-
trectomy (SG) in the reduction of BP were Rodríguez et al.
They studied diet-induced obese Wistar rats (DIO), which
have a higher blood pressure than lean Wistar rats. Although
they showed a BP decrease in the pair-feeding and caloric
restriction rats, SG rats had the lowest blood pressure level
which constitutes an evidence of mechanisms beyond weight
loss [21].

To investigate how bariatric surgery benefits the cardiovas-
cular system and reduces blood pressure, Zhang et al. did an
RYGB surgery in spontaneously hypertensive rats (SHRs) and

showed a significant reduction in BP. They demonstrated,
through an elegant experiment, an improvement on cardiac
and vascular remodeling and dysfunction and confirmed that
RYGB significantly inhibited the overdrive of the SNS [22].

Clinical Evidence

As T2D resolution with metabolic surgery is currently the
hottest topic in our field, there are a few studies focused spe-
cifically in the resolution or amelioration of hypertension.

From our perspective, the outcomes on hypertension after
metabolic surgery are very similar to what happens in T2D
patients. Very early in the postoperative period, even before
weight loss, many patients show a significant decrease in BP.
Many patients are discharged from the hospital without med-
ication and some of them will never take them again. Ahmed
et al. demonstrated an impressive reduction in hypertensive
patients and medication usage as soon as the first postopera-
tive week. BResolution^ was present in 78 % (45/58) of pa-
tients and the total number of medications dropped from 71
(58 patients) to 23, a reduction of 68 % [23].

Nonrandomized Trials

The Swedish Obese Subjects (SOS) study, a prospective con-
trolled study with the longest follow-up, showed an associa-
tion of bariatric surgery and reduced incidence of fatal and
total cardiovascular (CV) events. The better outcome of CV
events after bariatric surgery had a positive relationship with
higher baseline levels of insulin, but not with baseline BMI
[24].

A substudy derived from SOS compared the effects of two
surgical techniques (RYGB and vertical banded gastroplasty
(VBG)/adjustable gastric banding (AGB)) and a non-operated
control group over BP and salt intake. RYGB showed a sig-
nificantly lower systolic and diastolic blood pressure when
compared to the other groups. The number of antihypertensive
medications was also significantly lower in the RYGB group.
The most interesting issue about this study is that restrictive
procedures such as VBG/AGB and control group showed a
linear association of weight reduction and changes in blood
pressure; however, in RYGB, this relation was absent. Other
mechanistic factors, as a diuretic and a natriuretic effect, prob-
ably increased the effects after RYGB besides weight reduc-
tion per se [25].

A prospective study, published by our group, enrolled 66
grade 1 obese T2D patients submitted to RYGB presented
58 % (15 of 26) resolution of hypertension, with a blood
pressure below 130/80 mmHg without medications. The me-
dian follow-up was 5 years (1–6) [17].
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Another prospective study with 6 years of follow-up,
which aimed to compare weight loss and cardio metabolic
endpoint among three groups of patients (one submitted to
RYGB and two control non-operated groups) demonstrated
significant improvement of hypertension in the RYGB’s pa-
tients. The remission rate was defined as the maintenance of
BP below140/90 mmHg without drugs. After 2 and 6 years of
follow-up, 53 and 42 % remitted, respectively. Despite the
observation of some recurrences in the surgical group, the
two control groups achieved only 18 and 9 % remission rates
after 6 years. The authors cited the difficulty to retain patients
as a potential introduction of bias [16].

The Longitudinal Assessment of Bariatric Surgery (LABS)
consortium was formed to acquire long-term data of bariatric
procedures performed in USA [26]. LABS-2 studied the inci-
dence and remission rates of comorbidities. It included 1738
patients submitted to RYGB and 610 submitted to AGB with
3 years of follow-up. Hypertension was present in 68.9 % of
RYGB and 62.7 % of AGB patients and remission rate at
3 years was 38.2 and 17.4 % for patients submitted to
RYGB and AGB, respectively. An interesting observation that
was not mentioned by other studies is the incidence of de novo
hypertension after the bariatric procedure, which was 12.6 %
in RYGB and 18.1 % in AGB [18•].

These nonrandomized trials did not clearly indicate the
number of patients who achieved controlled blood pressure
with fewer medications than in the baseline. The reduction
in the number of medications increases the adherence to treat-
ment that is one of the biggest challenges in the treatment of
any chronic diseases.

Differences in remission and incidence between RYGB
and AGB in LABS-2 showed that the modification in gastro-
intestinal anatomy is a key factor for hypertension resolution
independent of weight loss.

Biliopancreatic Diversion with Duodenal Switch (BPD-
DS) creates the greatest change in gastrointestinal anatomy

among bariatric procedures. Although it is a very potent met-
abolic procedure, it has not been performed in large scale
because of its technical complexity and greater incidence of
long-term nutritional complications.

Picard Marceau, the surgeon who introduced this tech-
nique, published his long-term results with 5 to 20 years of
follow-up: 68 % (1789 patients) of his cohort had hyperten-
sion. For the long-term analysis, they had data from 1211
patients (67.7 %) and among them, they observed that 64 %
discontinued and 31 % decreased medication, which demon-
strates that 95 % of the patients had a resolution or ameliora-
tion of hypertension. They also concluded that in 915 patients
with paired data before and 10 years after surgery, a significant
reduction in systolic and diastolic blood pressure was ob-
served [19•].

Randomized Trials

The current evidence about the impact of bariatric surgery on
blood pressure derived from randomized trials is scarce.
Particularly, no single study was primarily powered to exam-
ine the effects of bariatric surgery on blood pressure control.

Our group did a randomized trial with super obese patients
to compare the impact of long (50/150 cm) versus very long
(100/250 cm) RYGB’s limbs over metabolic comorbidities.
Patients with blood pressure over 140/90 mmHg were consid-
ered hypertensive. Results showed no significant difference
between groups in the control of hypertension, but 55 % of
all hypertensive patients got the disease controlled without
medications in mean follow-up of 48 months (6–56) [20].

The Surgical Therapy and Medications Potentially
Eradicate Diabetes Efficiently (STAMPEDE) trial was de-
signed to compare the intensive medical treatment (IMT) with
two surgical procedures, RYGB and SG, with the primary
goal of improving glycemic control in obese patients.

Table 1 Resolution and improvement of hypertension after bariatric/metabolic surgery

Type of study Type of surgery Resolution Improvement

Buchwald, 2004 [13] Systematic review RYGB, BPD and AGB 61.7 % 78.5 %

Wilhelm, 2014 [14••] Systematic review RYGB, BPD, SG, VGB and AGB 50 % 63.7 %

Li, 2015 [15] Systematic review RYGB
SG

60 %
51 %

Not evaluated

Adams, 2012 [16] Matched cohort RYGB 42 % Not evaluated

Cohen, 2012 [17] Prospective cohort RYGB 58 % Not evaluated

Courcoulas, 2013 [18•] Observational cohort RYGB
AGB

38.2 %
17.4 %

Not evaluated

Marceau, 2015 [19•] Prospective cohort BPD 64 % 31 %

Pinheiro, 2008 [20] Randomized trial RYGB 55 % Not evaluated

Schauer, 2012 [27] STAMPEDE Randomized control trial RYGB
SG

59 %
60 %

Not evaluated
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History of hypertension was seen in 60, 70, and 60 % of IMT,
RYGB, and SG groups, respectively. Although it was not
possible to demonstrate significant differences in terms of
BP values between groups, they pointed out a significant re-
duction in the number of antihypertensive medications, which
is the most important indicator to define better control of
hypertension.

In the first year, 59 % of patients in the RYGB group
and 60 % from the SG group quit antihypertensive med-
ications, which can be considered as the resolution of
hypertension. Specifically, about angiotensin-converting
enzyme inhibitor (ACE) or angiotensin-receptor blocker
(ARB) usage, it decreased from 74 to 18 % in the
RYGB group and from 61 to 22 % in the SG group [27].

In the third year of follow-up, they showed a slight
increase of the use of ACE or ARB medications, 23.9
and 27.7 % of patients in the RYGB and SG groups,
respectively. These results kept the statistical signifi-
cance compared to IMT arm [28••].

STAMPEDE patients entered the study with controlled
blood pressure and this is a critical issue to evaluate results
about hypertension modification.

A critical analysis of another randomized trial de-
signed to study T2D patients, published by Mingrone
et al., showed patients with uncontrolled BP (over
130 × 85 mmHg) at baseline in all studied groups, con-
ventional medical treatment (CMT), RYGB and BPD.

In the second year of follow-up, they showed a better
control of blood pressure in all groups and antihyperten-
sive drugs were reduced or discontinued in 70, 80, and
85 % of patients in the CMT, RYGB and BPD groups,
respectively [29]. Data from the CMT group was difficult
to analyze because the weight loss in this group was sig-
nificantly lower than in the surgical groups, and there was
no evident reason to have a reduction in medications sim-
ilar to the surgical arms.

In the fifth year of follow-up, patients of all groups
maintained a better controlled blood pressure, but a
greater number of patients in the CMT group required
medications to control hypertension (73 %) than those
in the surgical groups did (58 % in the RYGB group
and 32 % in the BPD group). Although BPD patients
had better results initially, they also Bpaid a higher
price^ because of the increased frequency of multiple
nutritional complications [30•].

The Diabetes Surgery study, a multicenter random-
ized study with 120 patients, compared lifestyle modifi-
cation with IMT and RYGB. The primary endpoint of
the study was to achieve a composite triple endpoint,
controlled glycemia, BP, and cholesterol. In the medical
management group, 73 % were on antihypertensive
treatment and 68 % of those in the surgical group were
on treatment.

In the first publication, with 12 months of follow-up,
the authors did not observe differences between groups
on achieving systolic blood pressure below 130 mmHg
(medical treatment 79 % and surgery 84 %). Assuming
that hypertension might be easier to control than T2D,
the number of medications must be used to prove if
there were differences between groups, but there was
no mention of that information [31].

In the second paper, with 24 months of follow-up,
the number of patients with systolic BP <130 mmHg
in the medical management group, decreased from 79
to 69 %, while in the surgical group, 80 % of patients
kept the target. Indeed, the most important is that the
frequency of patients without antihypertensive medica-
tions after 24 months increased from 20 to 52 % in
the surgical group and from 14 to 28 % in the medical
management group (odds ratio of 3.7, 95 % CI 1.4–9.6)
[32••].

The absence of significant reductions in blood pres-
sure cannot be considered a failure of metabolic surgery
to control it. Courcoulas et al., in their three-arm ran-
domized trial, compared RYGB, AGB, and lifestyle
modification with medical treatment (LS/MT) aiming
to evaluate T2D remission. In the first year of follow-
up, they did not show significant reductions in BP, but
antihypertensive medications were discontinued in 58 %
in the GB group, 54 % in the AGB, and only 13 % in
the LS/MT. The incidence of hypertension at baseline
was 50 % for RYGB arm, 59 % for AGB, and 70 %
for LS/MT. After 1 year, it was 38, 32, and 74 %,
respectively, reinforcing the impact of surgery on hyper-
tension remission [33].

Their second publication with 3 years of follow-up showed
that only RYGB achieved significant improvement in systolic
and diastolic blood pressure compared to the other two groups
[34].

Halperin et al. achieved a highly significant reduction
on the number of antihypertensive medications in their
trial that compared RYGB with LS/MT after 12 months
of follow-up. The treatment goal to systolic BP
<130 mmHg was achieved by 73 % of patients in the
RYGB groups and by 52 % in the LS/MT group [35].

All randomized trials until now focused on T2D pa-
tients while other components of metabolic syndrome
were not present in all studied subjects. Another prob-
lem to evaluate hypertension in those trials is what they
considered resolution or amelioration and how patients’
BP was at baseline. Ideally, patients should enroll with
controlled BP (under 130/85 mmHg) using antihyperten-
sive medications according to the patient’s particular
needs. Therefore, the reduction in the number of medi-
cations with adequate BP control after the treatment
seems to be the best way to evaluate results.
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Systematic Reviews

A landmark in bariatric surgery, the systematic review pub-
lished by Buchwald, showed resolution of hypertension in
61.7 % and improvement in 78.5 % of patients [13].

Since this review, the number of studies has grown expo-
nentially, mainly dedicated to the treatment of uncontrolled
T2D. As a consequence, some new systematic reviews have
been published. Unfortunately, all of them share the same lim-
itations: loss of follow-up, a very common problem in bariatric
surgery; weak studies’ designs, most of them done in a retro-
spective fashion; a lack of clear definition of resolution or im-
provement of comorbidities; and finally, a variety of bariatric
procedures and multiple technical modifications for the same
procedure that could negatively impact on the results.

The only systematic review that focused specifically on
hypertension defined resolution as a discontinuation of anti-
hypertensive drugs and improvement as a reduction of them.
Fifty-seven studies were included with a total of 51,241 pa-
tients. Of these, 54.1 % of the patients had hypertension, 50 %
resolved, and 63.7 % improved. For studies with a follow-up
greater than 1 year, the odds ratio for a patient with hyperten-
sion to get it resolved was 2.29 times greater than the unre-
solved after a bariatric operation [14••].

A meta-analysis and meta-regression that evaluated
the long-term impact (5 years of follow-up) of bariatric
surgery on T2D, hypertension, and hyperlipemia showed
that the relative risk reduction of hypertension after bar-
iatric surgery was 54 % and it reached a plateau
20 months after surgery. They also pointed out an
18 % risk reduction for a decrease of 5 BMI units [36].

As SG is gaining popularity, a systematic review that evalu-
ates RYGB versus SG became an important need for the bariatric
community to help with the decision on the best surgical proce-
dure. Li et al reviewed 62 studies with 18,455 patients. Twenty-
one studies reported hypertension resolution and the odds ratio
favoring RYGB for the resolution of hypertension was 1.43.
RYGB achieved a 60 % resolution while SG 51 % [15].

Perspectives

This review showed that metabolic surgery has a positive im-
pact on the control of hypertension and cardiovascular risk, but
there is no randomized trial to corroborate this observation.

We designed the first randomized trial to address this
important question, the gastric bypass to treat obese
patients with steady hypertension (GATEWAY) study.
This ongoing randomized study is comparing the impact
of RYGB and CMT on BP control. The primary aim is
to evaluate the efficacy of RYGB to reduce the number
of medications used for maintaining BP control (<140 ×
90 mmHg). Secondary aims include 24-h ambulatory

blood pressure monitoring (ABPM), central BP, aug-
mentation index, arterial stiffness (evaluated by pulse
wave velocity), and impact over sleep apnea. Patients
will be followed-up for 5 years [37].

Conclusion

Bariatric surgery is the most efficient and durable treatment
for morbid obesity and its comorbidities. Besides weight loss,
recent trials focused on the remission of T2D, but their data
pointed out benefits that go beyond diabetes resolution.

Hypertension remission rate is one of them. Probably, the
most important, given its high prevalence when associated to
obesity and a high CV risk related to high BP.

The status of blood pressure at baseline and the definition
of hypertension resolution or improvement have a great vari-
ability between studies, making the interpretation of results
controversial.

Some studies showed no reduction in BP after surgery be-
cause hypertensive patients had entered the study with a con-
trolled BP, but they observed a significant reduction in the
number of medications. This fact must be considered an indi-
rect way to demonstrate reduction in BP.

In conclusion, bariatric surgery has the potential to reduce
CV risk through the resolution or improvement of hyperten-
sion and can facilitate its treatment by reducing the necessity
of medications resulting in a better adherence to treatment.
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