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For many patients with severe obesity, bariatric surgery offers the only viable option for
achieving significant long-term weight loss and reducing their dependence on
pharmacological treatment of type 2 diabetes (T2D). In this issue of Hypertension, Schiavon
et all provide additional evidence from the GATEWAY trial that bariatric surgery is also an
effective strategy for reducing the number of antihypertensive medications needed to achieve
adequate 24-hour blood pressure (BP) control and reducing the burden of resistant
hypertension in patients with moderate to severe obesity.

The pandemic of obesity and associated cardiorenal and metabolic diseases is rapidly
becoming our greatest global public health threat.2 Obesity/overweight accounts for 65-75%
of the risk for primary (essential) hypertension,3 the leading cause of cardiovascular (CV)
mortality worldwide, and age-adjusted hypertension-related deaths have risen in parallel
with increasing obesity.# Obesity is also the most important risk factor for diabetes mellitus
which interacts with hypertension to cause microvascular and macrovascular injury and
ultimately damage to target organs such as the kidneys, heart and brain. Weight loss and
reduced adiposity are therefore important therapeutic goals for most patients with
hypertension.

Although the mainstay for treatment of obesity and associated metabolic disorders continues
to be lifestyle therapy aimed at caloric restriction and increased physical activity, most
people are unable to achieve and maintain adequate reductions in adiposity by diet and
exercise. Several new weight loss medications have been approved for clinical use in the past
few years but they are still less than optimal and not widely used by primary care physicians.
Anti-obesity drugs often produce only modest weight loss, little or no reduction in BP, and
some may have adverse CV effects.

CORRESPONDENCE: John E. Hall, Ph.D., Department of Physiology & Biophysics, University of Mississippi Medical Center,
2500 North State Street, Jackson, MS 39216-4505, Phone: (601) 984-1801,Fax: (601) 984-1817, jehall@umc.edu.

DISCLOSURES
None



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall and Hall

Page 2

Although many effective antihypertensive drugs are available, adequate BP control is still
achieved in <50% of hypertensive patients and those with “resistant hypertension” are
usually overweight or obese. Thus, many obese patients with hypertension are placed on
regimens of =3 antihypertensive drugs as well as multiple drugs to control dyslipidemia,
insulin resistance and hyperglycemia, inflammation and other adverse effects of excessive
adiposity.

Because lifestyle therapy and anti-obesity medications are often ineffective in producing
satisfactory weight loss lasting >1 year, surgical interventions are increasingly used to
achieve long-term reductions in adiposity as well as to treat cardiometabolic disorders in
obese patients. Bariatric surgery has been has so successful in producing >70% remission of
T2D that it is often called “metabolic surgery”.>

Bariatric surgery also confers benefits for treatment of hypertension and cardiorenal
diseases. In the first major meta-analysis of the impact of bariatric surgery on CV and
metabolic diseases, Buchwald et al® reported that Roux-en-Y gastric bypass (RYGB) surgery
induced remission of hypertension in ~75% of the patients. Sarkhosh et al” performed a
comprehensive analysis of available databases that included human studies of laparoscopic
sleeve gastrectomy between 2000 to 2011 and reported that this procedure resulted in
complete resolution of hypertension in 58% of patients and that 75% experienced
improvement or resolution of their hypertension.

Despite this rosy picture, concerns about long-term durability of antihypertensive effects of
bariatric surgery were raised after a report from the Swedish Obesity Study which followed
627 obese control subjects and 641 obese patients who underwent RYGB, vertical banded
gastroplasty, or gastric banding.8 The surgically treated group had greater weight loss and
lower incidence rates of hypertriglyceridemia, hyperuricemia and diabetes than the control
group but differences between the groups for incidences of hypertension and
hypercholesterolemia were not significant after 10 years. Important limitations of the
Swedish Obesity Study were that it was not randomized, BP was not a primary outcome, and
only 34 of the surgically treated patients who completed the 10-year follow up received
RYGB. Subsequent analysis of Swedish Obesity Study data included a larger number of
RYGB patients and demonstrated average reductions of systolic/diastolic BP of 12.1/7.3 and
5.1/5.6 mmHg at 2 and at 10 years follow up, respectively.®

Additional large meta-analyses have consistently shown benefits of bariatric surgery on BP
in obese hypertensive patients with follow ups varying from 1 to 14 years.10 Multiple studies
have also shown that RYGB or sleeve gastrectomy improves outcomes in patients with heart
failure or chronic kidney disease, perhaps at least partly due to improved control of
hypertension.11. 12

Although bariatric surgery is increasingly used to treat obesity and its co-morbidities, the
first randomized clinical trial (RCT) to prospectively assess BP effects of RYGB was the
“Gastric Bypass to Treat Obese Patients with Steady Hypertension (GATEWAY)” study.13 In
this trial, 100 patients with obesity and hypertension were randomized to RYGB or medical
therapy (MT) alone. Patients who received RGYB were 6 times more likely to reduce the
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total number of antihypertensive medications by =230% while maintaining BP control and
51% of the patients showed complete remission of hypertension, defined as SBP/DBP
<140/90 mmHg 12 months after surgery. The STAMPEDE trial (Surgical Treatment and
Medications Potentially Eradicate Diabetes Efficiently Trial), a RCT of RYGB or sleeve
gastrectomy in patients with T2D, also reported reductions in antihypertensive mediations
12 months after surgery and ~60% of the patients were able to stop their medications while
maintaining hypertension control.14 After 5 years, only 20% of patients required >3 drugs
compared to 61% before surgery.1® In contrast to the GATEWAY study, the STAMPEDE
trial and most previous RCTs were conducted in patients with uncontrolled T2D and
hypertension remission/improvement were secondary endpoints.

Schiavon et al* now report in this issue of Hypertensionthe GATEWAY sub-study in which
they performed detailed analyses of the 24-hour ambulatory BP (ABPM) profile, including
BP variability, non-dipping status, and resistant hypertension prevalence 12 months after
RYGB or MT alone. Participants were randomized (1:1) to either RYGB combined with MT
or MT alone. After 12 months, the average BMI reduction was 10.8 kg/m? in the surgical
group compared to 0.2 kg/m? in the MT control group. The 24-hour BP profile was similar
and office BP was well controlled at the same level (~123 mmHg systolic BP) in both
groups. However, the RYGB groups required fewer (0-1, average =0.73) antihypertensive
medications compared to the MT control group (2.5-4.0, average = 3.04) to achieve the
target BP. In fact, none of the patients who received RYGB required =3 antihypertensive
medications 12 months after surgery whereas ~15% of those receiving MT alone were
classified as having resistant hypertension. Another finding that could have implications for
prevention of target organ injury was the reduced ABPM variability after RYGB. Previous
studies suggest that higher BP variability is associated with increased risk of CV events,
over and above the effect of mean BP.16 Surprisingly, RYBP did not significantly alter
nighttime non-dipping of BP despite the need for fewer anti-hypertensive medications.

In addition to being the first RCT to prospectively assess BP effects of RYGB, the
GATEWAY study has other strengths including the standard protocol for BP measurements
and 24-hour ABPM with assessment of BP variability and non-dipping status. Also, the
average BMI before surgery was 36.9 kg/m? and the study cohort contained patients with
class I obesity (BMI 30.0-34.9), suggesting that RGYB may be useful for BP control while
improving metabolic and inflammatory profiles in patients with moderate obesity. Perhaps
the BP effect of surgery would be even greater in more obese subjects, but GATEWAY did
not include subjects with extreme obesity (BMI >40 kg/m?). The study was not adequately
powered for separate analyses of BP changes after RYGB in patients with class 1 and 2
obesity. Thus, the number of patients with BMI <35 kg/m? studied in RCTSs is still modest,
and even fewer patients have been assessed with BMI <30 kg/m? who have high levels of
visceral adiposity and increased cardiometabolic risk.

GATEWAY has some limitations. Although the study is planned for 5 years of follow up,
current data are from 12 months after RYGB. It would be reassuring to have much longer
follow up with larger numbers of subjects to confirm durability of BP reductions after
bariatric surgery. Also, GATEWAY was a small single-center, open-label trial and
compliance with study medications was based on patient self-reports. Finally, there has been
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a rapid shift in bariatric procedures use worldwide, with sleeve gastrectomy replacing RYBG
as the surgical treatment of choice for most patients with severe obesity.1” The sleeve
gastrectomy procedure is technically less complex, produces fewer post-surgical
complications, and may be nearly as effective in treating obesity and T2D as RYGB,
although there is still a need for additional long-term outcome data, especially for remission
of hypertension and cardiometabolic disorders.1’

Based on the results of GATEWAY and previous observational studies, attention can now be
focused on mechanisms by which bariatric surgery causes remission of hypertension as well
as diabetes. Some of the favorable cardiometabolic effects of bariatric surgery may occur too
rapidly to be directly linked to reductions in adiposity.> Early in the postoperative period,
even before significant weight loss, many patients show decreases in BP and plasma glucose.
Whether BP reductions are caused mainly by decreased caloric intake which, in turn,
attenuates neurohormonal mechanisms that contribute to obesity hypertension? or via other
pathways originating in the gastrointestinal (Gl) tract is unclear.> Remission of diabetes
within days after bariatric surgery has been suggested to be mediated by changes in the gut
microbiota, increased bile acids, increased incretins, vagal afferent stimulation, accelerated
entry of food and undigested nutrients to the small intestine which may alter various Gl
hormones (e.g. peptide Y, GLP-1), and other factors (Figure 1).5 The importance of these
mechanisms for BP regulation after bariatric surgery, however, is unclear and supporting
evidence is sparse. Although it is clear that bariatric surgery can elicit reductions in BP and
glucose before substantial changes in adiposity or body weight occur, there is still
considerable uncertainty about whether the rapid or long-term antidiabetic and BP effects of
bariatric surgery are independent of decreased caloric intake. Further studies to elucidate
these mechanisms represent an important research priority.

The study by Schiavon and colleagues adds to growing evidence that bariatric surgery can
reduce hypertension as well as other risk factors for CV and renal disease. Observational
studies as well as RCTs of bariatric surgery have shown promising long-term reductions of
CV and kidney disease risk factors. Available RCTs, however, do not permit comparison of
conventional therapies and various types of bariatric surgery, including the most commonly
performed sleeve gastrectomy procedure, in different stages of obesity/metabolic disease
severity. Although larger RCTs are needed to further demonstrate long-term benefits, there
may be enough clinical and mechanistic evidence to support inclusion of “cardiometabolic”
surgery for people with moderate obesity and hypertension as well as for those who have
severe, morbid obesity and T2D.

There are many remaining questions. Does duration of obesity influence the BP response to
bariatric surgery? Are the BP lowering effects of bariatric surgery blunted by longstanding
obesity and hypertension which may cause injury to target organs, especially the kidneys?
Can bariatric surgery in obese individuals prevent development of resistant hypertension and
target organ injury if conducted early enough (e.g. in adolescence)? With the rapid increase
in bariatric surgeries worldwide we should have the answers to these questions in the next
several years.
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Figurel.

Rapid and chronic effects of bariatric (“cardiometabolic”) surgery to cause remission of
hypertension and type 2 diabetes (T2D) in patients with obesity and some mechanisms that
have been proposed. Abbreviations: SNS, sympathetic nervous system; RAAS, renin-
angiotensin-aldosterone system; RYGB, Roux-en-Y gastric bypass; T2D, type 2 diabetes
mellitus.
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