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Abstract 

Obesity has become a serious threat to the human health and is considered as a major non-communicable disease. Bariatric 

surgery has proved to be the most competent in the treatment of morbid obesity and its related metabolic comorbidities like type 

2 diabetes, hypertension, obstructive sleep apnea, coronary heart disease and hyperlipidemia. The chances of developing primary 

hypertension increases with an increase in weight and even notable gain in weight in this group are accompanied with the higher 

chances for acquiring primary hypertension. Bariatric surgery has proven to be a landmark in the resolution of obesity along with 

the improvement or complete resolution of hypertension in hypertensive obese patients. The adipose tissues in obese patients, not 

only store energy, but also secret various adipokines. These adipokines such as adiponectin, leptin and resistin have shown to 

have a vital role in the pathophysiology of essential hypertension. Studies have shown a marked reduction in blood pressure in 

hypertensive obese patients undergoing Bariatric surgery. The renin-angiotensin-aldosterone system activation, the sympathetic 

nervous system disorders and endothelial dysfunction seems to play a major role between the obesity and hypertension. Currently, 

there has not been any independent study showing the relation between the Bariatric surgeries having a role in relieving primary 

hypertension or the mechanism by which Bariatric surgery decreases blood pressure. Thus, in this review, we discussed the 

possible causes of primary hypertension in the obese patients along with the role of Bariatric surgery in hypertensive obese 

patients, with its possible mechanisms involved in decreasing the blood pressure. 
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Introduction 

With the improvement of lifestyle and people’s 

eating habits, the prevalence of obesity worldwide 

is rising at a dramatic rate. By 2015, The World 

Health Organization projects 2.3 billion of the 

world’s population to be overweight with more than 

700 million to be under obesity line [1]. Obesity is 

often accompanied with the increase in risk of 

developing comorbidities like type 2 diabetes, 

hypertension, obstructive sleep apnea, 

hyperlipidemia and coronary heart diseases [2]. To 

date, Bariatric surgery has proved to be the most 

competent in the treatment of morbid obesity and 

its related metabolic comorbidities. Among the 

different comorbidities, one of the most common 

comorbidity associated with obesity is hypertension. 

It is seen that in obese patients, the chances of 

possessing primary hypertension increases with an 

increase in weight and even notable gain in weight 

in this group are accompanied with the higher 

chances of acquiring primary hypertension [3-5]. 

Studies have shown that the excess gain in weight 

may contribute to about 65%-75% chances of 

developing primary hypertension [6]. Currently, the 

treatment of essential hypertension includes 

lifestyle improvement, taking B-blockers and other 

antihypertensive drugs; however, to treat obesity, 

especially morbid obesity there is no truly effective 

pharmaceutical agents available. Studies have 

shown that Bariatric surgery has proven to be 

landmark in a long-term resolution of obesity along 

with the improvement or complete resolution of 

hypertension [7]. Currently, there has not been any 

independent study showing the relation between the 

Bariatric surgeries having a role in relieving 

primary hypertension or the mechanism by which 

Bariatric surgery decreases blood pressure. In this 

review, we have discussed the possible causes of 

primary hypertension in the obese patients along 

with the role of Bariatric surgery in hypertensive 

obese patients, with its possible mechanisms 

involved in decreasing the blood pressure. 

Relation between obesity and 
hypertension 

Obesity has become a serious threat to the 

human health and is considered as a major non-

communicable disease. At present, the research on 

obesity and primary hypertension has made a 

significant progress. Juharri et al. [8] in his study 
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showed a consistent link between adiposity and 

hypertension relating that an increase in blood 

pressure is closely associated with the increase in 

weight. The body of obese patients contains a lot of 

adipose tissue. These adipose tissues not only store 

energy, but also secret various types of adipokines. 

These adipokines such as adiponectin, leptin and 

resistin have shown to have a vital role in the 

pathophysiology of essential hypertension [9]. 

Yatagi et al. [10] in his studies showed that in 

obese patients, adiponectin levels are associated 

with visceral fat, but irrelevant to the subcutaneous 

fat content and has an inverse relation to the weight 

gain. At the same time, lower serum adiponectin 

can induce insulin resistance (IR). Chou et al. [11] 

proposed an assumption that showed low 

adiponectin levels to have a vital role in the 

development of primary hypertension. An 

experiment done on rats has shown that rats 

injected with adiponectin tend to improve IR [12]. 

In obese patients without IR, low serum 

adiponectin may be the main cause of essential 

hypertension mechanism as systolic and diastolic 

blood pressure are in negative correlation with the 

serum adiponectin levels [13]. Luo et al. [14] in 

their studies have demonstrated leptin to be closely 

related in increasing blood pressure. Higher level of 

leptin is seen among hypertensive patients 

compared to the normotensive patients. In vitro 

experiments of Quehenberger et al. [15] confirmed 

leptin induced endothelin-1 to be a potent 

vasoconstrictor in human umbilical vein endothelial 

cells. Rosmond et al. [16] studied on the diversity 

of the leptin receptor gene, showing the association 

of leptin with blood pressure through leptin 

receptor, having different degrees of impact on 

blood pressure when certain protein mutates on 

certain leptin receptor loci. Moreover, the renin-

angiotensin-aldosterone system (RAAS) activation 

[17], endothelial dysfunction [18] and the 

sympathetic nervous system disorders [19] are also 

playing a major role between the obesity and 

hypertension. 

Bariatric surgery as a treatment of 
primary hypertension 

Bariatric surgery has become a boon for the 

obese patients with metabolic syndromes (MS). It 

not only decreases the body mass index (BMI), but 

also helps in the improvement of their MS and 

quality of life [20, 21]. At present days, usually 

three kinds of Bariatric surgical procedures 

(laparoscopic sleeve gastrectomy (LSG), Roux-en-

Y gastric bypass (RYGBP) and gastric binding) are 

performed and they all have varying degree of 

effects on essential hypertension. Kourosh et al. [21] 

did a systematic review of 33 studies, including 

3997 cases of obese patients with essential 

hypertension having undergone LSG. Their mean 

BMI was 49.1±7.5kg/m
2
 and the average time for 

their follow-up was 16.9±9.8 months. Their mean 

postoperative BMI was 36±7kg/m
2
 with about 75% 

of patients having complete remission or 

improvement in their blood pressure.  

 Marcelo et al. [22] did an analysis of 95 

morbidly obese patients with documented 

hypertension and were under antihypertensive 

medications and underwent laparoscopic RYGBP. 

Their preoperative mean BMI was 47±8 kg/m
2
. 

After surgery, their mean excess body weight loss 

after one month was 23%-66% after one year. 

Along with this weight loss, a significant reduction 

in mean systolic and diastolic blood pressure was 

also seen. After one month of operation, 25% 

patients showed complete remission of 

hypertension while 36% patients had an 

improvement in hypertension. After one year of 

operation, 46% patients showed complete remission 

of hypertension with 19% patients having an 

improvement in hypertension. Thus, a significant 

decrease in blood pressure was seen with a 14 % 

reduction (by 20mm Hg) in the systolic and 11% 

reduction (by 9mm Hg) in the diastolic pressure at 

12 months postoperatively. Similarly, Fernstorm et 

al. [23] also did a study on 347 morbidly obese 

patients to observe the effect of Bariatric surgery on 

hypertension. These patients went through either 

RYGBP (n=285) or gastric banding Gastroplasty 

(n=62). Among those, 192 patients were 

hypertensive (103 with anti-hypertensive medicine 

and 89 with no medicine). After 18 months of 

operation, the results showed that 92 patients still 

have hypertension after the operation (68 patients 

with anti-hypertensive medicine and 24 with no 

medicine) while others had complete remission of 

their hypertension. From this study, it was 

concluded that the patients have changes in their 

blood pressure after the Bariatric surgery showing 

the relation between the Bariatric surgery and blood 

pressure. Adami et al. [24] performed a study on 

458 severely obese patients (mean BMI = 49kg/m
2
) 

with hypertension and had Biliopancreatic 

diversion (BPD). They found that in the first 

postoperative year, 50% of those patients (mean 
BMI = 30kg/m

2
) had their blood pressure dropped 

to the normal range and further about 10% of the 
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remaining patients showed normal blood pressure 

in the second or third year of the operation (mean 

BMI = 29kg/m
2
) with no relapse in the patients 

once having blood pressure dropped to the normal 

range after the operation. 

Buchwald et al. [3] did a meta-analysis of 

22,094 morbidly obese patients who underwent 

various Bariatric procedures: gastric binding, 

gastric bypass, gastroplasty and biliopancreatic 

diversion with duodenal switch and the result 

showed that 38.4%, 75.4%, 72.5% and 81.3% of 

patients, respectively, had their blood pressure 

dropped to the normal range. However, in 71.5%, 

87.1%, 80.6% and 91.8% patients, respectively, 

showed resolution or improvement in hypertension. 

Maggard et al. [25] in his 19 studies described the 

changes in hypertension after the Bariatric surgery 

and found that in 25% to 75% of hypertensive 

patients were with complete resolution or 

improvement in hypertension and there was 

improvement in 95% to 100% of hypertensive 

patients. 

In 2003, Sugerman et al. [26] performed a study 

on 1025 patients who underwent RYGBP. Among 

those patients, 521 were hypertensive. After 1-2 

years of the operation, hypertension resolved in 69% 

of the patients. However, it maintained for 5-7 

years and later drop-off in the control of 

hypertension from 69% to 37% in follow-up of 10-

12 years. Similarly, in a survey of 37 hypertensive 

obese patients undergoing Bariatric surgery had 

marked decrease in blood pressure in the early 

stage after surgery (after 4 months). However, the 

weight reduction continued up to 12 months, but 

there was no any notable decline in blood pressure 

showing some hormonal mechanism in earlier 

reduction in blood pressure [27]. Thus, a large 

number of studies have confirmed that the Bariatric 

surgery has a significant role in the treatment of 

essential hypertension and other MS. 

Possible mechanisms 

After Bariatric surgery, it is usually seen that 

there is a decrease in blood pressure at the early 

stage of the postoperative period. This effect might 

not be directly related to the weight, but other 

mechanisms like alteration in the RAAS, 

development of insulin resistance, increased 

sympathetic nervous system (SNS) activity, leptin 

resistance and hyperleptinemia might also come 

into play. The main mechanism involved may be 
the reversal of the SNS disorders. Systemic SNS in 

patients with essential hypertension does not show 

high sensitivity, but is selectively activated by the 

SNS, such as by the activation of the skeletal 

muscle and the sympathetic nervous system of the 

kidney [28].  Activated SNS may cause an increase 

in blood pressure by activating peripheral 

vasoconstriction, causing sodium excretion and 

water absorption by stimulating the RAAS [29]. 

Weyer et al. [30] found that in the white population, 

the muscle SNS activation is associated with the 

body fat ratio. Therefore, the Bariatric surgery can 

lower the percentage of fat in obese patients to 

achieve the purpose of treatment of essential 

hypertension. Jacques et al. [31] studies have 

shown that the decrease in weight can improve the 

insulin sensitivity of the body and can improve the 

sympathetic nervous system disorders. Ten cases of 

severe obesity with hypertension underwent sleeve 

gastrectomy. The blood pressure, heart rate, plasma 

leptin and muscle sympathetic nerve activity were 

measured 2-3days before the surgery.  After six 

months of the surgery, those measurements showed 

decreased BMI (9.1±1.4), systolic pressure 

(10.2±4.5 mmHg), heart rate (11.0 ± 2.4 times/min), 

plasma leptin (53.6±8.8 μg/L) and muscle 

sympathetic nerve impulses (15.0±3.4 times/min). 

These data demonstrated that sleeve gastrectomy 

causes sympathetic suppression that may have some 

relevance with the decreased blood pressure and 

decreased plasma leptin. In the pathogenesis of 

hypertension, the SNS plays a vital role in 

experimental animals and humans. The former 

stimulates the secretion of leptin and insulin, which 

can cause or aggravate insulin resistance [32]. 

There is evidence that leptin can cause excitement 

of SNS. The decrease in leptin levels after Bariatric 

surgery can inhibit the sympathetic nervous system. 

However, the study showed that the duration of 

insulin resistance was not long, and the sympathetic 

nerve activity remained low for 1 year after 

operation, and the plasma insulin level was 

increased gradually. Therefore, it is believed that 

the improvement of insulin resistance in patients 

with essential hypertension might be a transient, 

and not the mechanism of Bariatric surgery in the 

treatment of essential hypertension [33]. 

Another mechanism proposed in the 

improvement of hypertension might be a decrease 

in plasma leptin levels after Bariatric surgery. 

Leptin has many physiological functions, including 

promoting the function and regulation of glucose 

and insulin metabolism, the hypothalamic- 
pituitary-adrenal axis and vascular regeneration and 

contraction through a direct effect on the blood 
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vessel wall causing vascular contraction or 

relaxation, and thereby affecting the blood pressure 

[19, 34]. However, leptin might lack a direct effect 

on arterial blood pressure, but through 

vasoconstriction and vasodilatation effect of nitric 

oxide (NO) on sympathetic nervous system, it can 

cause the systematic hemodynamic balance [35]. 

Bravo et al. [36] believed that high leptin levels in 

the blood are the risk factors for hypertension. 

Leptin has a role not only through the peripheral 

nerve endings, but also through the central nervous 

system in the hypothalamus to activate the SNS 

causing an increase in the blood pressure [37]. Vila 

et al. [38] performed a study on 28 obese patients 

with primary hypertension who were to undergo 

RYGBP. Their preoperative weight was 129±2.9 kg, 

BMI 48.2±1.1 and plasma leptin level was 

110.2±7.3 ng/ml. After one year (10.3~14.6 months) 

of surgery, weight was reduced to 95.2±3.1 kg, 

BMI 35.5±1.2 and plasma leptin level to 36.4±4.9 

ng/ml. These results showed RYGBP has 

significant effect in reducing body mass and can 

effectively reduce the level of plasma leptin. The 

decrease of plasma leptin can make the systemic 

hemodynamics stable, and reduce the release of 

endothelin 1 and other strong vascular substances to 

treat the patients with essential hypertension [39].  

Conclusions 

The Bariatric surgery has a definite therapeutic 

effect on the resolution of essential hypertension. A 

large amount of fat factors is associated with the 

pathophysiology of primary hypertension, and has 

become one of the independent possible factors of 

hypertension. Bariatric surgery can be associated 

with improvement of hypertension in obese patients 

in long-term duration, along with the weight 

reduction, which might be due to the improvement 

of the SNS disorders and a variety of adipokines 

reduction along with the combined results of 

different combined factors. The outcome of 

different Bariatric procedures on primary 

hypertension is not the same. At present, there is 

only a preliminary understanding of the 

mechanisms of Bariatric surgery in the treatment of 

primary hypertension. It is necessary to study the 

mechanism of the multi center randomized 

controlled study in order to clarify its mechanisms. 

In addition, a discrete study should be performed on 

different types of Bariatric surgeries showing their 

efficacy in the resolution of hypertension and the 
reasons for their dissimilar results for the better 

understanding of its involved mechanisms. 
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