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Abstract
Background Bariatric surgery leads to remission of several obesity-related comorbidities, including hypertension. Although
antihypertensive medication use is decreased after bariatric surgery, the exact time course of decrease in blood pressure after
surgery is not known.
Methods A database of patients undergoing bariatric surgery at our institute was used to study the effect of surgery on time course
of blood pressure changes. Data from surgeries performed between January 2010 and December 2012 were used.
Results Maximum blood pressure and body weight decreases were observed at 2 weeks and 1 year after surgery, respectively.
Average decrease in the mean arterial pressure (MAP) was 4.46 mmHg (61.5 ± 17.1% of maximal decrease) and 7.17 mmHg
(maximum decrease) at 1 and 2 weeks after surgery, when the decrease in body weight is 22.8 ± 1.6 and 28 ± 1.4% of maximal
weight loss, respectively. In hypertensive patients, MAP decreased from 98.5 ± 0.78 to 92.3 ± 1.76 and 93.1 ± 0.92 mmHg at 1
and 2 weeks post-surgery, respectively. In normotensive patients, the MAP decreased from 96.2 ± 0.79 to 88.7 ± 1.25, 90.0 ±
0.94, 86.5 ± 1.35, 88.0 ± 1.13, and 86.4 ± 2.13 mmHg at 2 weeks, 3 and 6 months, and 1 and 3 years after surgery, respectively.
Conclusions These data demonstrate that significant decrease in MAP occurs within 2 weeks after bariatric surgery in hyperten-
sive as well as normotensive patients. Future studies are required to investigate the weight-independent mechanisms of blood
pressure decreases after bariatric surgery.
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Introduction

Bariatric surgery is an effective treatment option to fight the
increasing obesity epidemic. Roux-en-Y gastric bypass, lapa-
roscopic sleeve gastrectomy, biliopancreatic diversion, and
adjustable gastric band can have significant effects on long-
term weight loss [1–3]. In addition, these procedures have
been shown to decrease the incidence of several obesity-

related comorbidities such as diabetes, hypertension, dyslip-
idemia, and sleep apnea [4–6]. However, the underlying path-
ophysiologic mechanisms are not well understood.

Differential effects of surgery on time course of diabetic
remission and weight loss provided a rationale for studying
the underlying mechanisms. Several mechanisms such as de-
creased hepatic glucose production [7], increased glucose uti-
lization in intestines [8], changes in eating behavior [9], and
altered entero-endocrine responses tomeal ingestion [10] have
been proposed. Of these different mechanisms, the majority of
published studies have focused on the entero-endocrine
changes and increased incretin response after surgery is wide-
ly accepted as at least partly being responsible for diabetes
remission.

Although strong evidence exists for remission of other obe-
sity comorbidities [2, 6], investigation of their underlying
mechanisms has received much less attention. For example,
hypertension remission is consistently reported after bariatric
surgery [11, 12], but very limited information is available on
the underlying pathophysiology. However, it is common
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practice to decrease antihypertensive medications after sur-
gery, along with anti-diabetic medication. The underlying as-
sumption is that hypertension remission also follows a similar
time course of diabetes remission. Although a few preliminary
reports suggested early remission of hypertension after bariat-
ric surgery [13–15], this hypothesis has not been formally
evaluated. The goal of this study is to compare the time course
of blood pressure changes after bariatric surgery with that of
body weight.

Methods

Data

A retrospective chart reviewwas conducted using 249 patients
who underwent laparoscopic sleeve gastrectomy (LSG), and
laparoscopic Roux-en-Y gastric bypass (RYGB), from
January 2010 to December 2012 at our institute. A preopera-
tive average blood pressure was obtained by using the mean
blood pressure of the most recent four blood pressures taken
within 3 months of the patient undergoing bariatric surgery.
Postoperative blood pressures and mean arterial pressures
were then recorded at routine postoperative intervals: 1 to
2 weeks, 3 months, 6 months, 1 year, 3 years, and 5 years.
Preoperative antihypertensive medications as well as postop-
erative trends in medication management were recorded at the
same time intervals.

Patient Selection

All adult patients (> 18 years) who underwent bariatric sur-
gery were included. All patients that would undergo bariatric
surgery at our institute meet the 1991 NIH criteria for bariatric
surgery, which includes BMI greater than or equal to 40 kg/m2

or BMI 35–39.9 kg/m2 with any obesity-related comorbid
conditions. Psychiatric evaluation was used to identify any
patients that are likely to be unsuccessful with bariatric sur-
gery due to coexisting behavioral or personality disorders
such as binge eating disorder. Patients also underwent preop-
erative esophagogastroduodenoscopy to identify patients with
possible hiatal hernia, Helicobacter pylori infection, or other
esophageal, gastric, or duodenal pathology. Patients who are
noted to have a hiatal hernia are offered concomitant hernia
repair at the time of surgery. Patients who are identified to
have H. pylori are treated with standard triple therapy regi-
mens (e.g., amoxicillin, clarithromycin, and a proton pump
inhibitor). Anyone who has undergone previous bariatric sur-
gery and subsequently underwent second bariatric procedure
was excluded from study. Patients are classified to be hyper-
tensive if they are on antihypertensive medication or if their
pre-surgery systolic blood pressure is 140 mmHg. Medication
for each patient was managed according to the patient history,

the clinical presentation, and the class of antihypertensive.
The primary goal of medication management after surgery is
to maintain the systolic blood pressure below 140 mmHg.

Outcomes

Body weight and mean arterial pressure at different time
points were analyzed as primary outcome measures. All
blood pressure measurements were recorded by trained
nurses using Welch Allyn automatic machines. Blood
pressures were measured on the arm of a seated patient
at rest. In addition, the number of medications used and
the dosage of different classes of antihypertensive medi-
cines were also analyzed across different time points. The
antihypertensive medication classes which were over-
whelmingly utilized and monitored were beta blockers,
calcium channel blockers, ACE inhibitors, angiotensin re-
ceptor blockers (ARB’s), and thiazide diuretics.

Statistical Analyses

Awithin-subject statistical analysis was used to comparemean
arterial pressure (MAP) values, body weight, number of med-
ications, and dose of medications. This design eliminates the
inter-individual variability associated with baseline (pre-
surgery) values in each parameter. However, the variation in
individual responses in body weight and MAP to surgical
intervention was analyzed by using paired statistical tests.
Body weight and MAP data had Gaussian distribution, and
thus parametric statistical analyses (paired t tests) were used to
compare changes in body weight and MAP at different time
points with those of pre-surgery values. The number of anti-
hypertensive medications used is a discontinuous variable and
does not follow normal distribution. Wilcoxon paired test was
used to compare the changes in number of medications at
different intervals after surgery with that of pre-surgery.
Antihypertensive medications were classified into seven dif-
ferent categories. All dosage data within eachmedication class
were normalized to pre-surgery values for each patient.
Fractional data of each medication class at different post-
surgery time points were analyzed to test a significant devia-
tion from the normalized value of 1, using a Student’s t test.

Results

Baseline characteristics of patient population are described in
Table 1. Of the total 249 patients included in this study, 135
met the criteria for hypertension while the rest are classified as
normotensive. Majority of patients (91%) were female,
reflecting the demographics of bariatric patients at military
and civilian hospitals. Most of the surgeries performed
(85.5%) were LSG, as this is the preferred surgical

1846 OBES SURG (2018) 28:1845–1851



intervention at our institute. Baseline pre-surgical data on dos-
age of seven different classes of antihypertensive medications
shown in Table 2 provide reference points for interpreting
normalized data analyses presented below. In addition, the
frequency distribution of baseline medication usage shows
that ACE inhibitor/ARB, thiazide, beta adrenergic blockers,
and calcium channel blockers are the most used drugs in that
order (Table 2).

Time Course of MAP and Body Weight Changes

As expected, bariatric surgery led to a progressive decrease
in body weight from 1 week to 1 year after surgery
(Fig. 1a). This trend reversed after 1 year with an increased
body weight at 3- and 5-year post-surgical intervals com-
pared to that of 1 year. A statistically significant decrease
in MAP was observed at all the time points after surgery,
except at 5 years. Similarly, a decrease in systolic blood
pressure was observed at all the time points after surgery
(Supplemental Figure 1). The magnitude of MAP decrease
was greatest at 2 weeks post-surgery with comparable
values at 1-week, 3-month, 6-month, 1-year, and 3-year
time points. This discrepancy in time course of the magni-
tude of changes in body weight and MAP is readily appar-
ent when the same data are visualized as percent of maxi-
mal change. Data were normalized to the values observed
at 2 weeks (MAP) or 1 year (body weight) within each
subject and expressed as percent maximal change.
Figure 1b shows that 61.5 and 100% of maximal MAP
changes were observed at 1 and 2 weeks after surgery
when the body weight decreases were only 22.8 and 28%
of maximal changes observed, respectively. These data il-
lustrate that significant MAP decreases occur within the
first 2 weeks after surgery and are not related to the mag-
nitude of body weight changes.

Time Course of Changes in Antihypertensive
Medication Use

Analyses of changes in number and dosage of antihyperten-
sive medications are shown in Fig. 2a, b, respectively. A sta-
tistically significant decrease in the number of medications
was observed at all the post-surgical time points with the ex-
ception of 5-year data. Analyses of changes in the dosage of
four of the most commonly used medications show that a
statistically significant decrease in dosage is observed at all
the time points for thiazides, beta adrenergic blockers, and
calcium channel blockers. ACE inhibitor/ARB usage was de-
creased at 1-week to 6-month period, while the changes at 1–
5 years were statistically not significant. Maximum fractional
decrease was observed at 1 week for thiazides, while the other
three classes showed comparable decrease at this time point. A
progressive trend towards higher doses after 1 week was ob-
served for thiazides and ACE inhibitor/ARB, but not beta
adrenergic blockers and calcium channel blockers.

Comparison of MAP Changes in Normotensive
and Hypertensive Subjects

The above data show that the changes in MAP observed in
Fig. 1 occur in presence of decreased medication use. Thus, it
is difficult to assess the true effect of bariatric surgery onMAP
changes. Furthermore, to our knowledge, the effect of bariatric
surgery on blood pressure in normotensive subjects has not
been reported. We next analyzed the time course of changes in
MAP in normotensive and hypertensive patients. The average
pre-surgery MAP in normotensive patients (104.2 ±
0.80 mmHg) was lower than that in hypertensive patients
(107.7 ± 1.72 mmHg) (P < 0.01). Figure 3 shows that a statis-
tically significant decrease in MAP was observed at 1 and
2 weeks post-surgery in hypertensive patients. In normoten-
sive subjects, a statistically significant decrease in MAP was
observed at 2 weeks, 3 months, 6 months, 1 year, and 3 years
after surgery. The magnitude of this decrease was 7.6, 6.9,
10.8, 9.7, and 8.7 mmHg, respectively. Similar decreases in
systolic blood pressure were also observed in these two co-
horts after surgery (Supplemental Figure 2). These data dem-
onstrate that the decrease in blood pressure after bariatric sur-
gery occurs as early as 2 weeks in both normotensive and
hypertensive patients.

Discussion

In a comprehensive analysis of a temporal discord be-
tween hypertension remission and weight loss after bar-
iatric surgery, we found that decreases in blood pressure
occur within 2 weeks in both hypertensive and normoten-
sive patients. To the best of our knowledge, this is the first

Table 1 Preoperative characteristics of bariatric surgery patients

Parameter Normotensive Hypertensive P value

Number of patients 114 135

Age (years) 37.7 ± 0.95 50.5 ± 0.83 < 0.001

Gender

Female 112 117

Male 2 18

Type of surgery

LSG 93 120

RYGB 21 15

Height (cm) 165.2 ± 0.65 165.8 ± 0.77 0.57

Weight (kg) 113.2 ± 1.45 115.9 ± 1.75 0.25

BMI (kg/m2) 41.6 ± 0.47 42.2 ± 0.54 0.40

MAP (mmHg) 96.2 ± 0.79 98.5 ± 0.78 0.04
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Table 2 Preoperative
antihypertension medication used
in study patients

Medication Average dose (mg/day) SEM Number of patients

ACE inhibitors or ARB 87

Lisinopril 16.9 2.1 32

Telmisartan 56 6.8 18

Losartan 70.8 7.4 12

Fosinopril 35.6 2.9 9

Benazapril 37.1 2.9 7

Candasartan 21.6 6.4 5

Enalpril 11.3 2

Ramipril 6.3 2

Thiazides 70

Hydrochlorothiazide 22.6 1.0 67

Chlorthalidone 25 0 3

Beta adrenergic blockers 53

Atenolol 50.4 6.1 24

Metoprolol 81.5 12.8 23

Carvedilol 53.1 2

Labetolol 300 2

Propranolol 100 2

Calcium channel blockers 31

Amlodipine 9.5 2.5 18

Nifedipine 72.9 6.1 7

Diltiazem 202.5 37.5 4

Felodipine 10 1

Verapamil 240 1

Diuretics (loop and potassium sparing) 14

Triamterene 55.4 8.1 6

Furosemide 52 12 5

Tosemide 10 2

Spironolactone 25 1

Alpha adrenergic blocker 1

Doxazosin 4 1

Fig. 1 Effect of bariatric surgery on body weight and MAP. a Body
weight (kg) and MAP (mmHg) before and different time points after
bariatric surgery are shown as mean ± SEM. Asterisk symbol represents
significant difference from pre-surgery values (P < 0.05). N values are
249, 88, 205, 160, 114, 157, 137, and 52 at pre-surgery, 1 week,
2 weeks, 3 months, 6 months, 1 year, 3 years, and 5 years, respectively.

Percent of excess BMI lost at different post-surgery time points was
44.81 ± 2.01, 46.06 ± 1.93, 62.69 ± 1.63, 71.62 ± 1.70, 80.44 ± 1.91,
75.70 ± 2.04, and 71.91 ± 4.23, respectively. b Body weight and MAP
are shown as percent of maximal change after surgery (1 year for body
weight and 2 weeks for MAP). MAP mean arterial pressure
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evidence of blood pressure decreases in clinically normo-
tensive human subjects after bariatric surgery. It is diffi-
cult to assess the exact effect of bariatric surgery on blood
pressure because of simultaneous changes in medication
in hypertensive patients in the post-surgical period. Thus,
the magnitude of blood pressure changes in normotensive
patients reflects the true effect of surgery. As mentioned
in the BIntroduction,^ three other studies reported de-
creases in blood pressure within weeks after bariatric sur-
gery. However, a few methodological limitations of the
earlier studies preclude a firm conclusion about the true
effect of bariatric surgery on the blood pressure. A recent
study reported decreases in blood pressure in hypertensive
patients but not in normotensive patients after laparoscop-
ic Roux-en-Y gastric bypass [15]. This study had small
set of study subjects (n=12), and the earliest time point of
post-surgical blood pressure measurement was 6 weeks.
An earlier study reported decreases in blood pressure as
early as 1 week after laparoscopic Roux-en-Y gastric by-
pass [13]. However, the majority of the hypertensive

subjects and half of the subjects in normotensive group
in this study were on antihypertensive medication. The
changes in postoperative medication make it difficult to
assess the true effect of surgery on blood pressure, similar
to the limitation in the hypertensive group of our study.
The third study is a preliminary report from our institute
including a majority of sleeve gastrectomy patients [14].
This study also has the same limitation of simultaneous
medication changes along with the changes in blood pres-
sure. Thus, the present study provides the first conclusive
evidence of blood pressure changes in normotensive bar-
iatric surgery patients and offers an incentive to study the
possible underlying mechanisms of weight loss-
independent decreases in blood pressure.

Data on changes in blood pressure medication are present-
ed in order to present a context in which the blood pressure
changes in hypertension group were observed. It would be
difficult to read into these changes as they were not designed
to meet any criteria, but rather follow a standard of care pro-
tocol at our institution. Another limitation of our study is that
it is retrospective in nature and suffers from all the limitations
of such an experimental design. For example, there are miss-
ing observations that are responsible for some of the variabil-
ity seen in blood pressure. However, our statistical analysis of
within-subjects design was able to overcome this limitation
and provide meaningful information on blood pressure chang-
es after surgery. Another limitation of our study is that it is
conducted at a single institution and we pooled different sur-
gery types. The majority of the subjects underwent LSG, and
when data were analyzed in LSG group alone, the conclusions
were not changed.

Phenotype of obese individual is one of the risk factors for
hypertension where abdominal fat rather than subcutaneous
fat is associated with hypertension [16, 17]. Multiple mecha-
nisms are involved in pathophysiology of obesity-associated
hypertension [18]. Increased activity of the sympathetic ner-
vous system is one of the primary causes for obesity-

Fig. 2 Effect of bariatric surgery on use of hypertension medication. a
Average number (± SEM) of antihypertensivemedication used before and
different time points after surgery is shown. Asterisk symbol represents
statistically significant difference from pre-surgery values (P < 0.05). b
Fraction of antihypertensive medication used at different time points after

surgery is shown as mean ± SEM. Pre-surgery dosage in each drug cate-
gory was defined as 1. All post-surgery values except those indicated by
asterisk symbols are statistically different from corresponding pre-surgery
values (P < 0.05). Only the top four categories based on pre-surgery usage
are shown

Fig. 3 Effect of bariatric surgery on MAP in patients with or without
hypertension. MAP ± SEM are shown at different time points. Asterisk
symbol represents statistically significant difference from pre-surgery
values (P < 0.05)
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associated increase in humans as well as animal models [19,
20]. In addition, hyperinsulinemia, activation of the renin-
angiotensin-aldosterone system, abnormal levels adipokines,
and altered spectrum of cytokines acting at the vascular endo-
thelial level have all been suggested to play a role in obesity-
associated hypertension [18, 21, 22]. While some of these
mechanisms might be responsible for improvement in blood
pressure during later phases (beyond 3–6 months) after bariat-
ric surgery, they are unlikely to account for early improve-
ments after bariatric surgery. The correlation of body weight
and blood pressure changes observed at later phases, but not at
1–2 weeks after surgery provides evidence for differences in
the respective mechanisms of blood pressure improvement.

Augmented entero-endocrine responses are at least partly
responsible for early diabetic remission after bariatric sur-
gery. For example, increased glucagon-like peptide 1 (GLP-
1) release can cause increased insulin production and better
glycemic control within a week of surgery [23]. There are
several plausible mechanisms by which GLP-1 can have a
hypotensive effect. Renin-angiotensin-aldosterone system,
immune cell activation, vasorelaxation, and natriuresis have
all been hypothesized to play a role in incretin-mediated
improvements in blood pressure [24]. Indeed, long-term
administration of a GLP1 analog (exenatide) can decrease
blood pressure in humans [25, 26]. While some of these
systems, such as renin-angiotensin-aldosterone system, are
involved in bodyweight-related changes in blood pressure,
the exact mode of their involvement after augmented
incretin response is likely to be different. Other hormones,
such as atrial natriuretic peptide and inflammatory media-
tors, have also been proposed to mediate hypotensive ef-
fects of bariatric surgery [15, 27]. Future studies are re-
quired to analyze the precise role of different endocrine
mediators and their downstream effects on blood pressure
regulation after bariatric surgery.

These future studies in humans and animal models can
be designed with the benefit of the data presented in this
manuscript. For example, we show that pre-existing hyper-
tension is not necessarily required for studying the chang-
es in blood pressure after bariatric surgery. Indeed, the
interpretation of blood pressure changes in this cohort, in
absence of any medication changes after surgery, is rela-
tively simpler and provides additional support to the effec-
tiveness of surgery in blood pressure regulation. Precise
animal models will enable us to dissect the role of differ-
ent mechanisms outlined above. Similarly, non-invasive
prospective studies in humans such as monitoring natriure-
sis after surgery can provide useful leads.
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