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Long-term Changes in Blood Pressure
in Extremely Obese Patients Who Have
Undergone Bariatric Surgery

John D. Fernstrom, PhD; Anita P. Courcoulas, MD; Patricia R. Houck, MS; Madelyn H. Fernstrom, PhD

Hypothesis: Systolic and diastolic pressure and the in-
cidence of hypertension in very obese patients decline
after bariatric surgery and do not rebound.

Design: Chart review.
Setting: Surgical practice in a university medical center.

Patients: Women and men, 18 years or older, with a
body mass index (BMI) (calculated as weight in kilo-
grams divided by the square of height in meters) of 40
or greater, having no previous surgical intervention for
extreme obesity.

Intervention: Vertical-banded gastroplasty or Roux-
en-Y gastric bypass.

Main Outcome Measures: Systolic and diastolic blood
pressure, BMI, and antihypertensive medications.

Results: Patients underwent Roux-en-Y gastric bypass
(n=285; mean initial BMI, 55.7) or vertical banded
gastroplasty (n=62; mean initial BMI, 48.5); half of

each group was hypertensive at evaluation. The BMI
dropped in both groups after surgery and stabilized at
about 35 within 18 months. Systolic pressure changes
were generally modest, although diastolic pressure
declined significantly after surgery. In patients with
untreated stage 1 hypertension, marked reductions in
systolic and diastolic pressures occurred after surgery.
Many patients taking antihypertensive medications
before surgery discontinued them after surgery and
remained normotensive.

Conclusions: Blood pressure reductions that occur af-
ter bariatric surgery and substantial weight loss depend
on the blood pressure status of patients before surgery:
normotensive patients and hypertensive patients taking
antihypertensive medications show small postsurgical
pressure reductions, while patients with elevated blood
pressure before surgery show notable postsurgical pres-
sure drops. The overall incidence of hypertension after
bariatric surgery declines substantially and remains low.
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XCESS BODY WEIGHT LEADS TO

high blood pressure'” and,

over time, to the develop-

ment of cardiovascular dis-

ease.” The importance of
this link is suggested by the observation
that reducing body weight lowers blood
pressure and the risk of cardiovascular dis-
ease.® However, the relationship of body
weight (or body mass index [BMI], cal-
culated as weight in kilograms divided by
the square of height in meters) to blood
pressure has focused primarily on indi-
viduals around the population mean**'°
and has not been carefully evaluated at the
upper extreme of body weight (or BMI).
From published data, the incidence of hy-
pertension in very obese individuals is high
(as much as 65%),' although few blood
pressure data have been reported. Be-

cause such individuals have difficulty in
reducing body weight (to reduce morbid-
ity) through lifestyle changes or pharma-
cotherapy, surgical procedures (bariatric
surgery) have been developed that re-
duce the capacity of the stomach to hold
food, restrict the flow of food into the small
intestine, and, in some procedures, dimin-
ish the absorptive capacity of the small in-
testine.!’ These procedures produce
marked, sustained weight loss. However,
of the few studies available that mea-
sured blood pressure after surgery, the de-
cline in blood pressure was modest in re-
lation to marked reductions in BMIL.
Moreover, in one study, the effect was tran-
sient despite large, sustained reductions
in BMI."? These findings are surprising in
groups undergoing considerable weight re-
duction, given the significance attached to
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excess body weight for its actions on blood pressure.” Be-
cause the bariatric surgical patient presents an opportu-
nity to examine the relationship between BMI and blood
pressure over a range of body weights not typically stud-
ied, and because the blood pressure database in such in-
dividuals is small, we examined this relationship fur-
ther via a chart review of a large number (n=347) of
bariatric surgical patients. Most of these patients had sub-
mitted to a type of bariatric surgery that produces very
large, sustained losses in weight (Roux-en-Y gastric by-
pass [RGB]).

- EEETTEES

A chart review was conducted of all bariatric surgical patients
treated by one of us (A.P.C.) who received an initial surgical
evaluation between January 14, 1992, and November 20, 2001.
The only inclusion criterion was that the patient had under-
gone a bariatric surgical procedure; the only exclusion crite-
rion was the occurrence of more than one bariatric procedure
(ie, a vertical banded gastroplasty [VBG] later converted to an
RGB). The charts were kept by the surgeon and contained
records pertaining to preoperative evaluations, surgical proce-
dure and hospital care, and follow-up monitoring at the sur-
geon’s office. The data collected were weight, height, sex, age,
systolic blood pressure, diastolic blood pressure, hypertension
medications, and the dates of initial evaluation, surgery, and
follow-up visits. Weight and height data were used to calculate
the BMI, which was used as the measure of body mass because
it is most closely associated with body fat content and the
development of comorbid conditions (eg, hypertension and
diabetes)." For reference, degree of obesity was categorized by
BMI as follows: normal (healthy) weight, 18.5 to 24.9; over-
weight, 25.0 to 29.9; obesity (stage 1), 30.0 to 34.9; obesity
(stage 2), 35.0 to 39.9; and extreme obesity, 40.0 or greater."”
All body weight measurements were made in the surgeon’s
office by a nurse, using a 450-kg-capacity scale (DIGI, Rice
Lake, Wis, or Mettler Toledo, Columbus, Ohio); blood pres-
sure measurements were made a single time at each visit, in
the sitting position, using the left arm and a sphygmomanom-
eter and cuff appropriate for the arm circumference. Phase 1
and phase V Korotkoff sounds were used to determine systolic
and diastolic blood pressures. Patients sat quietly in the wait-
ing room for 15 to 20 minutes and then in a treatment room
for 5 to 10 minutes before blood pressure was measured. At
each visit, patients were asked by a nurse to report all medica-
tions currently in use; this information was recorded in the
medical chart and was used to assess antihypertensive medica-
tion history. All data were collected on data sheets that were
identified by number only (assigned by an honest broker). The
study was approved by the institutional review board of the
University of Pittsburgh, Pittsburgh, Pa, as exempt from
informed consent.

SURGICAL PROCEDURES

Patients underwent either a VBG or an RGB." The VBG pro-
cedures were all performed by the open midline incision tech-
nique. A 36F bougie was used to calibrate pouch size, and the
gastric outlet was reinforced with a polypropylene cuff (5-cm
circumference). The RGB was performed either open or lapa-
roscopically, using a standard Greenville gastric bypass tech-
nique.'* The gastric pouch was measured at its oblique length
to 5 cm and either partitioned or divided with staplers. The bili-
ary limb was 50 cm in length, and the Roux limb varied from
150 to 250 c¢m, based on presurgical BMI: BMI less than 50,

150 cm; BMI of 50 to less than 60, 180 cm; BMI of 60 to less
than 70, 220 ¢cm; and BMI of 70 or more, 250 cm.

STATISTICS

Baseline demographic characteristics and clinical measures were
compared between the surgery types with x? for contingency
tables on categorical variables and group t tests on continuous
measures. Statistical significance was defined to be P<.05. Lon-
gitudinal (time) analyses were conducted by means of a mixed-
effect, random coefficient model, which included a random in-
tercept and slope for each subject.''® A quadratic term of week
was added to fit the curvature of the data better. The outcome
variables were BMI and systolic and diastolic blood pressure
over 90 weeks (or 18 months) after surgery. A separate model
was run for each grouping variable examined: surgery type (by-
pass, gastroplasty), blood pressure medication (using, not us-
ing), hypertension in patients not receiving blood pressure medi-
cations (hypertensive, normotensive), antihypertensive “type”
(see next paragraph), and age in women (=50 years, <50 years).
Fixed effects of group, time in months after surgery, and
group X time interaction are reported. The random coefficient
analysis was limited to 90 weeks because after that time, more
than 50% of the patients were lost to follow-up.

Hypertension was defined as having a systolic blood pres-
sure of 140 mm Hg or higher, a diastolic blood pressure of 90
mm Hg or higher, or both (stage 1 classification).'” Because a
variety of antihypertensive medications was used by patients
being treated for hypertension, and group size for individual
drugs was not large enough to analyze each separately, we formed
2 broad groups for statistical analysis, representing (1) medi-
cations that influenced renal solutes—water handling (diuret-
ics) and (2) medications that primarily affected total periph-
eral resistance (adrenergic blockers, calcium channel blockers,
angiotensin-converting enzyme inhibitors, and angiotensin II
receptor antagonists).

For graphical presentation, because the timing of presur-
gical and postsurgical clinic visits varied in relation to the date
of surgery, data were organized into the following time bins:
month 0, initial screening visit for surgery; month 3, clinic visit
beginning week 6 through week 19 after surgery; month 6, clinic
visit beginning week 20 through week 32 after surgery; month
9, clinic visit beginning week 33 through week 45 after sur-
gery; month 12, clinic visit beginning week 46 through week
64 after surgery; and month 18, clinic visit beginning week 65
through week 90 after surgery.

BN RESULTS R

SAMPLE

Three hundred forty-seven patients were included in the
study. Eighty-two percent of the patients underwent RGB
and 18%, VBG (Table 1). The surgical groups did not
differ significantly in age, systolic or diastolic blood pres-
sure, the proportion of women, or the proportion of pa-
tients with hypertension (Table 1). There were signifi-
cant differences in body weight and BMI at initial visit,
reflecting the surgeon’s algorithm at the time to offer VBG
to nondiabetic patients with a BMI less than 50.

EFFECT OF SURGERY TYPE

A significant main effect of sex was not present on sys-
tolic or diastolic blood pressure (Table 2); men and
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Table 1. Characteristics of Study Subjects™

RGB Group VIBG Group X2 or

Variable (n = 285) (n = 62) t Value df P Value
Age, y 40.6 +9.4 39.2+10.9 1.04 34 .30
Sex, % F 775 774 0.01 1 .98
Weight, kg 157.3 £ 37.2 138.2 £ 36.0 3.67 344 <.001
BMI 55.7+11.3 485+93 4.67 344 <.001
Systolic BP, mm Hg 135.5 £ 15.3 131.8 £ 15.4 1.67 329 .10
Diastolic BP, mm Hg 825+7.2 81.9+8.2 0.63 329 .53
Hypertensive group,t No. (%)

Hypertensive 74 (26) 15 (24) 0.08 1 77

Antihypertensive medication user 89 (31) 14 (23) 2.11 1 15

Total 163 (57) 29 (47) 2.24 1 14

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); BP, blood pressure; RGB, Roux-en-Y gastric

bypass; VBG, vertical-banded gastroplasty.
*Data are given as mean = SD unless otherwise specified.

TA patient was considered “hypertensive” if he or she was not taking antihypertensive medications and had a systolic BP of 140 mm Hg or more, or a diastolic
BP of 90 mm Hg or more. An “antihypertensive medication user” was any patient actively taking 1 or more antihypertensive medications at initial evaluation.

Table 2. Statistical Analyses (First 90 Weeks of Data)

Systolic BP Diastolic BP
Variable I F df P \IalueI I F df P ValueI
Surgery, gastric bypass vs gastroplasty
Group 0.28 1,2602 .60 1.04 1,2598 31
Time 7.84 1,343 .005 24.36 1,343 .001
Group X time 3.74 1,2602 .05 1.02 1,2298 31
Sex, Mvs F
Group 0.87 1,2602 .35 0.38 1,2598 .54
Time 5.32 1,343 .02 20.62 1,343 .001
Group X time 0.00 1,2602 .96 0.64 1,2598 42
BP medications, yes vs no
Group 35.76 1,2602 .001 9.58 1,2598 .002
Time 4.44 1,343 .04 21.25 1,343 .001
Group X time BAIB! 1,2602 .08 423 1,2598 .04
Patients taking BP medications, type of medication*
Group 7.02 1,574 .008 4.43 1,572 .04
Time 218 1,75 14 6.62 1,75 .01
Group X time 0.48 1,574 49 0.02 1,572 .89
Patients not taking BP medications,
normotensive vs hypertensive
Group 78.46 1,1773 .001 49.56 1,1771 .001
Time 6.05 1,230 .02 21.41 1,230 .001
Group X time 415 1,1773 .04 3.73 1,1771 .05
Women, age <50y vs =50 yt
Group 6.55 1,1532 .01 0.51 1,1530 48
Time 6.68 1,257 .01 20.96 1,257 .001
Group X time 4.35 1,1532 .04 0.69 1,1530 A1

Abbreviation: BP, blood pressure.

*Patients taking BP medications were analyzed according to their classification in 1 of 2 broad drug classes: (1) drugs that modify heart function or peripheral
resistance (catecholamine agonists and antagonists, calcium channel blockers, angiotensin-converting enzyme inhibitors, and angiotensin-Il receptor antagonists)

and (2) drugs that modify renal handling of water and electrolytes (diuretics).
tDivided by age to evaluate the effect of menopause.

women were thus analyzed together. Significant effects
of surgical procedure and time were noted on BMI, and
a significant interaction term was present (Figure 1 A).
The average BMI in patients who underwent RGB de-
creased from 55.7 to alow of 35.5 at 18 months after sur-
gery, a reduction of about 36%. In patients who under-
went VBG, the BMI declined from 48.5 to a low of 34.3

at 12 months after surgery, a drop of about 29%. Sys-
tolic blood pressure declined modestly in both groups
(5 to 6-mm Hg mean change to nadir value). There was
no significant group (surgical procedure) effect, but the
time effect was significant; the interaction term almost
reached statistical significance (P=.053; Table 2). Dia-
stolic blood pressure declined by 4 to 5 mm Hg (mean
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change to nadir value). The time effect was significant,
but the group effect was not; the interaction term was
not significant (Figure 1; Table 2).

EFFECT OF BLOOD PRESSURE MEDICATIONS

Data were evaluated according to whether patients were
taking antihypertensive medications at the time of ini-
tial visit. Of 347 patients, 103 (30%) took blood pres-
sure medications. With this grouping, BMI showed no
group (medication vs no medication) effect, but a sig-
nificant time effect was present (Figure 2A); the inter-
action term was not significant. For systolic blood pres-
sure, significant group and time effects were present
(Figure 2B), but the interaction term did not reach sta-
tistical significance (Table 2). The initial mean systolic
blood pressure in the medicated group was about 140
mm Hg, higher than the value of 133 mm Hg in the un-
medicated group (Figure 2B). Significant group and time
effects were also present for diastolic blood pressure; the
interaction term was also significant (Figure 2C). The ini-
tial mean diastolic pressure in the medicated group was
about 84 mm Hg, modestly higher than the value in the
unmedicated group (81.7 mm Hg; Figure 2C). In gen-
eral, it appears that systolic and diastolic blood pres-
sures were higher before and after surgery in patients tak-
ing antihypertensive medications than in patients who
were not. An assessment was also made of the number
of patients who discontinued the use of antihyperten-
sive medications during the follow-up period. A patient
was considered to have discontinued drug use if he or
she stopped taking the medication at any point after sur-
gery and did not resume by the last follow-up visit. By
these criteria, of 103 patients initially taking antihyper-
tensive agents, 35 discontinued drug use during fol-
low-up (34%); the blood pressure of this latter group at
their final visit was 137+15 mm Hg systolic and 80«1
mm Hg diastolic.

An analysis was then conducted of patients taking
antihypertensive drugs to assess whether broad antihy-
pertensive class influenced postsurgical changes in
blood pressure. Two medication classes were con-
structed: diuretics (n=24) and drugs that reduce total
peripheral resistance (n=54; see the “Methods” section).
(Of 103 patients taking antihypertensive medications,
25 were excluded from this analysis because they
reported using both drug classes together.) As indicated
in Table 2, the group effect was statistically significant
for both systolic and diastolic blood pressure (pressures
were a few millimeters of mercury lower in the diuretic
group at almost all time points; data not shown); no
time effect was present for systolic blood pressure, but a
significant time effect on diastolic pressure occurred
(diastolic pressure declined over time). The interaction
terms were not significant.

EFFECT OF BLOOD PRESSURE
AT INITIAL VISIT IN PATIENTS NOT TAKING
ANTIHYPERTENSIVE MEDICATIONS

More than two thirds of the patients (n=244) reported
taking no antihypertensive medications at initial visit (or
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Figure 1. Changes in body mass index (BMI) (calculated as weight in
kilograms divided by the square of height in meters) and systolic and
diastolic blood pressure (BP) after bariatric surgery in obese subjects by
surgery type. Data are presented as mean+SD. Numbers of patients at each
time point for each type of surgery are given at the bottom of the figure.
For BMI, main effects of surgical group (F ss50=30.08, P<.001) and time
(F1343=1840.15, P<.001) were noted; the interaction term was also
significant (F;2660=29.84, P<.001).
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Figure 2. Changes in body mass index (BMI) (calculated as weight in kilograms
divided by the square of height in meters) and systolic and diastolic blood
pressure (BP) after bariatric surgery in obese subjects, comparing patients
taking medications to control BP vs subjects taking no BP medications. Data are
presented as mean+SD. Numbers of patients at each time point for each
medication group are given at the bottom of the figure. For BMI, a main effect of
time (F;343=4425.60, P<.001) but not medication group (F 2s,=0.10, P=.75)
was noted; the interaction term was not significant (F; ,5,=2.45, P=.12).

throughout the follow-up period). Of this group, roughly
one third (89/244) at initial evaluation had systolic and/or
diastolic blood pressure readings that placed them in the
stage 1 hypertensive category (systolic blood pressure
=140 mm Hg and/or diastolic blood pressure =90
mm Hg). When these normotensive and unmedicated hy-
pertensive groups were compared, significant group and
time effects were present for BMI; the interaction term
was not significant (Figure 3A). In general, normoten-
sive patients had a higher BMI than hypertensive pa-
tients. The initial mean systolic blood pressure in the hy-
pertensive group was about 145 mm Hg, well above the
value in the normotensive group (125 mm Hg)
(Figure 3B); a significant group effect was present
(Table 2). A statistically significant time effect was also
present; the interaction term was also significant (Table 2).
In the hypertensive group, mean systolic blood pressure
declined about 16 mm Hg in the first 6 to 9 months after
surgery; no change was evident in the normotensive group.
The initial mean diastolic blood pressure in the hyper-
tensive group was about 87 mm Hg compared with about
79 mm Hg in the normotensive group (Figure 3C). Sig-
nificant group and time effects were present (Table 2);
the interaction term almost reached statistical signifi-
cance (P=.054). Mean diastolic pressure in the hyper-
tensive group declined about 9 mm Hg in the first 6 to 9
months after surgery, but only about 2 mm Hg in the nor-
motensive group.

For patients who were hypertensive at evaluation but
not taking antihypertensive medications, an assessment
was also made of the number whose blood pressure de-
creased into the normal range during postsurgical follow-
up. A patient’s blood pressure was considered to have de-
creased into the normal range if, on 2 of the last 3 clinic
visits, systolic blood pressure was less than 140 mm and
diastolic pressure was less than 90 mm Hg. By this defi-
nition, the blood pressures of 65 (73%) of the 89 un-
medicated hypertensive patients had decreased into the
normal range by the end of the follow-up period.

EFFECT OF AGE IN WOMEN

Women were divided into 2 age groups, 50 years or older
(18% of women) and younger than 50 years (82% of wom-
en), to assess whether menopause influenced blood pres-
sure changes after surgery. The average age at meno-
pause in the United States is estimated to be around 50
years.'® For BMI, a significant time effect was present
(F125=2771,P<<.001), but the group effect and interac-
tion term were not significant. For systolic blood pres-
sure, significant group (mean systolic blood pressure of
women =50 years old was consistently 3-5 mm Hg greater
than that of women <50 years old) and time (initial 3—
to 5-mm Hg drop in pressure, which after 6 months was
sustained by women <50 years old but not those =50
years old) effects were present, and the interaction term
was significant (Table 2). For diastolic blood pressure, a
significant time effect was present, but the group effect
and interaction term were not significant (diastolic pres-
sure dropped about 4 mm Hg and showed no rebound)
(Table 2). When the analysis was restricted to women
who were not taking antihypertensive medications (188
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women, of whom 168 were <50 years old), a similar out-
come was obtained: a significant time effect was present
for BMI (F, 154=1422, P<<.001), but the group effect and
interaction term were not significant. For systolic blood
pressure, significant group (F; 1116=5.31, P=.02) and time
(F1183=4.48, P=.04) effects were present, while the in-
teraction term was not significant (F; 1;6=1.78, P=.18);
for diastolic blood pressure, a significant time effect was
present (F; 153=12.40, P<<.001), but the group effect
(F11115=2.35, P=.13) and interaction term (F;,;5=0.0,
P>.99) were not significant.

B COMMENT Ry

These results confirm that BMI declines notably after either
bariatric surgical procedure, reaching a plateau 12 to 18
months after surgery (Figure 1). Associated with this
change in BMI were small reductions in systolic and dia-
stolic blood pressure (Figure 1). These blood pressure
effects became more interesting when particular patient
subgroups were examined. First, patients who were nor-
motensive and taking no blood pressure medications be-
fore surgery showed no reduction in systolic blood pres-
sure after surgery and only a small, gradual decline in
diastolic blood pressure (black circles in Figure 3). Sec-
ond, patients under active treatment for hypertension
showed very modest reductions in systolic and diastolic
blood pressure after surgery (white circles in Figure 2).
Third, patients with stage 1 hypertension before sur-
gery who were not receiving active treatment for hyper-
tension showed notable drops in both systolic and dia-
stolic blood pressure after surgery (white circles in
Figure 3). The reduction in blood pressure after surgery
was therefore most clearly seen in that patient subgroup
in which it might most have been expected. In addition,
the overall impact of bariatric surgery on hypertension
was also evident by the number of hypertensive sub-
jects who were no longer hypertensive after surgery: 192
of 347 subjects had been hypertensive before surgery (103
taking antihypertensive medication and 89 taking no
medication but meeting the criteria for stage 1 hyper-
tension), while only 92 subjects remained hypertensive
after surgery (68 patients taking antihypertensive medi-
cations and 24 taking no medications but having stage 1
hypertension).

Our results are generally consistent with those pub-
lished previously. The incidence of hypertension in our
patient group was around 50%, about half diagnosed and
under treatment (“antihypertensive users” in Table 1) and
half meeting the definition of stage 1 hypertension at ini-
tial evaluation'” but untreated (“hypertensive” in Table 1).
This proportion is similar to that reported in most stud-
ies.!>!2! Our patients who underwent RGB and VBG had
initial BMIs in the 50 to 55 range (group mean values),
which is considered to be very obese.!*> During a period
of 12 to 18 months after surgery, their BMIs decreased
to around 35, a marked decline, although not into the
nonobese range.® Such reductions appear typical.}*1%!
We observed that, of patients identified as hypertensive
before surgery (ie, they used antihypertensive medica-
tions or met the criteria for stage 1 hypertension), about
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Figure 3. Changes in body mass index (BMI) (calculated as weight in kilograms
divided by the square of height in meters) and systolic and diastolic blood
pressure (BP) after bariatric surgery in obese subjects, comparing presence or
absence of hypertension in patients taking no BP medications. Data are
presented as mean+SD. Numbers of patients at each time point for the normo-
tensive and hypertensive groups are given at the bottom of the figure. For BMI,
main effects of group (Fy 1507=4.61, P=.03) and time (F; »30=2247.49, P<.001)
were noted; the interaction term was not significant (F; 15,=0.96, P=.32).
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half were no longer hypertensive (or using drugs) after
surgery, a response rate similar to that reported previ-
ously.’?! However, only a few published studies exist
with which to compare the blood pressure changes we
observed. Carson et al*! reported in their normotensive
subjects (systolic blood pressure values were not re-
ported for hypertensive subjects) that systolic blood pres-
sure decreased about 10 mm Hg and diastolic pressure
about 9 mm Hg 1 year after surgery (BMI decreased from
48.3 to 31.9). Our normotensive patients experienced a
similar reduction in BMI but no decline in systolic blood
pressure (Figure 3B, black circles). A small decline in dia-
stolic blood pressure was noticeable (Figure 3C, black
circles: baseline, 79 mm Hg; 12 months, 77 mm Hg), al-
though the change may not be significant (since the in-
teraction term was significant [P=.04] and the reduc-
tion was marked in the hypertensive group). This
difference may be due to the fact that Carson et al*' re-
quired only that diastolic blood pressure exceed 90 mm Hg
for a definition of hypertension. The current definition
of stage 1 hypertension is a systolic blood pressure of
140 mm Hg or greater or a diastolic blood pressure of
90 mm Hg or higher,'” and this definition was used in
the present study to identify hypertensive subjects. Had
we used the definition of Carson et al, most of our un-
medicated, stage 1 hypertensive patients would have been
included in the “normotensive” group. In this case, the
reductions in systolic and diastolic blood pressures would
no doubt have been greater in our normotensive group,
but we would have missed the sizable blood pressure ef-
fects seen with weight loss in stage 1 hypertensive pa-
tients. Sjostrom et al'? reported that systolic blood pres-
sure decreased about 11 mm Hg and diastolic pressure
about 7 mm Hg 6 months after surgery. However, in their
study, systolic and diastolic blood pressure values were
noted to be adjusted for the use of antihypertensive medi-
cations, but the adjustment procedure was not speci-
fied. Systolic and diastolic blood pressure values were not
reported separately for subjects who were or were not
being treated for hypertension, or for subjects who were
normotensive vs hypertensive (untreated). A meaning-
ful comparison is therefore not possible.

One motivation for undertaking this study was the re-
port by Sjostrom et al'? that the decline in blood pres-
sure that follows bariatric surgery is transient and be-
gins to reverse by 1 year after surgery, despite the fact
that BMI remained reduced. We saw no evidence that
either systolic or diastolic blood pressure began to rise
once nadir values had been reached after surgery (within
3-6 months of surgery; Figures 1, 2, and 3). This was par-
ticularly evident in the unmedicated hypertensive group,
which showed the largest reductions in blood pressure
(Figure 3B and C, open circles): after the initial reduc-
tions in systolic and diastolic blood pressure, no in-
creases emerged out to the end of the measurement pe-
riod. Of course, our patient analysis was limited to 90
weeks (about 22 months) after surgery, and it is pos-
sible that increases may have occurred after this time. In-
deed, the most notable increases reported by Sjostrom
et al occurred between the second and third years after
surgery.'? We did look at individual systolic and dia-
stolic blood pressure curves for all of our subjects for

whom we had data beyond 90 weeks after surgery (data
out to 3 years were available for 59 subjects; not shown),
and we saw no increases in blood pressure. However, such
information is only suggestive and indicates a need for
additional, prospective studies with high follow-up rates
out to at least 5 years after surgery.

Although the present set of data and previous work
suggest that systolic and/or diastolic blood pressure may
decline as obese patients lose weight after bariatric sur-
gery, the changes in blood pressure seem modest (less
than a 10-mm Hg reduction) for the magnitude of weight
lost (30-50 kg). Nonsurgical methods of weight reduc-
tion (diet, exercise, appetite suppressants), typically prac-
ticed in subjects with lower BMI (25-39) than those in
this study, produce modest weight loss (5-10 kg) but simi-
lar reductions in blood pressure (5-10 mm Hg).!0-2223
With the substantial weight reductions after bariatric sur-
gery, one might have anticipated larger drops in blood
pressure than those actually seen, if body mass or fat mass
is a key determinant of blood pressure.* However, a siz-
able portion of our subjects were normotensive before
surgery and showed no or little reduction in blood pres-
sure with a decline in body weight (Figure 3, black circles),
while another portion were receiving active treatment for
hypertension and thus also showed relatively modest re-
ductions in blood pressure after surgery (Figure 2, open
circles). When we examined just the subgroup of pa-
tients who appeared to have untreated hypertension be-
fore surgery, a decline in blood pressure at or above that
seen with nonsurgical methods of weight reduction was
found, ie, a 16-mm Hg decline in systolic blood pres-
sure and a 7-mm Hg decline in diastolic blood pressure
between the time of presurgical evaluation and 3 months
after surgery. These changes were associated with a 10-kg
decrease in body mass. Still, considerable further reduc-
tions in body weight then occurred out to postsurgical
month 18, which were not accompanied by any notable
additional reductions in blood pressure (see Figure 3).
It would thus seem that reductions in body weight are
not consistently predictive of reductions in blood pres-
sure. However, once BMI had reached a plateau after sur-
gery, it remained in the obese range, around 35 (Figure 1).
The incidence of hypertension in individuals with a BMI
of 30 or more, and of similar age to those studied herein,
is as high as 46%** and may be higher.! Thus, from an-
other perspective, it should not be surprising that a siz-
able fraction of our population (about 27%) were still hy-
pertensive after surgery and substantial weight loss, since
they were still obese. One might wonder whether the small
size of this fraction, relative to that reported by others
in epidemiologic studies,"** might portend a gradual re-
emergence of hypertension in these patients, at least in
those who underwent VBG, as predicted by the Sjos-
trom et al findings.'>* Because of the obvious limita-
tions of our study (retrospective, progressive loss of pa-
tients to follow-up), our data cannot answer this question.

In addition to the limitations of the present study just
mentioned, a further possible limitation may be that blood
pressure measurements were made once at each visit. The
Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure'” rec-
ommends that blood pressure measurements be made at
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least twice to verify accuracy. However, as also recom-
mended by this committee, care was taken to ensure that
patients were relaxed before measurements were made
(see the “Methods” section). Also, the likelihood that our
measurements were reasonably accurate, despite only a
single measurement, is suggested by the facts that (1) the
incidence of hypertension reported in this study is simi-
lar to that reported by others for very obese individu-
als'»1%-2!: (2) our detection of a significant number of in-
dividuals at initial evaluation who met the criteria for stage
1 hypertension, but were unaware of their condition, is
not surprising (30% of the US population with hyper-
tension is reportedly unaware their condition)'’; and
(3) the incidence of hypertension in our population
sample at the conclusion of the study was similar to that

in the general population.

In conclusion, our findings are consistent with the no-
tion that systolic and diastolic blood pressures improve
when very obese individuals lose weight after bariatric
surgery. The incidence of hypertension also declines, as
reflected by the reduction in the number of individuals
requiring antihypertensive medications to maintain a nor-
mal blood pressure and by the notable decline in sys-
tolic and diastolic blood pressures in subjects who had
high blood pressure (stage 1 hypertension) but were un-
aware of it. However, the results cannot answer whether
blood pressure and the incidence of hypertension ulti-
mately return to presurgical levels; perhaps a future, pro-

spective study will resolve this issue.

Accepted for Publication: June 7, 2005.

Correspondence: John D. Fernstrom, PhD, UPMC Weight
Management Center, Room 1620, 3811 O’Hara St, Pitts-
burgh, PA 15213 (fernstromjd@upmc.edu).

Acknowledgment: We thank Emily Gohring and
Pamela Holland for assistance in chart review and data

collection.

o EEEEEE

1. Must A, Spadano J, Goakley EH, Field AE, Colditz G, Dietz WH. The disease bur-
den associated with overweight and obesity. JAMA. 1999;282:1523-1529.

2. Doll' S, Paccaud F, Bovet P, Burnier M, Wietlisbach V. Body mass index, abdomi-
nal adiposity and blood pressure: consistency of their association across
developing and developed countries. /nt J Obes Relat Metab Disord. 2002;

26:48-57.

3. Juhaeri, Stevens J, Chambless LE, et al. Associations between weight gain and
incident hypertension in a bi-ethnic cohort: the Atherosclerosis Risk in Commu-

nities Study. /nt J Obes Relat Metab Disord. 2002;26:58-64.

4. Garrison RJ, Kannel WB, Stokes J 111, Castelli WP. Incidence and precursors of
hypertension in young adults: the Framingham Offspring Study. Prev Med. 1987;

16:235-251.

5. Hall JE, Jones DW, Kuo JJ, da Silva A, Tallam LS, Liu J. Impact of the obesity

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

epidemic on hypertension and renal disease. Curr Hypertens Rep. 2003;5:
386-392.

. Wilson PWF, D’Agostino RB, Sullivan L, Parise H, Kannel WB. Overweight and

obesity as determinants of cardiovascular risk: the Framingham experience. Arch
Intern Med. 2002;162:1867-1872.

. Diaz ME. Hypertension and obesity. J Hum Hypertens. 2002;16(suppl 1):518-

S22.

. Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM. Influence of weight re-

duction on blood pressure: a meta-analysis of randomized controlled trials.
Hypertension. 2003;42:878-884.

. Krebs JD, Evans S, Cooney L, et al. Changes in risk factors for cardiovascular

disease with body fat loss in obese women. Diabetes Obes Metab. 2002;4:
379-387.

Stevens VJ, Obarzanek E, Cook NR, et al. Long-term weight loss and changes in
blood pressure: results of the Trials of Hypertension Prevention, Phase Il. Ann
Intern Med. 2001;134:1-11.

Brolin RE. Bariatric surgery and long-term control of morbid obesity. JAMA. 2002;
288:2793-2796.

Sjostrom CD, Peltonen M, Wedel H, Sjéstrdm L. Differentiated long-term effects
of intentional weight loss on diabetes and hypertension. Hypertension. 2000;
36:20-25.

Clinical guidelines on the identification, evaluation, and treatment of overweight
and obesity in adults—the Evidence Report: National Institutes of Health
[published correction appears in Obes Res. 1998;6:464]. Obes Res. 1998;6:
51S-209S.

Pories WJ, Caro JF, Flickinger EG, Meelheim HD, Swanson MS. The control of
diabetes mellitus (NIDDM) in the morbidly obese with the Greenville gastric bypass.
Ann Surg. 1987;206:316-323.

Gibbons RD, Hedeker D, Elkin I, et al. Some conceptual and statistical issues in
analysis of longitudinal psychiatric data: application to the NIMH Treatment of
Depression Collaborative Research Program dataset. Arch Gen Psychiatry. 1993;
50:739-750.

Brown H, Prescott R. Applied Mixed Models in Medicine. Chichester, England:
John Wiley & Sons; 1999.

Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint Na-
tional Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure: the JNC 7 report. JAMA. 2003;289:2560-2572.

Hill K. The demography of menopause. Maturitas. 1996;23:113-127.
Sugerman HJ, Wolfe LG, Sica DA, Clore JN. Diabetes and hypertension in se-
vere obesity and effects of gastric bypass—induced weight loss. Ann Surg. 2003;
237:751-758.

Foley EF, Benotti PN, Borlase BC, Hollingshead J, Blackburn GL. Impact of gas-
tric restrictive surgery on hypertension in the morbidly obese. Am J Surg. 1992;
163:294-297.

Carson JL, Ruddy ME, Duff AE, Holmes NJ, Cody RP, Brolin RE. The effect of
gastric bypass surgery on hypertension in morbidly obese patients. Arch Intern
Med. 1994;154:193-200.

Blumenthal JA, Sherwood A, Gullette ECD, et al. Exercise and weight loss re-
duce blood pressure in men and women with mild hypertension: effects on car-
diovascular, metabolic, and hemodynamic functioning. Arch Intern Med. 2000;
160:1947-1958.

Trials of Hypertension Prevention Collaborative Research Group. The effects of
nonpharmacologic interventions on blood pressure of persons with high nor-
mal levels: results of the Trials of Hypertension Prevention, Phase | [published
correction appears in JAMA. 1992;267:2330]. JAMA. 1992;267:1213-1220.
Brown CD, Higgins M, Donato KA, et al. Body mass index and the prevalence of
hypertension and dyslipidemia. Obes Res. 2000;8:605-619.

Sjostrom CD, Peltonen M, Sjdstrom L. Blood pressure and pulse pressure dur-
ing long-term weight loss in the obese: the Swedish Obese Subjects (SOS) In-
tervention Study. Obes Res. 2001;9:188-195.

Pavlik VN, Hyman DJ. How well are we managing and monitoring high blood
pressure? Curr Opin Nephrol Hypertens. 2003;12:299-304.

(REPRINTED) ARCH SURG/VOL 141, MAR 2006

283

WWW.ARCHSURG.COM

©2006 American Medical Association. All rights reserved.

Downloaded From: http://archsur g.jamanetwor k.com/ on 07/24/2017



