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BACKGROUND:Obesity is associated with elevated blood
pressure (BP). In patients with obesity and hypertension,
weight loss lowers BP, but the long-term effect of weight
loss on BP is less clear.
OBJECTIVE: We aimed to assess the effect of long-term
weight loss intervention on BP in normotensive and hy-
pertensive subjects.
DESIGN: Randomized controlled trial.
PARTICIPANTS: Two hundred seventy-eight subjects
(mean age 47.9 ± 9.3 years, 89%male, 56% hypertensive)
with abdominal obesity or elevated serum triglycerides
and low high-density lipoprotein cholesterol were
recruited.
INTERVENTION: Eighteen-month weight loss
intervention.
MAIN MEASURES: Body weight and BP were measured
at baseline, after 6 and 18 months.
RESULTS: After 6 months of intervention, in the weight
loss phase, body mass index (BMI) decreased by an aver-
age of −2.2±1.5 kg/m2 (p<0.001) and both diastolic BP
(DBP) and systolic BP (SBP) decreased by −2.1±8.8mmHg
and −2.3±12.9 mmHg, respectively (p<0.01 for both). The
change inBMIwas similar in normotensive andhyperten-
sive subjects (−2.0±1.6 and −2.3±1.5, p = 0.246). Howev-
er, DBP and SBP decreased significantly (−5.2±7.1mmHg
and −6.2±12.5 mmHg, respectively, p<0.001 for both) in
hypertensive subjects, and increased in normotensive
subjects (1.8±9.3 mmHg, p = 0.041 and 2.7±11.7 mmHg,
p = 0.017, respectively). After 18 months, in the weight
maintenance phase, BMI slightly increased (0.9±1.3 kg/
m2, p<0.001) but remained significantly lower than at
baseline (p<0.0001). Unlike BMI, DBP and SBP increased
significantly in hypertensive subjects (p<0.001) and
returned almost to baseline levels.
CONCLUSION: Weight-loss intervention reduced BP in
hypertensive patients, but this was not maintained in
the long run.
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Identifier: NCT01530724

KEYWORDS: blood pressure; weight loss; bodymass index; hypertension;

randomized controlled trial.

DOI: 10.1007/s11606-021-06655-2

© Society of General Internal Medicine 2021

INTRODUCTION

Obesity is a worldwide epidemic, with estimated prevalence of
39% for overweight (body mass index (BMI) between 25 and
30) and 13% for obese (BMI>30) among adults (aged ≥18
years).1, 2 Obesity is associated with elevated blood pressure
(BP), which comprises a major risk factor for cardiovascular
disease.3, 4 Hypertension, defined as systolic blood pressure
(SBP) above 130 mmHg or diastolic blood pressure (DBP)
above 80 mmHg5, appears in 60 to 77% of people with
obesity.6 According to the Framingham Heart Study, 65% of
the risk for hypertension in women and 78% in men is related
to increased adiposity.7 Thus, lifestyle interventions to achieve
weight loss, such as diet and exercise, are recommended for
high BP management.5, 8, 9 Weight loss interventions can be
divided into a weight loss phase, which usually lasts 4–6
months, followed by a weight maintenance phase.10 During
the weight maintenance phase, body weight either stays stable,
increases slightly, or is fully regained, despite adherence to the
diet, due to physiological adaptations (reducing metabolic rate
and increasing appetite) and persisting obesogenic environ-
ments that contribute to weight regain.11 The effect of short-
term weight loss on BP is very robust. In a meta-analysis that
summarized 25 randomized controlled studies, which includ-
ed 50% hypertensive subjects from different populations and
with various BMIs, weight loss of ~5 kg was associated with
an average BP reduction of 4.4 mmHg and 3.6 mmHg for SBP
and DBP, respectively.12 Thus, it was suggested that weight
loss greatly contributes to hypertension treatment. On the
other hand, long-term studies on the relationship between
weight loss and BP reduction are inconclusive.13–16 A system-
atic review found that long-term (≥2 years) dietary interven-
tions for weight loss were effective in reducing BP, and that
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long-term weight change (either reduced, maintained, or ele-
vated) accounts for 30% of SBP differences.13 Contrary to this
review, a 26 weeks intervention study found that during
weight maintenance phase, BP increased significantly, despite
stable weight.14 In this analysis of the CENTRAL trial17, 18,
we aimed to evaluate the BP changes during the weight loss
and the weight maintenance phases of the weight loss inter-
vention and to assess whether the effect of weight loss on BP is
the same among normotensive and hypertensive subjects.

METHODS

This is a secondary analysis of the 18 months long CENTRAL
trial (ClinicalTrials.gov Identifier: NCT0153072419, 20),
which was conducted between October 2012 and April 2014
in a research center workplace in Dimona, Israel. Inclusion
criteria were abdominal obesity (waist circumference
(WC)>102 cm (40 inches) for men and >88 cm (35 inches)
for women), or serum triglycerides (TG)>150 mg/dL and
high-density lipoprotein cholesterol (HDL-c)<40 mg/dL for
men and <50 mg/dL for women. Exclusion criteria were
serum creatinine≥2 mg/dL, impaired liver function (≥3 fold
the upper level of ALT and AST enzymes), active cancer,
pregnant or lactating women, being highly physically active
(more than 3 h/week) or inability to initiate physical activity,
or participation in another trial. Participants that met the study
criteria were recruited by the on-site medical clinic via per-
sonal meeting. The study protocol was approved by the
Soroka University Medical Center Ethics Board and Helsinki
Committee. All participants provided written informed con-
sent and did not receive any financial compensation.

Intervention

After completion of the baseline measurements, participants
were instructed to consume low-fat diet (LF, n = 139) or low-
carbohydrate/Mediterranean diet (LC/MED, n = 139) for the
entire period of the study (18 months), based on the assigned
group.21 After six months of weight loss intervention, partic-
ipants in each group were further randomized into “with-” or
“without moderate physical activity” groups. The participants
were aware of the intervention to which they were assigned
(open-label). Study investigators assessing outcomes were
blinded to the group assignments.

Diet Intervention

Both diets aimed for a moderate, long-term, weight loss at an
energy intake of 1500 kcal/day for women and 1800 kcal/day
for men, restricted intake of trans-fats, refined carbohydrates,
and increased vegetables. Lunch, typically the main meal in
this population, was adjusted to the specific diet groups and
was provided by the workplace cafeteria. The 18-month diet
intervention included a 90-min nutritional session in the work-
place with clinical dietitians every week during the first month

of intervention, and once a month thereafter. To maintain
equal intensity of treatment for both diets, the workshop
format and the quality of the materials were similar across
the diet groups, except for instructions and materials specific
to each diet strategy.18 Further details may be found in our
original publication.18

For the LF diet, the aim was to limit total fat intake to 30%
of calories, with up to 10% of saturated fat, and no more than
300 mg of cholesterol per day, and to increase dietary fiber.
Participants were counseled to consume whole grains, vege-
tables, fruits, and legumes and to limit their consumption of
additional fats, sweets, and high-fat snacks.
The MED/LC diet combined the Mediterranean and low-

carbohydrate diets described in our previous weight loss tri-
al.18 The diet restricted carbohydrate intake to less than 40 g/
day in the first two months (induction phase), and thereafter a
gradual increase up to 70 g/day, and increased protein and fat
intake, according to the MED diet. TheMED/LC diet was rich
in vegetables and legumes and low in red meat, with poultry
and fish replacing beef and lamb. This group was also provid-
ed 28 g of walnuts/day (160 kcal/84% fat, mostly PUFA
(omega-3 α-linolenic acid)) starting from the third month.

Clinical Measurements

Clinical parameters were measured at baseline and after 6 and
18 months of weight loss intervention. Body weight was
measured monthly without shoes to the nearest 0.1 kg. Height
was measured to the nearest millimeter using a standard wall-
mounted stadiometer. Waist circumference was measured
half-way between the last rib and the iliac crest to the nearest
millimeter using a standard procedure using a 150-cm anthro-
pometric measuring tape. Fasting blood samples were taken at
8 a.m. and were stored at −80 °C. All biochemical analyses
were performed at Leipzig laboratories, Germany.
Participants were asked to avoid coffee or alcohol consump-

tion 12 h prior to BP measurements. Blood pressure was
measured twice, 1 min apart, in sitting position, in a quiet
room following 5 min of rest, using an automatic BP monitor
(Datascope Accutorr 4 [Datascope]). Cuff size was adjusted to
fit the arm circumference. During the intervention period, cuff
size was re-adjusted due to changes in arm circumference after
weight loss/regain. The second measurement was taken for
our calculations.

Statistical Analysis

The primary outcome in this report was change in BP over 18
months of weight-loss intervention, with a priori hypothesis
that BP changes will parallel to changes in body mass index.
Results are presented as mean ± standard deviation unless
otherwise stated. Independent t test was used to compare
between diet groups at baseline. Paired samples t test was used
to test for significant changes of BMI and BP values at 6 and
18 months compared with baseline for the entire study popu-
lation and stratified for normotensive and hypertensive (DBP
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> 80, SBP > 130 mmHg, or medication use)5 groups. Linear
regression was used to evaluate the relationships between
DBP and SBP to body weight. Linear regression analyses
was also used to test the trend between quartiles of changes
in BMI and changes in DBP and SBP. Sample size calcula-
tions were based on results of a previous 12 months study
among 34 morbidly obese patients following bariatric sur-
gery22, considering an alpha = 5% and power = 80%, with
the conservative assumption of a mean detectable SBP differ-
ence of 19 mmHg between the time intervals. We used nor-
motensive vs. hypertensive for power calculation, as conser-
vative estimation, by using a clinical group expected to be less
responsive to our cohort. Statistical analysis was performed
using IBM SPSS Version 20.0 (SPSS, Inc., Chicago, IL,
USA). All tests were two-tailed and p<0.05 was considered
statistically significant.

RESULTS

Subjects

Two hundred and seventy-eight subjects (male − 247) with a
mean age of 47.9 years (range 28–70 years) and mean BMI of
30.9 kg/m2 (range 24–44 kg/m2) volunteered to participate in
this study. One hundred and fifty-six participants (56.1%) met
the American Heart Association (AHA) criteria for hyperten-
sion, among them, 23 (8.3%) used anti-hypertensive medica-
tion.5 Baseline characteristics of the study population are
given in Table 1. Hypertensive participants were older and
had higher BMI, waist circumference, and glycemic profile as
compared to normotensive (p<0.05 for all). There were no
significant differences in baseline lipid profile between inter-
vention groups (p>0.093).

The Association Between Body Weight and
Blood Pressure

In the entire group, baseline BMI was correlated with both
DBP and SBP (r = 0.211, p<0.001; r = 0.205, p = 0.001,
respectively). After 6 months of weight loss intervention, at
the end of the weight-loss phase, BMI decreased by an average
of −2.2 ± 1.5 kg/m2 (Fig. 1, p<0.001). Similarly, both DBP
and SBP were significantly reduced after 6 months compared
to baseline (−2.1 ± 8.8 mmHg, p<0.001; −2.3 ± 12.9 mmHg, p
= 0.006, respectively). After 18 months of intervention, BMI
slightly increased (0.9 ± 1.3 kg/m2), but remained significantly
lower than at baseline (p<0.001) (Fig. 1). Unlike BMI, both
DBP and SBP increased significantly (p<0.001) during the
weight maintenance phase, and returned nearly to baseline
levels. No significant change in hypertensive medication was
achieved. After 6 months, the change in BMI was associated
with a decrease in both DBP and SBP (r = 0.163, p = 0.010; r
= 0.248, p<0.001 respectively). These associations remained
significant also after 18 months, at the end of the weight
maintenance phase (r = 0.145, p = 0.029; r = 0.163, p =

0.014 respectively). When stratified by gender, similar trends
were achieved in both males and females.

The Effect of Weight Loss on Blood Pressure in
Normotensive and Hypertensive Subjects

The change in body weight, after 6 months and after 18
months, was similar in normotensive and hypertensive sub-
jects (Fig. 2A). However, unlike the change in BMI, the
changes in BP between the two groups showed different
trends. After 6 months of intervention, DBP and SBP de-
creased significantly (−5.2 ± 7.1 mmHg and −6.2 ± 12.5
mmHg, respectively, p<0.001 for both) in the hypertensive
group, whereas DBP and SBP increased significantly (1.8 ±
9.3 mmHg, p = 0.041 and 2.7 ± 11.7 mmHg, p = 0.017
respectively) in the normotensive group (Fig. 2A, B). After
18 months, the normotensive group showed an additional
increase in DBP (2.3 ± 8.2) (p<0.001 vs. baseline and p =
0.006 vs. 6 months), and a slight increase in SBP (2.2 ± 11.6)
(p< 0.001 vs. baseline and p = ns vs. 6 months). In the
hypertensive group, DBP slightly increased (2.0 ± 8.0) but
remained significantly lower than at baseline (p<0.001) while
SBP increased by 4.3 ± 14.7 and was no longer significantly
different from baseline (p = 0.096).
After 6 months, the changes in DBP were not associated

with the changes in BMI in the normotensive group (p of trend
= 0.349) (Fig. 3A), while in the hypertensive group the de-
crease in BMI showed a trend towards reduction in DBP (p of
trend = 0.058) (Fig. 3A). The decrease in BMI in both groups
was associated with the decrease in SBP (p of trend = 0.011 in
the hypertensive group and p of trend = 0.002 in the normo-
tensive group) (Fig. 3B). Among hypertensive subjects, 18
months reduction in BMI was associated with changes in DBP
only (p of trend = 0.005) (Fig. 3C, D).

DISCUSSION

In the present study, we show that weight loss is associated
with short-term decrease in BP among hypertensive, but not
among normotensive subjects. However, this effect is not
maintained in the long run despite sustained weight loss.
It is well established that short-term caloric restriction and

weight loss lead to BP decrease through suppression of the
sympathetic nervous system and the renin-angiotensin sys-
tem19, 20. The effect of weight loss on BP in normotensive
subjects is less well investigated. Several studies included
hypertensive and normotensive subjects, but they did not
analyze the data separately for normotensive and hypertensive
sujects.21 In most studies where normotensive subjects were
included, they were defined according to the traditional defi-
nition (less than 140/90 mmHg). However, according to the
current AHA definition, values above 130/80 are considered
as hypertension, and therefore we used the new cut point for
definition of normotensive subjects (less than 130/80
mmHg).5 Most studies evaluated the effect of surgery-
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induced weight reduction22–27 and included normotensive
subjects. During recent years, it has been shown that weight
loss after bariatric surgery is associated with a remarkable BP
decrease.28–34 In some studies, the reduction in BP post-
surgery was observed in both hypertensive and normotensive
subjects.35, 36 However, the effect of surgery may be mediated
not only via weight reduction, as the decrease in BP is ob-
served shortly post-surgery, even before a significant weight
reduction is achieved, suggesting involvement of neural and
hormonal mechanisms in the BP reduction.37, 38 Unlike stud-
ies that evaluated the effect of bariatric surgery on BP and
included hypertensive and normotensive subjects, most stud-
ies that evaluated the effect of dietary intervention on BP
included only hypertensive subjects.39 In our study, evaluating
the effect of weight loss intervention, we included both nor-
motensive and hypertensive subjects. The weight loss was
modest, thus might explain why we did not observe BP
decrease in normotensive subjects. We also used the more
strict criteria for definition of hypertension, and we believe
that some normotensives in other studies could have been
defined as hypertensives in our study. Flores et al. showed
that bariatric surgery can lower BP in hypertensive and

normotensive subjects, but the BP decrease was mild in nor-
motensive subjects and they used a cut point of less than 140/
90 mmHg to define normotensive subjects.27 Thus, our nor-
motensive subjects had low initial BP, and in these subject’s
weight reduction was not associated with BP reduction and
may even be associated with BP increase. It is noteworthy that
even after bariatric surgery some authors did not observe BP
reduction in normotensive subjects. Bonfils PK. et al. evalu-
ated 24-h ambulatory blood pressure monitoring the effect of
gastric bypass on BP in hypertensive and normotensive sub-
jects.23 Six weeks after surgery, body weight decreased sim-
ilarly in both groups; however, BP decreased only in hyper-
tensive subjects. Dall’Asta, C. et al. evaluated the effect of
weight loss on BP, in hypertensive and normotensive subjects,
one year after gastric bypass.26 They showed a significant
decrease in BP and in plasma renin activity and aldosterone
levels only in the hypertensive patients. These findings may
suggest that when the renin-angiotensin system is not activat-
ed, as in normotensive subjects, weight reduction has no effect
on BP. It is noteworthy that in normotensive subjects weight
loss was associated with even a slight increase in BP. In obese
patients, hypertension is attributed in part to over activity of

Table 1 Clinical characteristics of study participants by hypertension

Normotensive (n = 122) Hypertensive (n = 156) All (n = 278) P

Age (y) 45.6±9.1 49.7±9.1 47.9±9.3 <0.0001
Sex (m/f) 100/22 147/9 247/31 0.001
Weight (kg) 88.1±13.6 94.0±12.7 91.4±13.4 <0.0001
BMI (kg/m2) 30.3±3.8 31.3±3.8 30.9±3.8 0.019
Waist circumference (cm) 104.2±10.0 108.6±8.9 106.7±9.6 <0.0001
Diastolic BP (mm/Hg) 71.0±7.0 87.0±8.0 80.0±11.0 <0.0001
Systolic BP (mm/Hg) 112.0±9.0 134.0±13.0 124.0±16.0 <0.0001
Glucose (mg/dL) 104.1±12.5 109.8±23.0 107.3±19.3 0.008
HbA1c (%) 5.5±0.4 5.6±0.6 5.5±0.5 0.022
Insulin (IU/L) 14.4±7.6 19.0±11.5 17.0±10.2 <0.0001
HOMA-IR 3.7±2.1 5.3±3.7 4.6±3.2 <0.0001
Total cholesterol (mg/dL) 202.7±39.8 201.2±37.7 201.8±38.6 0.755
Triglycerides (mg/dL) 67.9±38.2 76.3±43.1 72.6±41.1 0.093
HDL-c (mg/dL) 44.5±13.5 42.1±9.9 43.1±11.7 0.107
LDL-c (mg/dL) 123.2±30.8 121.6±31.9 122.3±31.4 0.680

Values are mean ± SD. M, male; F, female; BMI, body mass index; BP, blood pressure; HOMA-IR, homeostatic model assessment for insulin
resistance; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; ns, not significant. Independent t test was used for
between groups comparison

Figure 1 Changes in body mass index and diastolic and systolic blood pressure during weight loss (6 months) and weight maintenance phases
(18 months) of dietary intervention. Black line, BMI (body mass index); orange line, DBP (diastolic blood pressure); blue line, SBP (systolic
blood pressure). Paired samples t test was used for between time-points comparison. (a) Significantly different from time 0. (b) Eighteen months

significantly different from 6 months. Statistical significant—p<0.05.
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the sympathetic nervous system. In obese normotensive sub-
jects, the sympathetic nervous system is probably not hyper-
active. In these subjects, maintaining a low caloric diet is a
stressful condition that activates the sympathetic nervous sys-
tem and may exceed the expected suppression from weight
loss. Thus, the overall effect of weight loss in normotensive

subjects is activation of the sympathetic nervous system and
BP increase.
It is clear that in hypertensive patients, weight reduction is

associated with BP decrease. The main question is whether it
can be maintained in the long run. In the present study, we
show that the effect of weight loss on BP is not maintained

Figure 2 Changes in body mass index and blood pressure during the intervention among normotensive and hypertensive participants. Changes
in (A) body mass index and (B) diastolic and (C) systolic blood pressure among normotensive (green line) and hypertensive (red line)

participants, during weight loss (6 months) and weight maintenance (18 months) phases of dietary intervention. Paired samples t test was used
for between time-points comparison. (a) Significantly different from time 0. (b) Eighteen months significantly different from 6 months.

Independent t test was used for between groups comparison. Statistical significant—p<0.05.

Figure 3 The relation between changes in body mass index and blood pressure among hypertensive and normotensive groups. Mean change in
(A, C) diastolic and (B, D) systolic blood pressure after 6 and 18 months of dietary intervention between quartiles of BMI changes, among
normotensive (black bars) and hypertensive (gray bars) groups. Paired samples t test was used for between time-points comparison. Linear

regression analysis was used to assess the trend between BMI change quartiles and changes in blood pressure. *p<0.05.
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over time even when the weight is still lower than baseline.
The effect of diet and refeeding was assessed in animal
models. In obese rats undergoing a supplemented fast, BP fell
almost immediately but then stabilized despite continuing
weight loss.
The depressor effect of fasting was reversed within 2 days

of refeeding.40 These findings suggest that nutritional state,
but not body weight, has important effects on BP. Similar
observations were described in humans. In postmenopausal
women, even partial weight regain following intentional
weight loss was associated with increased cardiometabolic
risk.41 The effects of minimal weight regain after weight loss
have been reported in 2 studies.42, 43 Wang et al.43 demon-
strated decreases in systolic and diastolic BP (8 and 11%,
respectively) with weight loss, but these values returned close
to baseline with 2% weight regain. Linna et al.42 observed
decreases in diastolic BP (9%) with weight loss, while systolic
values remained unaffected. During the weight maintenance
phase, systolic values rose by 3% and diastolic values returned
to baseline with 2% weight regain. Thus, even small amounts
of weight regain (2%) may completely reverse the beneficial
effects of weight loss on BP.42, 43 Since most patients regain
weight in the long run, maintaining long-term BP decrease
may be impossible. In the Swedish Obese Subjects (SOS)
study, the incidence rates of hypertension did not differ be-
tween the surgically treated group and the control group after 2
and 10 years.44 This finding also suggests that the BP decrease
achieved with weight loss usually cannot be maintained in the
long run.
Our study has some limitations. The BP levels were not

monitored by 24-h ambulatory blood pressure recording.
However, the measurements were performed meticulously
using an automatic BP monitor, and most previous studies
did not use 24-h ambulatory blood pressure monitoring either.
We have only 2 points of evaluation—after 6 and after 18
months—nevertheless, we were able to show the difference in
BP levels after 6 and 18 months. Indeed some of the BP
changes weremild but even a mild change in BP has an impact
on cardiovascular morbidity and mortality in the general pop-
ulation. The patients used different diets to lose weight, but our
scope was the association between weight loss and BP and
therefore the diet was less relevant. In addition, due to the sex
distribution of the workplace in which this study was conduct-
ed, the results may be less applied to women (11% of the study
participants). However, in a sensitive analysis, similar trends
were found between men and women.
In conclusion, our study shows that weight-loss interven-

tion may reduce BP in hypertensive participants, but this is not
maintained in the long run.
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