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 Abstract 
  Objective:  To assess the effect of a lifestyle intervention in lowering/normalizing blood pres-
sure (BP) levels in hypertensive (controlled or not) obese patients.  Methods:  In this prospec-
tive observational study, 490 obese hypertensive patients, 389 controlled (BP < 140/90 mm 
Hg; CH) and 101 uncontrolled (BP  ≥  140/90 mm Hg; UH) attended a 3-month lifestyle inter-
vention. Before and after the intervention we assessed weight, waist circumference, fat mass, 
BP, metabolic and renal variables, and physical activity. A multivariate regression model was 
used to determine the predictors of BP changes.  Results:  18.9% of CH and 20.0% of UH were 
on  ≥  3 antihypertensive drugs. Weight change (average –4.9 ± 2.7%) was independent of the 
antihypertensive drugs employed. Systolic BP (SBP) decreased by 23 mm Hg and diastolic BP 
(DBP) by 9 mm Hg, in patients with UH most of whom (89%) normalized BP levels (in 49% af-
ter a weight loss < 5%). Age, gender, whole and central obesity, concomitance of type 2 dia-
betes, chronic renal disease, physical activity intensification, and pharmacological therapy did 
not affect BP lowering. In the regression analysis with SBP change as dependent variable, 
weight reduction (β = 0.523, p = 0.005) and group (UH vs. CH, β = –19.40, p = 0.0005) remained 
associated with SBP reduction. When DBP change was entered as dependent variable, base-
line uric acid remained associated with DBP reduction (β = 0.824, p < 0.05).  Conclusion:  Life-
style interventions are useful for all obese hypertensive patients in most of whom a modest 
weight loss is sufficient to normalize BP levels avoiding the aggressive use of multiple antihy-
pertensive drugs.  © 2016 The Author(s)
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  Introduction 

 Raised BMI is a major risk factor for cardiovascular diseases, which are the leading cause 
of death. Hypertension is very common in obese patients and is linked to major risk factors 
for premature death, such as hyperglycemia and physical inactivity  [1] . Obesity-related 
hypertension is a distinct phenotype in view of its complex pathophysiology that involves 
adipose tissue dysfunction, adipokine alterations, insulin resistance, dysfunctional immunity, 
inappropriate activity of the sympathetic nervous and renin-angiotensin-aldosterone 
systems, and abnormal renal and vascular function  [2] . Management of obesity-related hyper-
tension is a major challenge. The pathophysiological key of this form of hypertension is 
excessive fat accumulation, thus weight reduction is recommended as the first-line therapy 
for the treatment of obesity-related hypertension  [3] . Despite the overwhelming evidence 
that weight reduction lowers blood pressure (BP) in hypertensive and non-hypertensive 
obese patients, weight loss does not lower BP in all persons  [3–5] , and some issues remain 
unclear. For instance, whether or not weight loss is effective in reducing BP in obese patients 
under combined antihypertensive therapy is unknown. Furthermore, although the weight 
loss required to reduce BP is reported to be higher than that required to decrease triglyc-
erides and glucose  [6] , the amount of weight loss needed to normalize BP in obese hyper-
tensive individuals is undefined. The AHA/ACC/TOS Guideline for the management of over-
weight and obesity in adults reported that in obese subjects with elevated cardiovascular risk, 
systolic BP (SBP) and diastolic BP (DBP) decreased by approximately 3 and 2 mm Hg, respec-
tively, after a  ≥ 5% weight loss, with modest and variable reductions in BP at <5% weight loss 
 [6] . Lastly, it is unclear whether or not the concomitance of cardiometabolic risk factors 
affects the BP-lowering efficacy of weight loss  [7, 8] .

  We conducted a prospective observational study in a large cohort of obese patients under 
one or more antihypertensive drugs to assess: i) the effect of a 3-month lifestyle intervention 
in lowering BP, ii) the extent of weight loss needed to normalize BP levels, iii) whether the 
concomitance of cardiometabolic risk factors (type 2 diabetes, dyslipidemia, chronic renal 
disease), BP control, and antihypertensive therapy affect the BP-lowering effects of lifestyle 
intervention.

  Patients and Methods 

 The study sample consisted of 490 Caucasian obese hypertensive patients. Subjects were recruited 
between 2008 and 2014 from those patients referred to the IRCCS, Istituto Auxologico Italiano for a weight 
loss lifestyle intervention. Prerequisite for entering the study was being under one or more antihypertensive 
drugs for at least 6 months with good treatment compliance. Patients with secondary and drug-induced 
hypertension were excluded. Information on smoking habits, use of medication, and family history of obesity, 
diabetes and cardiovascular disease was collected from all subjects. 

  Participants entered a 3-month lifestyle intervention which consisted of weekly individual sessions for 
nutritional education, peer group psychological support and physical activity in the gym with a trainer who 
provided advices on exercise activity. A self-monitor diary, including food consumption, daily physical 
activity and emotional reactions, was used as a tool for education and reinforcement. Daily caloric requirement 
was calculated using the Harris-Benedict equation and an individual activity factor. A diet based on a 
500-kcal/day deficit from the individual estimated caloric requirement was prescribed. The diet which was 
high in vegetables and low in salt and simple sugars consisted of 25% of total energy intake as protein, 20% 
as fat and 55% as carbohydrate. Fresh foods, at least three fish meals per week, and avoiding alcohol were 
recommended. The prescribed physical activity program consisting of 70% moderate-intensity aerobic 
physical activity and 30% muscle-strengthening activities lasted 210 min/week. The patient’s compliance to 
diet and exercise was recorded at each session.
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  Before and after the 3-month lifestyle intervention, anthropometric measures, BP, and heart rate were 
measured, and body composition assessed using bioelectric impedance assay (BIA 101-RJL Systems Akern 
srl, Firenze, Italy). Heart rate was used as a proxy of cardiovascular fitness. Waist circumference was 
measured at the level of the umbilicus. Trained certified individuals measured BP using a standard mercury 
sphygmomanometer and a cuff size optimized for arm circumference. Three BP measurements separated by 
5 min were obtained in a sitting position. SBP and DBP were identified using phase I and V (disappearance) 
Korotkoff sounds. Patients were defined as having uncontrolled hypertension if their mean BP levels  ≥  
140/90 mm Hg, despite pharmacological treatment. A blood sample was taken for the measurement of 
glucose, high-density lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol, triglycerides, uric 
acid, and creatinine. Three morning urine samples were collected for the measurement of the albumin/creat-
inine ratio. Microalbuminuria was defined by mean albumin/creatinine ratio  ≥  2.5 and 3.5 mg/mmol for men 
and women, respectively. 

  In non-diabetic subjects, glucose and insulin were measured after the oral glucose tolerance test. 
Impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) were defined using the American 
Diabetes Association criteria  [9] . Dyslipidemia was defined by the presence of high triglycerides ( ≥ 150
mg/dl) and/or low HDL cholesterol (<40 mg/dl in men and <50 mg/dl in women) or the use of lipid-lowering 
therapy. Glomerular filtration rate (GFR) was estimated using the recalibrated version of the four-variable 
Modification of Diet in Renal Disease study equation  [10] . 

  Before and after lifestyle intervention, physical activity was evaluated with the International Physical 
Activity Questionnaire (IPAQ) – short version that compute the metabolic equivalent (MET = time spent in 
physical activity, expressed in minutes per week)  [11] . Number of days and minutes in the last week spent 
in vigorous activity, moderate activity and walking were assessed. 

  The Ethics Committee of our Institute approved the study, and all subjects gave their informed consent 
after we provided a full explanation of the study. 

  Biochemical Measurements 
 Glucose, lipids, uric acid, and creatinine were measured using an automated analyzer (Roche Diag-

nostics, Mannheim, Germany). Insulin was measured by a chemiluminescent assay (Roche Diagnostics) with 
a sensitivity of 0.2 μU/ml as well as an intra- and inter-assay CV of 3.3 and 4.1%, respectively. Urine albumin 
excretion was determined by an immunoturbidimetric assay (Roche Diagnostics).

  Statistical Analyses 
 Variables that were not normally distributed were log transformed for the analysis. Changes induced by 

lifestyle intervention were calculated using the following ratio: ((value at month 3 – baseline value) / baseline 
value) × 100. Continuous variables were expressed as means ± SD or median (interquartile range) for vari-
ables that were not normally distributed and categorical data as proportions. T-test and chi square test were 
used when appropriate to test differences in clinical characteristics between patients with uncontrolled and 
controlled hypertension at baseline. Univariate regression models were fitted with continuous and cate-
gorical variables to estimate the association between each clinical variable and changes in BP. All variables 
with p < 0.20 were eligible to be included in a multivariate regression model to determine predictors of 
changes in BP. For all included variables, the interaction with the variable group was examined. All analyses 
were performed using SAS version 9.4 software (SAS Institute, Cary, NC, USA). For all statistical analyses, 
significance was set at p  ≤  0.05 except for interaction term in multivariate regression model where signifi-
cance was set at p < 0.20  [12] .

  The sum of MET (min/week) of moderate activity, vigorous activity and walking was used to assess total 
physical activity of subjects.

  Results 

 Characteristics of Obese Hypertensive Patients 
 Clinical characteristics of patients are shown in  table 1 . About 20% subjects in both 

groups were on  ≥ 3 antihypertensive drugs. The antihypertensive drugs taken by patients 
were similar in the 389 hypertensive patients with BP < 140/90 mm Hg (controlled hyper-
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tension) and in the 101 patients with BP  ≥  140/90 mm Hg (uncontrolled hypertension). 
Doses of antihypertensive drugs was kept unchanged throughout the study. 

  Patients with uncontrolled hypertension were more obese, but had similar age, sex, 
tobacco use, family history of obesity, diabetes, and cardiovascular diseases as well as similar 
proportions of microalbuminuria, chronic renal disease (GFR < 60 ml/min), type 2 diabetes, 
prediabetes, and dyslipidemia than those with controlled hypertension. 

  Effects of 3-Month Lifestyle Intervention  
 All subjects completed the 3-month lifestyle intervention. In the whole group of 490 

subjects there was a significant reduction in anthropometric measures (Δ weight–4.9 ± 2.7%, 

 Table 1.  Baseline characteristics of 389 obese patients with controlled hypertension and 101 with uncontrolled 
hypertensiona

Controlled hypertension 
(n = 389)

Uncontrolled hypertension 
(n = 101)

Age, years 58.9 ± 10.1 60.6 ± 10.3
Men, % 26.1 28.0
FH of obesity, % 60.9 68.7
FH of diabetes, % 54.2 44.4
FH of CVD, % 49.2 41.8
BMI, kg/m2 37.1 ± 4.5 39.1 ± 5.3**
Weight, kg 96.7 ± 15.8 101.9 ± 17.9*
Waist circumference, cm 117.1 ± 10.4 120.9 ± 11.6*
Fat mass, % 46.3 ± 6.4 46.5 ± 7.5
Fat free mass, % 53.7 ± 6.8 53.5 ± 7.5
SBP, mm Hg 127.4 ± 9.2 153.3 ± 9.8**
DBP, mm Hg 78.9 ± 5.7 87.5 ± 8.8**
Heart rate, beats/min 74.7 ± 12.8 73.3 ± 12.3
Fasting glucose, mg/dl 104.3 ± 29.7 109.9 ± 41.3
Fasting insulin, μU/ml 11.5 (7.8–18.5) 13.0 (9.5–18.9)
HDL cholesterol, mg/dl 53.3 ± 15.1 54.1 ± 12.1
LDL cholesterol, mg/dl 123.0 ± 33.2 127.9 ± 62.9
Triglycerides, mg/dl 120 (91–149) 117 (83–140)
Uric acid, mg/dl 5.8 ± 1.3 5.9 ± 1.2
AER mg/mmol 0.6 (0.3–0.1) 0.5 (0.3–1.4)
GFR, ml/min 76.2 ± 16.6 77.5 ± 20.0
Physical activity (MET), min/week 495 (240–1,040) 280 (181–815)
≥3 anti-hypertensive drugs, % 18.9 20.0
Angiotensin-converting enzyme inhibitors, % 33.7 32.0
Angiotensin receptor blockers, % 41.9 41.0
Calcium antagonists, % 18.5 16.0
Diuretics, % 44.0 53.0
β-blockers, % 35.2 39.0
α-blockers, % 4.1 7.0
Tobacco use, % 8.9 8.1
Diabetes/ IGT/IFG, % 22.1/14.4/24.2 21.4/14.1/32.2
Dyslipidemia, % 55.8 43.9
Microalbuminuria, % 15.9 17.3
GFR < 60 ml/min, % 14.3 15.2

 AER = albumin excretion rate; CVD = cardiovascular disease; FH = family history
*p < 0.005, **p < 0.0001.
aData are expressed as mean ± SD or percent, except for triglycerides, insulin and albumin excretion rate 

that are expressed as median (interquartile range). 
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Δ waist circumference –3.4 ± 2.9%; p < 0.0001), body fat (–3.5 ± 7.5%; p < 0.0001), BP (Δ SBP 
–6.3 ± 5.2%, Δ DBP –4.3 ± 5.3%; p < 0.0001), heart rate (–8.7 ± 11.2%; p < 0.0001), and meta-
bolic variables (Δ glucose –3.1 ± 11.3%, Δ LDL cholesterol –2.1 ± 11.6%, Δ uric acid –4.6 ± 
16.4%; p < 0.0001) as well as a significant increase in physical activity (Δ MET 389 ± 755%; 
p < 0.0001) and fat-free mass (3.4 ± 6.2%; p < 0.0001). Weight change was independent of the 
antihypertensive drugs assumed. 

  SBP and DBP decreased by 23 mm Hg and 9 mm Hg, respectively in patients with uncon-
trolled hypertension. BP levels normalized in 88.8% of these patients, 85% of whom was 
treated with ≥  3 antihypertensive drugs. BP normalization was obtained in 49% of uncon-
trolled patients after a <5% weight loss.

  Predictors of BP Changes 
 Entering in the univariate analysis all variables listed in  table 1  and their changes after 

the intervention, the SBP change was correlated with the variable group (uncontrolled vs. 
controlled hypertension, β = –10.9, p < 0.0001), baseline HDL cholesterol (β = –0.04, p = 
0.130), HOMA-IR levels (β = 0.50, p < 0.001), weight change (β = 0.49, p < 0.005), and triglyc-
eride change (β = 0.02, p = 0.120). 

  DBP change was correlated with group (β = –6.72, p < 0.0001), heart rate (β = –0.06, p = 
0.120), LDL cholesterol (β = –0.02, p = 0.150), uric acid (β = 0.56, p = 0.120), family history of 

 Table 2.  Multivariate regression analysis for variables associated with SBP (panel A) and DBP change (panel B)

Panel A  Panel B
β p β p

Group* uncontrolled vs. 
controlled hypertension

–19.400 0.0004 Group* uncontrolled vs. 
controlled hypertension

–1.450 0.8350

HDL cholesterol –0.068 0.0634 Family history of CVD 0.501 0.6285
Group* HDL cholesterol 0.102 0.2324 Group* family history of CVD 2.103 0.3590
Weight change 0.523 0.0047 LDL cholesterol –0.015 0.4681
Group* weight change –0.591 0.1108 Group* LDL cholesterol –0.014 0.6612
Triglycerides change 0.020 0.2190 Uric acid 0.824 0.0408
Group* triglycerides change 0.026 0.5306 Group* uric acid 0.708 0.4404

 CVD = Cardiovascular disease. 

  Fig. 1.  Relationship between the 
intervention-induced SBP de-
crease and weight loss in patients 
with uncontrolled (dashed line) 
and controlled (solid line) hyper-
tension. 
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cardiovascular diseases (β = 1.28, p = 0.160), and changes in heart rate (β= 0.06, p = 0.140) 
and albumin excretion rate (β = 0.005, p = 0.080).   

  In the multivariate regression analysis ( table 2 , panel A), weight reduction, group (uncon-
trolled vs. controlled hypertension), and interaction term remained associated with SBP 
reduction. In other words, the relationship between the intervention-induced SBP decrement 
and weight loss tended to be greater in patients with uncontrolled than in those with controlled 
hypertension ( fig. 1 ). 

  Baseline uric acid remained associated with DBP reduction ( table 2 . panel B). This indi-
cates that intervention-induced decrement of SBP was higher in uncontrolled than in 
controlled hypertensive patients, and DBP reduction was lower in subjects with higher uric 
acid levels.  

  Discussion 

 Results from this study indicate that BP levels normalize with lifestyle changes and a 
modest weight loss within a short time in most obese subjects independently of age, sex, 
degree of total and central obesity, and type and number of antihypertensive drugs consumed.

  In particular, lifestyle intervention decreases SBP by 23 mm Hg and DBP by 9 mm Hg in 
subjects with uncontrolled hypertension with most of whom were on  ≥ 3 antihypertensive 
drugs. The magnitude of this BP reduction is comparable to that obtained after adding another 
antihypertensive drug to the treatment regimen, but with the additional benefit of improving 
other cardiovascular risk factors such as glucose, LDL and HDL cholesterol, and uric acid 
levels. 

  The AHA/ACC/TOS Guideline for the management of overweight and obesity in adults 
highlighted that weight loss of as little as 3–5%, despite reducing triglycerides and glucose 
levels, is insufficient to decrease BP levels  [6] . Our data demonstrate that even a weight loss 
<5% obtained with diet and physical activity may normalize BP levels. Few studies investi-
gated the effect of weight loss in uncontrolled hypertension  [13] , and most excluded patients 
with BP values >140/90  [13]  or > 160/100 mm Hg  [7] . 

  Studies in obese hypertensive patients reported that the BP-lowering effect of lifestyle 
intervention is independent of baseline obesity  [14, 15] . In the present study, we observed 
that also central obesity and fat mass do not affect the benefits of weight loss. 

  Several studies in obese hypertensive subjects found a strong correlation between 
changes in BP and weight induced by different weight-reducing diets  [7, 15, 16] . We here 
observed that weight changes are associated with SBP changes, but this relation is ascribable 
only to patients with controlled hypertension. This finding confirms the relevant role of fat 
mass reduction in lowering BP through the improvement of adipocyte and sympathetic 
dysfunction, and reduction of local activity of the adipose renin-angiotensin-aldosterone 
system  [2] . However, our results also suggest that in patients with uncontrolled hypertension 
under pharmacological therapy the reduction in body fatness is not the major determinant of 
BP reduction. It can be assumed that dietary changes such as the reduction in salt and fructose 
intake and the increase in vegetable protein are largely responsible for the BP decrease in 
these subjects  [17] . 

  The present study does not allow identifying whether diet or physical activity had a 
greater weight in lowering BP. However, the lack of association between changes in BP and 
physical activity suggests that in our cohort of obese hypertensive subjects physical activity 
played a minor role. Accordingly, it has been reported that body fat reduction obtained with 
aerobic exercises without dietary intervention is often ineffective in lowering BP  [18, 19]  and 
that adding regular physical to antihypertensive drugs has no additive effects on BP  [20] . 
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  Furthermore, in our cohort the concomitance of cardiometabolic alterations (type 2 
diabetes, dyslipidemia, and chronic renal disease) did not affect the weight loss-induced BP 
decrease.

  We observed that DBP levels decreased to a lower extent in subjects with higher levels 
of uric acid. This finding supports the concept that hyperuricemia and obesity have an additive 
role on the risk of hypertension and might induce hypertension by specific mechanisms such 
as the increase in Na +  reabsorption  [21, 22] . 

  The major limitation of this study is the lack of a control group. However, our study was 
not aimed at comparing the lowering BP of lifestyle intervention with that of the usual thera-
peutic care, but rather to establish if lifestyle intervention reduces BP independently of 
clinical conditions and of what weight loss is needed to obtain BP normalization. Moreover, 
the study does not permit to determine whether the duration of hypertension influences the 
response to lifestyle interventions.

  In conclusion, this study provides the evidence that lifestyle interventions are useful for 
all obese hypertensive patients, and in most subjects a modest weight loss is sufficient to 
normalize BP levels, avoiding the aggressive use of multiple antihypertensive drugs. 
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