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Abstract

Background and Objectives Obesity exacerbates hyper-

tension and stimulates the renin–angiotensin–aldosterone

system (RAAS). Full-dose RAAS inhibition could be a

therapeutic option in overweight or obese patients with

hypertension. This study compared four RAAS inhibitors

at full therapeutic doses to determine their effect on blood

pressure (BP) and cardiovascular risk factors in these

patients.

Methods We conducted a 24-week, single-blind, random-

ized, parallel-group study in 120 overweight or obese patients

(body mass index C27 kg/m2) with hypertension, aged

18–60 years. The primary endpoint was the change in mean

24-h systolic BP and diastolic BP from baseline to study end.

Central BP, arterial stiffness, and metabolic and cardiac

indices were also investigated. Patients were randomly

allocated to perindopril 10 mg/day, enalapril 20 mg/day,

losartan 100 mg/day or telmisartan 80 mg/day. Nonphar-

macological interventions were also recommended.

Results Reductions in mean 24-h systolic BP (and dia-

stolic BP) were all significant (p \ 0.05 versus baseline)

for perindopril, enalapril, losartan and telmisartan: systolic

BP -22, -11, -12 and -15 mmHg, respectively; (and

diastolic BP -13, -6, -13 and -12 mmHg, respectively).

Aortic elasticity improved with perindopril and telmisartan.

Perindopril was associated with the greatest reductions in

central aortic BP and leptin levels [30 % versus 2 %, 7 %

and 14 % with enalapril, losartan and telmisartan, respec-

tively (all p \ 0.05 versus perindopril)]. Reductions in

other BP, echocardiographic, metabolic and anthropomet-

ric parameters occurred with all treatments.

Conclusion Full-dose RAAS inhibition, particularly with

perindopril, effectively reduces BP, improves arterial

structure and regulates cardiovascular risk factors in

overweight or obese patients with hypertension.

1 Introduction

Effective reduction of elevated blood pressure (BP), car-

diovascular prevention and mortality reduction are the

main goals of antihypertensive therapy [1, 2]. Obesity not

only appears to have a substantial pathophysiological effect

on the haemodynamic changes seen in hypertension but

also impairs the response to treatment [3–5]. Optimizing

the management of hypertension in overweight and obese

patients is becoming increasingly important: up to 30 % of

current cases of hypertension are due to obesity, and

hypertension becomes more prevalent as weight increases

[6–9]. The presence of hypertension in obesity is linked to

many pathological disorders, and most patients with

hypertension and obesity are insulin resistant and show

signs of early target-organ damage [10, 11]. Despite all of

this, there are currently no international recommendations

for treatment of hypertension in obese patients, principally

because of a lack of randomized clinical trials in the field

[2, 12].

Renin–angiotensin–aldosterone system (RAAS) inhibi-

tors are considered the class of choice for the treatment of

hypertension in obese patients because of their wide range

of cardiovascular benefits [13]. Clinical evidence suggests

that full-dose angiotensin-converting enzyme (ACE)

inhibitor and angiotensin-receptor blocker (ARB) therapy

may be useful for both correction of hypertension and
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prevention of cardiovascular events in hypertensive

patients at high cardiovascular risk [14–16], including

those with obesity [17–19]. The phase IV study described

here compared four RAAS inhibitors—two ACE inhibitors

(perindopril and enalapril) and two ARBs (losartan and

telmisartan)—at full therapeutic doses to determine their

impact on blood pressure, arterial stiffness and other car-

diovascular risk factors in overweight or obese patients

with hypertension.

2 Methods

This single-blind, randomized, parallel-group study included

overweight or obese patients [body mass index (BMI)

C27 kg/m2] with hypertension, aged 18–60 years. Eligible

patients were untreated or were hypertensive after a 2-week

washout period, with clinic brachial systolic blood pressure

(SBP) C140 to\160 mmHg in a sitting position and/or dia-

stolic blood pressure (DBP) C90 to\100 mmHg (measured

by the Korotkov method, i.e. three measurements at intervals

of 1–2 min; BP was the mean of the last two measurements).

A special cuff was used for measuring BP in obese patients.

Patients were excluded if they were aged \18 years or had

known hypersensitivity, intolerance or contraindications to

ACE inhibitors or ARBs; unstable angina; heart failure; renal

or hepatic insufficiency; grade 2 or 3 arterial hypertension

(C160/100 mmHg); a history of stroke; diagnosed or sus-

pected secondary hypertension; or a serious illness affecting

their prognosis. Stable coronary artery disease was managed

solely with beta-blocker therapy.

The primary endpoint of the study was the change in

mean 24-h SBP and DBP from baseline to study end.

Secondary endpoints were the change in central aortic BP

and arterial elasticity. Other parameters investigated

included echocardiographic and metabolic indices.

Using an envelope method, patients were randomly

allocated to four groups: perindopril 10 mg/day (Servier,

Suresnes, France); enalapril 20 mg/day (Merck Sharp &

Dohme, Whitehouse Station, NJ, USA); losartan 100 mg/

day (Merck Sharp & Dohme); or telmisartan 80 mg/day

(Boehringer Ingelheim, Ingelheim, Germany). Patients

were blinded to their treatment allocation and took the

treatment for 24 weeks in addition to implementing rec-

ommended nonpharmacological interventions. These

interventions included lifestyle modification and weight

loss (diet, physical activity) and were initiated 3 months

before treatment allocation. Weight loss drugs were not

allowed. All of the patients in the study gave informed

consent before inclusion, and the protocol was approved by

the regional ethical committee of the Volgograd State

Medical University. The study design is shown in Fig. 1.

Clinical and demographic characteristics of the groups

were assessed at baseline, while parameters of BP, echo-

cardiography, vascular structure, blood biochemistry and

anthropometry were assessed at baseline and 24 weeks.

Treatment tolerability was assessed at each follow-up visit.

Ambulatory blood pressure monitoring (ABPM) [using a

Spacelabs 90207 machine; Spacelabs Medical Inc., Iss-

aquah, WA, USA] was used to determine mean 24-h

daytime and night-time SBP and DBP, with measurements

every 15 min during the day (0700–2300 hours) and every

30 min during the night (2300–0700 hours). A minimum of

60 BP measurements were required for ABPM data to be

considered valid for analysis.

An Aloka Prosound L7 Premier device (Hitachi Aloka

Medical Ltd., Tokyo, Japan) was used to determine echo-

cardiographic parameters (ejection fraction, stroke index,

end-systolic and end-diastolic diameters, and intima/media

thickness). Pulse wave velocity (PWV), a parameter of vas-

cular stiffness, was studied using a computerized Complior

device (Colson, Garges-les-Gonesses, France), as described

elsewhere [20]. The augmentation index and central aortic

BP were determined using a SphygmoCor device (AtCor

Medical Pty Ltd., West Ryde, NSW, Australia).

Fasting blood samples were collected for biochemistry

[lipids, glucose, glycosylated haemoglobin, C-peptide,

leptin, immunoreactive insulin (IRI), uric acid and creati-

nine levels]. Serum leptin was determined using the stan-

dard DSL enzyme immunoassay set (Diagnostics System

Laboratories Inc., Webster, TX, USA), and C-peptide levels

were measured using a C-peptide immunoluminometric

assay. Impaired glucose tolerance (IGT) and diabetes mel-

litus were determined by fasting and 2-h measurements of

plasma glucose levels following oral administration of 75 g

glucose. IGT was established by a fasting glucose level
Fig. 1 Trial design: comparison of perindopril, enalapril, losartan

and telmisartan in overweight patients with hypertension. W week

554 S. V. Nedogoda et al.



\7.0 mmol/L and a 2-h glucose level C7.8 mmol/L, while

diabetes mellitus was established by a fasting glucose level

C7.0 mmol/L and a 2-h glucose level C11.1 mmol/L.

Percentage body fat was determined using an Omron BF306

device (OMRON Healthcare Inc., Lake Forest, IL, USA).

Data are presented as means ± standard deviations or

numbers and percentages. A paired student’s t test was used

to detect significant changes with treatment; p \ 0.05 was

considered statistically significant. Continuous quantitative

baseline and demographic features were tested using a

simple t test on independent samples. A nonstandard dis-

tribution of values was analyzed using a Mann–Whitney

test, while qualitative traits were assessed using a Fisher’s

exact test or v2 test, depending on the number of observa-

tions in each cell of the contingency table. Comparison of

the intergroup effectiveness of various treatments was per-

formed using Dunnett’s test, which assessed changes in the

rate of improvement, compared with baseline, and stan-

dardized them (a = 5 %). Differences between measure-

ments obtained after active treatment and the corresponding

baseline values were expressed as means ± standard devi-

ations and were compared through analysis of variance

(ANOVA), with allowance for the treatment order and

subject. If the p value associated with the main factor

(treatment) fell below 0.05, single contrasts between the

four treatments were tested with the Newman–Keuls test.

p values \0.05 were considered statistically significant.

Statistical processing was performed using BMDP statistics

software (Statistical Solutions, Saugus, MA, USA).

3 Results

The baseline characteristics of the 120 patients (61 men, 59

women) are shown in Table 1. The mean age of the pop-

ulation was 48 years, the mean BMI was 30.6 kg/m2,

and the mean duration of hypertension was 6.2 years.

Most patients had left ventricular hypertrophy (93 %) and

hypercholesterolaemia (83 %); over half had microalbu-

minuria (57 %) and a history of coronary artery disease

(57 %); and half were smokers (47 %). There were 30

patients in each treatment group, and there were no sta-

tistically significant between-group differences at baseline.

There were no dropouts during the study, and no safety

issues were recorded. No changes in beta-blocker dosage in

patients with stable coronary artery disease were reported.

3.1 Changes in 24-h Blood Pressure

The absolute reductions in mean 24-h SBP at 24 weeks

versus baseline for perindopril, enalapril, losartan and

telmisartan (all p \ 0.05) were -22, -11, -12 and

-15 mmHg, respectively, which represents reductions of

14, 7, 8, and 10 % (Table 2; Fig. 2). Absolute reductions in

mean 24-h DBP at 24 weeks versus baseline for perin-

dopril, enalapril, losartan and telmisartan (all p \ 0.05)

were -13, -6, -13 and -12 mmHg, respectively, which

represents reductions of 13, 6, 13 and 12 % (Table 2). The

reductions in 24-h SBP and DBP were most pronounced

with perindopril [p \ 0.05 versus other treatments]

(Fig. 2), as were the reductions in clinic brachial SBP and

DBP (p \ 0.05 versus baseline). All treatments signifi-

cantly reduced daytime and night-time BP versus baseline,

but the magnitude of the reduction was greater with per-

indopril (p \ 0.05) than with the other agents (Table 2).

After 24 weeks, all of the RAAS inhibitors had improved

BP dipping profiles. Perindopril, losartan and telmisartan

restored the normal dipping profile in 85 % of patients,

while enalapril restored the normal dipping profile in 65 %

of patients. Perindopril and telmisartan had positive effects

on 24-h BP profile normalization, with significant reduc-

tions in early morning surges (EMS) in SBP (p \ 0.05

versus baseline); there was no significant reduction in EMS

with enalapril or losartan.

Table 1 Clinical and demographic characteristics of the study subjects

Characteristic Perindopril 10 mg/day

(n = 30)

Enalapril 20 mg/day

(n = 30)

Losartan 100 mg/day

(n = 30)

Telmisartan 80 mg/day

(n = 30)

Age (years; mean ± SD) 49.7 ± 8.2 47.8 ± 8.1 46.7 ± 8.2 47.4 ± 9.2

BMI (kg/m2; mean ± SD) 31.1 ± 2.9 30.9 ± 2.2 29.4 ± 3.6 31.1 ? 3.1

Sex: male (n [%]) 16 [53] 15 [50] 15 [50] 15 [50]

Smokers (n [%]) 16 [53] 14 [47] 12 [40] 13 [43]

Duration of hypertension (years;

mean ± SD)

6.9 ± 3.2 6.2 ± 3.1 5.9 ± 3.1 5.6 ± 3.2

History of CAD (n [%]) 17 [57] 19 [63] 16 [53] 17 [57]

Hypercholesterolaemia (n [%]) 26 [87] 23 [77] 26 [87] 24 [80]

Microalbuminuria (n [%]) 18 [60] 16 [53] 15 [50] 17 [57]

Left ventricular hypertrophy (n [%]) 29 [97] 28 [93] 29 [97] 27 [90]

BMI body mass index, CAD coronary artery disease
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3.2 Changes in Vascular Structure and Central Blood

Pressure

Vascular structure parameters improved significantly with

perindopril and telmisartan by 24 weeks (Table 3). Car-

otid–femoral PWV fell by 29 and 24 % with perindopril

and telmisartan, respectively (p \ 0.05 versus baseline),

and carotid–radial PWV fell significantly by 26 %

(p \ 0.05) with perindopril. Perindopril had the most

pronounced effect on the thickness of the intima/media

complex. The perindopril-associated reduction in the aug-

mentation index was 18 % (p \ 0.05 versus baseline)

versus nonsignificant reductions of 2 % with enalapril, 5 %

with losartan and 13 % with telmisartan. The correspond-

ing reductions in central aortic pressure were 8 %

(p \ 0.05 versus baseline), and\1, 1 and 4 %, respectively

[all nonsignificant (p = NS)].

3.3 Cardiac Remodelling and Diastolic Dysfunction

After 24 weeks, all four drugs reduced posterior left ven-

tricular wall thickness (by 5, \1, \1 and \1 % for perin-

dopril, enalapril, losartan and telmisartan, respectively) and

left ventricular mass index (by 14, 3, 6, and 10 %,

respectively) (Table 4). These reductions were significant

only with perindopril (p \ 0.05 versus baseline). Treat-

ment with perindopril also led to a significant improvement

in the early/atrial (late) ventricular filling velocity (E/A)

ratio, a marker of diastolic dysfunction. There were no

significant changes in other echocardiographic parameters

with any of the treatments.

Table 2 Ambulatory monitoring of systolic and diastolic blood pressure, heart rate and brachial blood pressurea

Parameter Perindopril 10 mg/day

(n = 30)

Enalapril 20 mg/day

(n = 30)

Losartan 100 mg/day

(n = 30)

Telmisartan 80 mg/day

(n = 30)

Baseline 24 weeks Baseline 24 weeks Baseline 24 weeks Baseline 24 weeks

24-h ambulatory monitoring

SBP (mmHg) 156 ± 12 134 ± 10� 153 ± 11 142 ± 8*� 152 ± 12 140 ± 9*� 153 ± 13 138 ± 8*�

DBP (mmHg) 99 ± 9 86 ± 7� 97 ± 8 91 ± 8*� 97 ± 9 84 ± 6*� 97 ± 9 85 ± 7�

Heart rate (bpm) 76 ± 7 70 ± 7� 78 ± 7 77 ± 7 73 ± 6 70 ± 6 74 ± 7 71 ± 7

Daytime monitoring

SBP (mmHg) 165 ± 14 135 ± 12� 159 ± 12 142 ± 11*� 156 ± 12 141 ± 12*� 157 ± 14 143 ± 14*�

DBP (mmHg) 101 ± 8 90 ± 8� 99 ± 9 93 ± 9*� 98 ± 8 86 ± 8� 99 ± 9 90 ± 9�

Heart rate (bpm) 79 ± 7 72 ± 7� 78 ± 7 78 ± 7 73 ± 6 73 ± 6 76 ± 6 74 ± 6

Night-time monitoring

SBP (mmHg) 143 ± 10 132 ± 8� 141 ± 10 134 ± 9� 139 ± 9 133 ± 9� 140 ± 9 133 ± 9�

DBP (mmHg) 92 ± 7 81 ± 6� 91 ± 7 88 ± 7*� 87 ± 6 82 ± 7� 88 ± 7 84 ± 6*�

Heart rate (bpm) 71 ± 6 66 ± 6 69 ± 6 68 ± 6 69 ± 6 68 ± 6 73 ± 6 69 ± 6

Early morning surge

SBP (mmHg/h) 19 ± 3 15 ± 2� 17 ± 2 15 ± 2 18 ± 3 16 ± 3 18 ± 3 15 ± 3�

DBP (mmHg/h) 15 ± 2 12 ± 2� 13 ± 2 13 ± 2 13 ± 2 12 ± 2 14 ± 3 13 ± 3

Brachial blood pressure

SBP (mmHg) 159 ± 3 134 ± 3� 157 ± 3 136 ± 3� 157 ± 4 144 ± 3� 158 ± 3 141 ± 3�

DBP (mmHg) 99 ± 2 84 ± 2� 98 ± 3 87 ± 2� 98 ± 3 86 ± 2� 98 ± 3 86 ± 3�

Heart rate (bpm) 78 ± 4 73 ± 4� 79 ± 5 78 ± 5 76 ± 5 73 ± 5 78 ± 5 74 ± 4

a All data are expressed as means ± SDs

bpm beats/minute, DBP diastolic blood pressure, SBP systolic blood pressure, SD standard deviation

* p \ 0.05 versus rate of improvement (from baseline to 24 weeks) with perindopril, � p \ 0.05 versus baseline

Fig. 2 Reductions in mean 24-h systolic blood pressure with

different full-dosage renin–angiotensin–aldosterone system inhibitors

(perindopril 10 mg/day, enalapril 20 mg/day, losartan 100 mg/day,

telmisartan 80 mg/day) after 24 weeks of treatment. *p \ 0.05 versus

baseline; �p \ 0.05 versus perindopril
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3.4 Metabolic and Anthropometric Parameters

There were significant between-group differences with

regard to leptin, C-peptide, and lipid and carbohydrate

metabolism at 24 weeks (Table 5). Leptin was reduced by

30 % with perindopril (p \ 0.05 versus baseline) versus 2,

7 and 14 % with enalapril, losartan, and telmisartan,

respectively (all p \ 0.05 versus perindopril). C-peptide

was significantly lower at 24 weeks in the perindopril and

telmisartan groups. Treatment with perindopril and telmi-

sartan led to improvement of the lipid profile, while the

effect of enalapril and losartan was neutral. After

24 weeks, all therapies had a modest favourable effect on

glucose metabolism.

Table 3 Changes in vascular structure parametersa

Parameter Perindopril 10 mg/day

(n = 30)

Enalapril 20 mg/day

(n = 30)

Losartan 100 mg/day

(n = 30)

Telmisartan 80 mg/day

(n = 30)

Baseline 24 weeks Baseline 24 weeks Baseline 24 weeks Baseline 24 weeks

Carotid–femoral pulse

wave velocity (m/s)

12.8 ± 1.7 9.1 ± 1.6� 12.1 ± 1.5 11.7 ± 1.5 12.1 ± 1.9 11.6 ± 1.6 12.2 ± 1.7 9.3 ± 1.4�

Carotid–radial pulse

wave velocity (m/s)

12.4 ± 1.6 9.2 ± 1.5� 11.9 ± 1.5 11.2 ± 1.4* 12.1 ± 2.2 10.2 ± 1.3* 11.9 ± 1.6 9.5 ± 1.4

Augmentation index

(%)

45 ± 5 37 ± 5� 41 ± 5 40 ± 5* 40 ± 4 38 ± 4* 43 ± 5 39 ± 5*

Central aortic pressure

(mmHg)

142 ± 6 131 ± 5� 136 ± 5 136 ± 5* 136 ± 5 134 ± 5* 139 ± 5 133 ± 5*

Right carotid intima/

media complex

thickness (mm)

1.03 ± 0.03 0.95 ± 0.02� 1.02 ± 0.03 1.02 ± 0.03 1.02 ± 0.03 0.97 ± 0.02 1.03 ± 0.03 0.96 ± 0.02�

Left carotid intima/

media complex

thickness (mm)

1.04 ± 0.03 0.97 ± 0.02� 1.03 ± 0.03 1.02 ± 0.02 1.04 ± 0.03 0.98 ± 0.02 1.05 ± 0.03 0.99 ± 0.02

a All data are expressed as means ± SDs

SD standard deviation

* p \ 0.05 versus rate of improvement (from baseline to 24 weeks) with perindopril, � p \ 0.05 versus baseline

Table 4 Echocardiographic parametersa

Parameter Perindopril 10 mg/day
(n = 30)

Enalapril 20 mg/day (n = 30) Losartan 100 mg/day (n = 30) Telmisartan 80 mg/day
(n = 30)

Baseline 24 weeks Baseline 24 weeks Baseline 24 weeks Baseline 24 weeks

Ejection
fraction (%)

61.2 ± 2.9 68.5 ± 3.8� 63.4 ± 3.1 66.7 ± 4.1 64.4 ± 5.3 68.1 ± 5.9 65.8 ± 5.4 69.8 ± 6.2

LV mass
index (g/m2)

139.1 ± 15.8 119.2 ± 11.3� 131.4 ± 13.1 127.7 ± 12.6* 132.3 ± 12.9 124.9 ± 12.8* 126.2 ± 13.4 114.2 ± 12.9*

E/A 0.84 ± 0.04 0.95 ± 0.04� 0.88 ± 0.04 0.93 ± 0.05 0.88 ± 0.04 0.92 ± 0.05 0.87 ± 0.04 0.94 ± 0.04

End-diastolic
diameter (mm)

46.3 ± 2.1 45.1 ± 2.1 47.7 ± 2.2 46.9 ± 2.3 47.8 ± 2.3 46.4 ± 2.2 46.9 ± 2.2 45.2 ± 2.1

End-systolic
diameter (mm)

31.7 ± 1.9 31.1 ± 1.8 30.9 ± 1.7 30.1 ± 1.6 30.2 ± 1.7 31.9 ± 1.8 31.9 ± 1.8 31.2 ± 1.8

Intraventricular
septum thickness
(mm)

10.8 ± 0.3 10.5 ± 0.3 10.7 ± 0.3 10.5 ± 0.3 10.7 ± 0.3 10.6 ± 0.3 10.8 ± 0.3 10.5 ± 0.2

Posterior LV wall
thickness (mm)

10.5 ± 0.4 10.0 ± 0.4� 10.1 ± 0.4 10.0 ± 0.4* 10.1 ± 0.4 10.0 ± 0.4* 10.1 ± 0.4 10.0 ± 0.4*

Systolic time (ms) 86 ± 4 89 ± 4 88 ± 4 89 ± 4 87 ± 4 89 ± 4 86 ± 4 89 ± 4

Diastolic time (ms) 202 ± 14 209 ± 14 204 ± 13 210 ± 14 201 ± 13 206 ± 14 202 ± 13 208 ± 13

a All data are expressed as means ± SDs

E/A early (E) versus late ([atrial] A) ventricular filling velocity ratio, LV left ventricular, SD standard deviation

* p \ 0.05 versus rate of improvement (from baseline to 24 weeks) with perindopril, � p \ 0.05 versus baseline
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Over the course of the study, there were no increases in

BMI or the waist/hip circumference ratio with any of the

treatments (Table 5). There were trends toward a reduction

in BMI with enalapril, losartan and telmisartan and a sig-

nificant reduction in BMI with perindopril (p \ 0.05 versus

baseline). The percentage body fat was also reduced

significantly with perindopril (p \ 0.05). The waist/hip

circumference ratio was reduced significantly with perin-

dopril and telmisartan (p \ 0.05 versus baseline).

4 Discussion

To our knowledge, ours is the first study to compare the

antihypertensive, nephroprotective, cardioprotective and

metabolic effects of two ACE inhibitors (perindopril and

enalapril) and two ARBs (losartan and telmisartan)

administered at full dose in overweight or obese patients

with hypertension. We found large reductions in blood

pressure, improved arterial elasticity and regulation of a

wide range of cardiovascular disease risk factors with

RAAS inhibition in these patients. RAAS inhibitors at full

dose appear to be a viable therapeutic strategy for hyper-

tension in obesity, in terms of etiological, pathogenetic and

symptomatic objectives. RAAS inhibitors also protect tar-

get organs, reduce the risk of diabetes and positively

influence metabolism [21].

Patients in our study were initiated on antihypertensive

monotherapy at full dose, according to European guideline

recommendations, even though most obese patients with

hypertension are ultimately likely to require multiple

antihypertensive drugs to control BP [2, 13]. All RAAS

Table 5 Blood biochemistry and anthropometric parametersa

Parameter Perindopril 10 mg/day

(n = 30)

Enalapril 20 mg/day

(n = 30)

Losartan 100 mg/day

(n = 30)

Telmisartan 80 mg/day

(n = 30)

Baseline 24 weeks Baseline 24 weeks Baseline 24 weeks Baseline 24 weeks

Blood biochemistry

Leptin (ng/mL) 27.3 ± 4.3 19.2 ± 3.6� 25.1 ± 4.1 24.7 ± 3.8* 25.9 ± 4.2 24.1 ± 3.7* 26.7 ± 4.3 22.9 ± 3.9*�

Total cholesterol

(mmol/L)

6.8 ± 2.2 6.2 ± 1.1� 6.7 ± 2.3 6.5 ± 2.1* 6.6 ± 1.6 6.3 ± 1.2* 6.8 ± 2.2 6.3 ± 1.4�

HDL cholesterol

(mmol/L)

0.8 ± 0.2 1.0 ± 0.3� 0.8 ± 0.2 0.9 ± 0.2* 0.9 ± 0.2 0.9 ± 0.3* 0.8 ± 0.2 0.9 ± 0.3*

LDL cholesterol

(mmol/L)

3.2 ± 1.5 2.8 ± 0.9� 3.1 ± 1.4 2.9 ± 0.9* 3.0 ± 1.2 2.9 ± 0.8* 3.2 ± 1.4 2.9 ± 1.1

Triglycerides

(mmol/L)

3.3 ± 1.5 2.8 ± 0.9� 2.9 ± 1.4 2.8 ± 0.9* 2.8 ± 1.1 2.6 ± 0.8* 3.1 ± 1.1 2.7 ± 0.4�

Creatinine

(mmol/L)

144 ± 27 85 ± 15 132 ± 22 100 ± 18* 106 ± 11 92 ± 11* 113 ± 13 81 ± 12*

Fasting glucose

(mmol/L)

7.2 ± 1.3 6.8 ± 1.2� 7.1 ± 1.2 7.0 ± 1.1* 7.2 ± 1.1 7.0 ± 0.8* 7.1 ± 1.1 6.9 ± 0.8*

Glucose after 2 h

(mmol/L)

11.1 ± 1.7 10.6 ± 1.5 10.9 ± 1.6 10.7 ± 1.4* 10.9 ± 1.8 10.7 ± 1.1* 10.8 ± 1.5 10.6 ± 0.9*

HbA1c (%) 6.9 ± 0.3 6.5 ± 0.2� 6.9 ± 0.3 6.8 ± 0.3� 6.7 ± 0.3 6.7 ± 0.2 6.8 ± 0.3 6.6 ± 0.2�

Fasting C-peptide

(ng/mL)

2.9 ± 0.6 2.0 ± 0.3� 2.9 ± 0.6 2.8 ± 0.6* 2.8 ± 0.6 2.8 ± 0.6* 2.9 ± 0.6 2.2 ± 0.3*�

Postprandial

C-peptide (ng/mL)

3.6 ± 0.7 2.9 ± 0.4� 3.5 ± 0.6 3.4 ± 0.5* 3.2 ± 0.6 3.0 ± 0.5* 3.6 ± 0.7 3.1 ± 0.4*�

IRI (mU/mL) 23.8 ± 3.1 20.9 ± 2.9� 21.9 ± 2.9 21.1 ± 2.8* 22.1 ± 2.8 21.9 ± 2.7* 23.2 ± 3.2 21.3 ± 2.8*

Anthropometric parameters

Body mass index

(kg/m2)

31.1 ± 2.9 29.1 ± 2.7� 30.9 ± 2.2 30.1 ± 1.9* 29.4 ± 3.6 28.9 ± 2.9* 31.1 ± 3.1 29.9 ± 1.9*

Waist/hip

circumference ratio

0.99 ± 0.06 0.91 ± 0.05� 0.98 ± 0.06 0.93 ± 0.05* 0.96 ± 0.04 0.91 ± 0.05* 0.98 ± 0.06 0.92 ± 0.05*�

Body fat (%) 57 ± 7 47 ± 7� 53 ± 7 51 ± 7* 51 ± 5 48 ± 5* 56 ± 7 50 ± 5*

a All data are expressed as means ± SDs

HbA1c glycosylated haemoglobin, HDL high-density–lipoprotein, IRI immunoreactive insulin, LDL low-density–lipoprotein, SD standard

deviation

* p \ 0.05 versus rate of improvement (from baseline to 24 weeks) with perindopril, � p \ 0.05 versus baseline
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inhibitors, by definition, reduce hypertension by blocking

the RAAS, but the way in which ACE inhibitors and ARBs

achieve this differs. ARBs block angiotensin 1 receptors,

preventing their activation by angiotensin II, a powerful

vasoconstrictor and mediator of inflammation, lipid accu-

mulation and thrombogenesis. In contrast, ACE inhibitors

impair the production of angiotensin II by inhibiting the

enzyme ACE, which converts angiotensin I to angioten-

sin II [22]. By inhibiting this enzyme, ACE inhibitors also

prevent degradation of the vasodilatory and cardioprotec-

tive peptide bradykinin [23]. Bradykinin stimulates the

release of other important vasodilators like nitric oxide,

prostacyclin and endothelium-derived hyperpolarizing

factor, providing cardioprotective benefits and endothelial

protection against remodelling, atherosclerosis and throm-

bosis [24]. Preservation of bradykinin together with

reduced angiotensin II production with ACE inhibitors may

explain some of the clinical differences between ACE

inhibitors and ARBs in terms of cardiovascular outcomes

[25].

Predominantly hydrophilic ACE inhibitors, like enala-

pril and lisinopril, may be poorly distributed in adipose

tissue, and this may affect the production of adipokines.

Secretion of adipokines is closely linked to the activity of

RAAS components, primarily angiotensin II [18, 26, 27].

Lipophilic ACE inhibitors, like perindopril and ramipril,

positively inhibit the production of adipokines at the cel-

lular level, which is considered beneficial [18, 26]. Lipo-

solubility and tissue ACE selectivity are related, and

perindopril is known to have one of the highest tissue ACE

selectivities of all ACE inhibitors [28]. Increased liposol-

ubility of ACE inhibitors also means better penetration of

atherosclerotic plaque, leading to a greater antiatheroscle-

rotic effect [29].

Perindopril’s capacity to protect endothelium against the

deleterious effects of atherosclerosis and its long duration

of antihypertensive effect (trough/peak ratio 75–100 %)

distinguish it from other ACE inhibitors [14, 30–32]. Per-

indopril is known to be quickly and extensively absorbed,

and is an effective RAAS inhibitor that can elicit a

response in patients unresponsive to therapy with other

ACE inhibitors or ARBs [33, 34]. In our study, 24-h SBP

and DBP, as well as daytime and night-time BP, fell more

with perindopril than with enalapril, losartan or telmisar-

tan. Moreover, the importance of the long duration of

action was underlined by a reduction with perindopril and

telmisartan of early morning BP surges, which are known

to predict cardiovascular events [35].

Patients treated with perindopril also displayed a sig-

nificant reduction in carotid intima/media thickness, a

marker of vascular remodelling. This reduction indicates

that perindopril is able to preserve blood vessel structure.

Along with its proven ability to reduce blood pressure, this

may explain why treatment with perindopril led to a sta-

tistically significant improvement in PWV, a marker of

arterial stiffness. Arterial stiffness is strongly correlated

with cardiovascular events and all-cause mortality [36].

ACE inhibitors are known to have a positive effect on

several conditions associated with hypertension and obes-

ity, such as left ventricular hypertrophy, congestive heart

failure, renal hyperfiltration and microalbuminuria, and to

be associated with reductions in bodyweight [19]. The

moderate degree of obesity in our population could explain

the improvement in anthropometric parameters and the

decrease in body fat in our study, particularly with perin-

dopril. Even though BMI in the perindopril group fell by 2

points, the impact of BMI reduction on BP reduction could

not be determined with certainty.

The efficacy of RAAS inhibition with perindopril in

overweight and obese patients with hypertension has been

shown previously, and perindopril is also known for its

cardioprotective, angioprotective and nephroprotective

effects [37–42]. Earlier studies have also demonstrated the

benefits of full-dose perindopril therapy in lowering blood

pressure and protecting blood vessels in hypertension, as

well as in modulating leptin levels [15, 43–45]. Metabolic

dysfunction (hyperlipidaemia, hyperglycaemia and hyper-

leptinaemia) in overweight or obese patients with hyper-

tension also appears to be corrected by perindopril.

It is important that antihypertensive agents used by

overweight or obese patients modulate adipokine levels

because of adverse cardiometabolic effects [46]. The sig-

nificant reduction in leptin levels with perindopril in our

study may be related, at least in part, to the reduction in

BMI in the perindopril group. Our results do, however,

confirm previous findings that show this effect is not class

specific, e.g. enalapril does not have this effect [27]. Per-

indopril may also positively modulate resistin and adipo-

nectin [18, 26].

Positive effects of full-dose RAAS inhibitors on serum

lipid profiles also appear not to be class specific. The

efficacy of perindopril in overweight patients has already

been confirmed in other studies, including a Russian study

in which 70 % of patients were overweight and a French

study in which a third of patients were obese [37, 47].

Improvement of blood lipids, particularly triglycerides,

should not be considered a random finding. A study in

patients with hypertension and type 2 diabetes showed that

perindopril increased high-density–lipoprotein cholesterol

by 0.16 mmol/L (p \ 0.05) after 1 year, while a trial in

hypertensive patients showed that it reduced triglycerides

levels by 0.6 mmol/L (p \ 0.05) [48, 49].

Treatment with ACE inhibitors in general—and perin-

dopril in particular—is associated with restoration of the

early peak of insulin secretion, improvement in carbohy-

drate metabolism and a reduction in insulin resistance
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[37, 50]. Insulin resistance can lead to severe endothelial

dysfunction, increased vascular tone and development of

proliferative processes in the vessel wall. ACE inhibitors

reduce angiotensin II, a competitive antagonist of insulin

that reduces peripheral glucose uptake by cells, which

accelerates glucose oxidation and decreases endogenous

glucose production. As regards the effect of perindopril on

metabolism, further investigation is required, as study

results have been mixed. One study in overweight patients

with essential hypertension found that perindopril had a

neutral effect on metabolism, while a comparative study

versus losartan showed that perindopril was useful for

improving insulin sensitivity and decreasing insulin resis-

tance in obese patients [51, 52].

Our study had the typical limitations of a single-blind

phase IV study. The absence of double-blinding and ran-

domization meant that an equal balance between the four

groups in terms of age, baseline SBP and BMI could not be

ensured and may have impacted the results of the study. The

small size of the population limited the conclusions that

could be drawn. The mean BMI of the population indicated

borderline obesity, though this did not preclude observations

of effects on obesity-related parameters. Ongoing nonphar-

macological interventions may have affected the results, but

these interventions occurred equally in all groups.

5 Conclusion

Effective full-dose RAAS inhibition appears to be an

important therapeutic option in overweight or obese

patients with hypertension. Full-dose perindopril may be

the most suitable RAAS inhibitor for overweight or obese

patients with hypertension, since not only does it effec-

tively reduce BP, but it also appears to regulate a wide

range of cardiovascular risk factors associated with

hypertension and obesity.
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