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ABSTRACT

Introduction: Overweight and obesity are
increasing worldwide and are associated with an
increased risk for cardiovascular disease (CVD).
The aim of this study was to examine the bur-
den of CVD risk factors among normal weight,
overweight, and obese subjects with hyperten-
sion, and to evaluate the effectiveness of
switching to a single-pill combination (SPC) of
perindopril arginine/indapamide for blood
pressure (BP) control in overweight and obese
subjects treated in routine clinical practice.
Methods: FORSAGE was a 3-month, multicen-
ter, observational, open-label study conducted
in Russian patients with uncontrolled arterial
hypertension under previous antihypertensive
therapy. Subjects were switched to the full-dose

perindopril arginine 10 mg/indapamide 2.5 mg
SPC. BP was assessed at 2 weeks, 1 month, and
3 months, and serum creatinine and general
health status at 3 months. The present post hoc
analysis of the FORSAGE study results explored
the effectiveness of perindopril arginine/inda-
pamide SPC in patients with arterial hyperten-
sion with regard to baseline body mass index
(BMI): normal (\25 kg/m2), overweight
(25 B BMI\ 30 kg/m2), and obese (C 30 kg/
m2).
Results: A total of 1969 patients were recruited,
but BMI data were available for 1963 patients,
two-thirds of whom were women. The distri-
bution of BMI groups was as follows:\25 kg/
m2 (16.7%), overweight (48.7%), and obese
(34.7%). Overweight or obese patients had more
concomitant diseases such as diabetes mellitus
or history of stroke, higher BP levels, serum
cholesterol and creatinine, and lower glomeru-
lar filtration rates. Switching to perindopril
arginine/indapamide SPC was associated with a
statistically significant reduction in BP as early
as the second week of treatment. At 3 months,
systolic blood pressure (SBP)/diastolic blood
pressure (DBP) had decreased significantly by
39.3/18.8 mmHg in the normal BMI group,
39.8/18.8 mmHg in overweight, and 39.4/
18.7 mmHg in obese groups. The magnitude of
the BP reduction was independent of BMI.
Achievement of target BP (\ 140/90 mmHg)
was good in all groups, but lower in obese sub-
jects (70.9%) than in overweight subjects
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(78.1%) or those with a normal BMI (81.8%)
(P\0.0001 for both comparisons).
Conclusions: In subjects with uncontrolled BP
on existing antihypertensive therapy, switching
to perindopril arginine 10 mg/indapamide
2.5 mg was associated with statistically signifi-
cant decreases in BP and higher rates of target
BP achievement in all BMI groups, including
more than 70% of overweight and obese
patients.
Trial Registration: ISRCTN ID, ISRCTN14
315146 (retrospectively registered 18/11/2019).

Keywords: Blood pressure target; Body mass
index; Indapamide; Obesity; Perindopril
arginine; Quality of life; Single-pill
combinations

Key Summary Points

Why carry out this study?

Rates of blood pressure control among
overweight and obese individuals are
often suboptimal due to specific
pathogenetic mechanisms and additional
comorbidities and risk factors.

A post hoc analysis of the observational
FORSAGE study was conducted to assess
the effectiveness of switching patients on
previous antihypertensive therapy to a
perindopril arginine/indapamide (10 mg/
2.5 mg) single-pill combination with
regard to baseline body mass index (BMI).

What was learned from the study?

High rates of target blood pressure
achievement were observed in all BMI
groups including the overweight and
obese.

The mechanisms of action of perindopril
and indapamide may make them
particularly suitable for use in obesity-
associated hypertension.

INTRODUCTION

The achievement of blood pressure (BP) targets
is dependent on many factors, including ade-
quate treatment prescription, patient adherence
to treatment, as well as the characteristics of the
patient and the presence of comorbidities [1]. In
particular, suboptimal efficacy of antihyperten-
sive therapy is often found in patients with
obesity, type 2 diabetes mellitus, target organ
damage, or hypertension-related diseases such
as coronary artery disease [2–6].

One method to improve the effectiveness of
treatment is to increase the number of pre-
scribed antihypertensive agents and their doses
[7], preferably in the form of a single-pill com-
bination (SPC).

In 2015, we conducted the open-label,
observational FORSAGE study in which patients
were switched from previous antihypertensive
therapy to full-dose perindopril arginine/inda-
pamide SPC and physicians educated on how to
encourage patients to lead a healthy lifestyle
with the aim of improving achievement of tar-
get BP and increasing adherence to treatment
[8]. The data obtained from FORSAGE indicated
that switching to full-dose perindopril arginine/
indapamide SPC resulted in three quarters of
the study population achieving target BP values
[8]. Moreover, the increase in treatment effec-
tiveness was similar between the group of
patients whose physicians received additional
education within the program and those who
did not [8].

Nevertheless, almost a quarter of patients did
not achieve the target BP level. The main factors
underlying this failure were male gender, age
over 60 years, poor treatment adherence at
baseline, persistent high cholesterol levels,
higher baseline BP levels, low glomerular filtra-
tion rate (GFR), high heart rate, and increased
body mass index (BMI) [8]. The aim of the cur-
rent post hoc analysis of the FORSAGE study
was to assess the effectiveness of the perindopril
arginine/indapamide (10 mg/2.5 mg) SPC in
patients with arterial hypertension with regard
to baseline BMI.
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METHODS

FORSAGE was a 3-month, multicenter, open-
label, observational study carried out in 29 cities
in the Russian Federation from November 2014
to April 2016. Patients were randomized into
three groups. In group 1, patients were followed
up by the physician according to routine clini-
cal practice without any specific recommenda-
tions. In group 2, physicians received training
on current guidelines for the management of
hypertension and in effective patient commu-
nication for increasing treatment adherence. In
group 3, physicians received training on current
guidelines for the management of hypertension
and effective patient communication, and
patients were trained in self-monitoring of BP.
Patients in groups 2 and 3 also received coun-
seling for non-pharmacological treatments for
hypertension, including dietary and salt intake
recommendations. The methods and main
findings of the study have been previously
published in Russian [8]. A total of 442 general
practitioners (GPs) and internists participated in
the program and enrolled 1969 patients with
essential arterial hypertension having BP[ 150/
90 mmHg despite treatment. Inclusion criteria
were: age over 18 years and BP[150/90 mmHg
on current antihypertensive therapy. Treatment
with perindopril/indapamide SPC was based on
physician’s judgment. Perindopril arginine/in-
dapamide (10 mg/2.5 mg) was administered in
accordance with clinical situation and the drug
label. The dose of perindopril arginine/inda-
pamide (10 mg/2.5 mg) could be decreased to
perindopril arginine/indapamide (5 mg/
1.25 mg) in case of need.

Non-inclusion criteria were as follows: sec-
ondary hypertension, pregnancy, breast-feed-
ing, severe cardiovascular disease (CVD; acute
myocardial infarction or acute cerebrovascular
accident within the last 6 months), diabetes
mellitus in the stage of decompensation, severe
hepatic impairment, renal transplantation,
nephrectomy or the presence of a single kidney,
hypokalemia or hyperkalemia, chronic alco-
holism, abuse of drugs, contraindications,

intolerance or hypersensitivity reactions to
perindopril arginine/indapamide or its individ-
ual components, systemic connective tissue
diseases, aortic stenosis, malignant neoplasm,
presence of indapamide 1.25 mg/perindopril
5 mg or indapamide 2.5 mg/perindopril 10 mg
or free combination of its compounds
(perindopril/indapamide) in a current therapy,
inability to understand the essence of the study
and to give valid consent to participate.

Data were collected during four visits to
participating centers at the following intervals:
baseline, 2 weeks, 1 month (M1), and 3 months
(M3). Investigators collected patient demo-
graphic data as well as information on risk fac-
tors, history of cardiovascular events, BP, resting
heart rate, and current cardiovascular treat-
ments. As this was an observational study, no
unified echocardiographic methods were speci-
fied, and both 2D Doppler and M-mode meth-
ods could be used. Data on systolic and diastolic
BP (SBP and DBP) and heart rate were collected
at all four visits; serum creatinine levels were
assessed at baseline and M3. General health
status was assessed at baseline and M3 using the
visual analogue scale (VAS) scored from 0 to 100
points.

All patients meeting the study inclusion cri-
teria were switched to perindopril/indapamide
SPC (10 mg/2.5 mg). During the study, angio-
tensin-converting enzyme inhibitors (ACEI),
angiotensin receptor blockers (ARB), and
diuretics could be replaced by perindopril/in-
dapamide SPC. If a patient was also receiving
therapy from other classes of antihypertensive
drugs, this therapy could be continued.

Patients with a known BMI (n = 1963) were
divided into three groups according to their
baseline value as follows: (1) normal BMI
(\25 kg/m2), (2) overweight (25 B BMI\30 kg/
m2), and (3) obese (BMI C 30 kg/m2).

Treatment effectiveness was assessed based
on change in BP and rate of target BP achieve-
ment (for patients who completed the program
in accordance with the protocol) at 2 weeks,
M1, and M3. Adverse events were monitored
throughout the study.

Cardiol Ther (2020) 9:139–152 141



Statistical Analysis

Data were analyzed using SAS statistical soft-
ware version 6.12 and are presented as mean
values, standard deviation, standard error of the
mean, minimum and maximum values, and
median with quintiles for continuous variables,
or as absolute number and relative frequency of
occurrence of each possible value for qualitative
or categorical variables. Values before and after
treatment for the whole population and BMI
subgroups were compared using Student’s t test
(or Fisher’s exact test) for paired observations, or
non-parametric Wilcoxon, Mann–Whitney, and
chi-square tests. Treatment subgroups were
compared using analysis of variance. P\0.05
was considered statistically significant.

Compliance with Ethics Guidelines

The program was approved at the meeting of
the Inter-University Ethical Committee, Proto-
col No. 06-14 dated 20.06.2014 (Moscow). The
study was performed in accordance with the
International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for
Human Use (ICH) guidelines for good clinical
practice and the ethical principles derived from
the revised Declaration of Helsinki. All patients
provided written informed consent.

RESULTS

Of the 1969 patients in the FORSAGE study,
1963 had baseline BMI data available and were
included in the present analysis. A total of 32
patients (1.6%) withdrew from the study pre-
maturely: nine were lost to follow-up, 11
declined to participate, four discontinued due
to the doctor’s decision, two withdrew due to
lack of efficacy and six for adverse events.
Demographic and baseline clinical characteris-
tics are shown in Table 1. The mean age was
60.1 ± 0.3 years, and 64.3% were women. A
normal BMI was observed in 16.7% of patients,
almost half were overweight (48.7%), and over
one-third were obese (34.7%). The mean BMI

values in the three groups were 23.3 kg/m2,
27.4 kg/m2, and 33.6 kg/m2, respectively.

The proportions of patients receiving the
different types of antihypertensive drugs are
described in Table 2. At study entry, 1682
patients (85.7%) were receiving free combina-
tions of antihypertensive drugs, and 287
(14.6%) were receiving fixed combinations. The
single-pill combinations were stopped when
patients started treatment with perindopril/in-
dapamide SPC. The proportion of patients
receiving concomitant treatment after having
started perindopril/indapamide SPC decreased
during visits 1–3. At visit 3, 32.4% of patients
were receiving beta blockers vs. 41.6% at visit 0,
12.0% of patients were receiving CCB vs. 25.9%
at visit 0, 1.8% were receiving diuretics other
than indapamide vs. 35.4% receiving diuretics
(including indapamide) at visit 0, and 0.6% of
patients were receiving ARB vs. 26.0% at visit 0.

No significant difference was observed
between the mean number of drugs taken by
patients with normal BMI (3.9) and by over-
weight subjects (4.1), but obese patients were
using statistically more drug classes (4.4;
P = 0.0001).

At baseline, a number of differences in
demographic and clinical characteristics were
observed between the three BMI groups
(Table 1). In all groups, there was a higher pro-
portion of women than men, but particularly in
the obese group (72.1%). SBP and DBP values
were high in all groups, and small but statisti-
cally significant increases in BP were observed in
both the overweight and obese groups com-
pared with the normal BMI group. Small but
statistically significant increases in mean total
cholesterol levels were also observed in both the
overweight and obese groups compared with
normal BMI and between the overweight and
obese groups. The proportions of patients with
hypercholesterolemia (total choles-
terol[5 mmol/L) were higher in the over-
weight and obese BMI groups compared with
patients with normal BMI. Obese subjects were
found to have statistically higher serum crea-
tinine concentrations and lower GFR compared
with the other groups.

The proportion of patients with type 2 dia-
betes was statistically greater in both
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Table 1 Patient characteristics according to age-adjusted body mass index at baseline

Parameter Total
group

Normal
BMI group

Overweight
group

P Obese
group

P P1

Number of patients (%) 1963 (100) 327 (16.7) 955 (48.7) 681 (34.7)

Mean age (± SD), years 60.1 ± 0.3 59.4 ± 0.6 59.2 ± 0.3 NS 60.3 ± 0.40 NS \ 0.05

Male, n (%) 702 (35.7) 120 (36.7) 392 (41.1) 190 (27.9)

Female, n (%) 1261 (64.3) 207 (63.3) 563 (58.9) 491 (72.1)

Current smoker, n (%) 434 (22.0) 96 (29.3) 278 (29.1) NS 172 (25.2) NS \ 0.05

History of hypertension in one

parent, n (%)

1064 (54.0) 181 (55.4) 525 (55.0) NS 371 (54.4) NS NS

History of hypertension in

both parents, n (%)

497 (25.2) 68 (20.8) 243 (25.4) NS 193 (28.4) NS \ 0.05

Mean duration of

hypertension (± SD), years

10.3 ± 0.9 11.3 ± 1.6 10.1 ± 0.9 NS 10.3 ± 0.9 NS NS

Medical history, n (%)

Angina pectoris 514 (26.1) 78 (23.9) 250 (26.2) NS 210 (30.8) 0.05 \ 0.05

Myocardial infarction 129 (6.6) 28 (8.8) 75 (7.9) NS 55 (8.1) NS NS

Stroke 129 (6.6) 19 (5.9) 54 (5.6) NS 57 (8.4) NS \ 0.05

Type 2 diabetes 276 (14.0) 23 (7.1) 113 (11.8) \ 0.05 152 (22.3) 0.0001 0.0001

Heart failure 1442 (73.2) 246 (75.2) 683 (71.5) NS 530 (77.9) NS \ 0.01

Body mass index, kg/m2 28.4 ± 0.2 23.3 ± 0.1 27.4 ± 0.1 0.0001 33.6 ± 0.1 0.0001 0.0001

Systolic BP, mmHg 169.1 ± 1.8 168.1 ± 0.5 169.8 ± 0.3 \ 0.05 171.2 ± 0.3 0.001 NS

Diastolic BP, mmHg 98.5 ± 1.3 97.3 ± 0.3 98.1 ± 0.2 \ 0.05 98.8 ± 0.3 0.0001 \ 0.05

Heart rate, bpm 77.2 ± 0.6 76.7 ± 0.5 77.0 ± 0.3 NS 77.8 ± 0.4 NS NS

Creatinine, lmol/L 87.9 ± 0.7 85.6 ± 0.4 85.7 ± 0.3 NS 88.1 ± 0.3 \ 0.0001 0.0001

CKD-EPI glomerular

filtration rate, mL/min/

1.73 m2

73.7 ± 0.9 73.9 ± 2.7 74.3 ± 1.5 NS 69.4 ± 0.9 0.0001 0.0001

Total cholesterol, mmol/L 5.7 ± 0.1 5.6 ± 0.06 5.8 ± 0.03 \ 0.05 5.9 ± 0.04 \ 0.001 \ 0.05

Number of patients with TC

concentration more than

5 mmol/L, n (%)

1490 (75.9) 221 (67.5) 732 (76.6) \ 0.01 537 (78.9) \ 0.0001 NS

ECG signs of LVH, n (%) 1550 (78.7) 245 (74.9) 752 (78.8) NS 581 (85.3) \ 0.001 \ 0.0001

Echocardiographic signsa of

LVH, n (%)

1328 (67.4) 204 (62.5) 650 (68.1) NS 486 (71.4) \ 0.01 NS

ECG and echocardiographic

signsa of LVH, n (%)

1210 (61.5) 190 (58.2) 584 (61.2) NS 455 (66.8) \ 0.01 \ 0.05
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overweight and obese groups compared with
the normal BMI group, and also differed
between the obese and overweight groups (22.3
vs. 11.8%, respectively, P = 0.0001; Table 1).
Obese patients had higher occurrence rates of
left ventricular hypertrophy, exertional angina
pectoris, and heart failure, and were more likely
to have a history of stroke, hypertensive crisis,
or hospitalization for hypertensive crisis. Over-
weight patients had a higher rate of hospital-
ization for hypertensive crisis compared with
patients with normal BMI.

There were no significant differences in
duration of hypertension or heart rate between
groups, and no differences in well-being
estimates.

At baseline, SBP levels were higher in over-
weight and obese patients than patients with
normal BMI, and SBP was significantly higher in
obese patients than in overweight patients
(Table 3). Switching to a perindopril arginine/
indapamide SPC was associated with a signifi-
cant reduction in SBP in all BMI groups (Fig. 1).
At each visit, SBP levels were significantly lower
than at the previous one (P = 0.0001). Although
the absolute SBP values remained slightly
higher in obese and overweight patients com-
pared with patients with normal BMI, patients
in all groups achieved the target SBP

Table 1 continued

Parameter Total
group

Normal
BMI group

Overweight
group

P Obese
group

P P1

Hypertensive crisis, n (%) 625 (31.7) 92 (27.1) 295 (30.9) NS 241 (35.4) \ 0.01 NS

Hospital admissions for

hypertensive crisis, n (%)

305 (15.5) 28 (8.6) 158 (16.5) \ 0.001 124 (18.2) \ 0.0001 NS

VAS score 46.2 ± 2.0 46.7 ± 0.7 46.9 ± 0.4 NS 45.5 ± 0.5 NS NS

Values are mean ± SE or numbers and corresponding percentages
P, comparison between overweight or obese vs. normal BMI group
P1, comparison between obese vs. overweight group
BMI body mass index, HT hypertension, NYHA New York Heart Association, BP blood pressure, CKD-EPI formula for
calculation of glomerular filtration rate, LVH left ventricular hypertrophy, ECG electrocardiography, EchoCG echocar-
diography, VAS visual analogue scale, NS non-significant
a Echocardiographic LVH could be defined using both M-mode and 2D Doppler methods

Table 2 The proportion of patients receiving major
antihypertensive drug classes at baseline

Class of
antihypertensive
drugs

Number (%) of patients on free
combinations

ACEI 866 (51.5)

ARB 437 (26.0)

CCB 436 (25.9)

Diuretics 595 (35.4)

BB 699 (41.6)

Alpha-blockers 8 (0.5)

Number (%) of patients on single-

pill combinations

ACEI ? diuretics 177 (61.5)

ARB ? diuretics 56 (19.6)

ACEI ? CCB 41 (14.3)

ARB ? CCB 13 (4.5)

ACEI angiotensin-converting enzyme inhibitors, ARB
angiotensin receptor blocker, BB beta blocker, CCB cal-
cium channel blockers
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of\ 140 mmHg at M3 despite differences in
cardiovascular risk profiles and the target level
of BP in patients in comparison groups.

While absolute DBP values remained higher
in obese patients at all visits compared with
patients with normal BMI and overweight
patients, a continuous reduction in DBP levels
was observed at each visit in all groups
(P = 0.0001) (Fig. 1). In overweight patients,
differences in DBP reached statistical signifi-
cance compared with patients with normal BMI
at M3.

After 3 months of treatment with the single-
pill combination, over 70% of patients had
achieved target BP levels (\140/90 mm Hg) in
all three groups (Table 4). The proportion of
patients achieving BP target levels decreased
with increasing BMI level. At 2 weeks, the pro-
portion of patients who achieved the target BP
was similar in all three groups (Table 4), but at
M1 and M3 the proportions of overweight and
especially obese patients who achieved target BP
were significantly lower than in the group with
normal BMI.

Creatinine levels had decreased in all groups
at M3, although they remained higher in obese

patients compared with the other two BMI
groups (P = 0.001) (Table 5). Over the course of
the study, creatinine clearance increased in all
groups, even in the obese, with no statistical
differences between groups at M3 (Table 5).

During the study, adverse events were
reported in seven patients (0.36% of the inclu-
ded patients). Five patients experienced dry
cough, one of them with associated insomnia.
One patient experienced pruritus and insomnia.
All these cases were assessed as related to the
drug and not serious, and all patients recovered
after drug discontinuation. One serious adverse
event was reported. This concerned a 52-year-
old woman who experienced clinically manifest
hypotension (BP 100/60 mm Hg). The patient
completed the study as per protocol, but further
action regarding the drug and outcome are
unknown. The case was not reported as serious,
but it was upgraded in seriousness by the
Therapeutic Safety Department.

Two patients stopped their participation in
the study due to a lack of treatment efficacy.
Information about outcome was not available
for these patients.

Table 3 Blood pressure (BP) levels before and during treatment with perindopril arginine/indapamide single-pill combi-
nation according to baseline body mass index (BMI)

Parameter Normal BMI group Overweight group P Obese group P P1

Systolic BP, mmHg

Baseline 168.1 ± 0.5 169.8 ± 0.3 0.001 171.2 ± 0.3 \ 0.001 0.0001

2 weeks 146.2 ± 0.5 147.0 ± 0.3 NS 148.1 ± 0.3 0.0001 \ 0.05

1 month 135.2 ± 0.5 136.6 ± 0.3 \ 0.05 138.3 ± 0.3 0.0001 0.0001

3 months 128.8 ± 0.5 130.0 ± 0.3 \ 0.05 131.8 ± 0.3 0.0001 0.0001

Diastolic BP, mmHg

Baseline 97.3 ± 0.3 98.1 ± 0.2 \ 0.05 98.8 ± 0.2 0.0001 \ 0.05

2 weeks 86.7 ± 0.3 87.3 ± 0.2 NS 87.9 ± 0.2 \ 0.05 NS

1 month 81.6 ± 0.3 82.3 ± 0.2 NS 83.3 ± 0.2 0.0001 \ 0.001

3 months 78.5 ± 0.3 79.3 ± 0.2 \ 0.05 80.1 ± 0.2 0.0001 \ 0.01

Data presented are mean ± SE
P, comparison between overweight or obese vs. normal BMI group
P1, comparison between obese vs. overweight group
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Fig. 1 Change in mean systolic (SBP) and diastolic blood
pressure (DBP) levels at each study visit compared with
baseline during treatment with perindopril arginine/

indapamide single-pill combination according to baseline
body mass index (BMI) group
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DISCUSSION

This post hoc analysis of the FORSAGE study
provides important data on the cardiovascular
risk profile of patients treated for hypertension
in routine clinical practice in the Russian Fed-
eration by BMI category, and the influence that
this may have on treatment efficacy. There was
a higher incidence of concomitant diseases
associated with the metabolic syndrome among
overweight and obese participants, including
diabetes mellitus, higher BP levels, serum
cholesterol and creatinine, and lower GFR.
When patients with BP uncontrolled on their
previous antihypertensive regimen were swit-
ched to perindopril arginine/indapamide SPC,
statistically significant reductions in BP and
higher rates of target BP achievement were
observed in all BMI groups. At M3, over 70% of

patients treated with the SPC had achieved
target BP, including overweight and obese sub-
jects who had the highest BP at baseline.

Worldwide, nearly a third of the population
is now classified as overweight or obese [9]. In
the current study, 48.7% of patients had a BMI
in the overweight range, while 34.7% were
obese. Similar findings have been observed in a
recent large epidemiological study from the
Russian Federation, where the prevalence of
BMI-defined obesity was estimated as 33.4%
[10]. In addition to hypertension, overweight is
associated with multiple CVD risk factors,
including hypercholesterolemia, diabetes, and
metabolic syndrome. Pooled data from a num-
ber of US longitudinal population-based cohort
studies have been used to estimate lifetime risk
estimates of CVD by weight status [11]. The
results showed that overweight and obesity

Table 4 Proportion of patients (%) achieving the target blood pressure level (\ 140/90 mmHg) according to baseline body
mass index (BMI)

Patient groups Normal BMI group Overweight group P Obese group P P1

2 weeks 17.7% 15.6% NS 13.6% NS NS

1 month 52.0% 47.1% \ 0.05 42.1% \ 0.01 0.0001

3 months 81.8% 78.1% NS 70.9% 0.0001 0.0001

P, comparison between overweight or obese vs. normal BMI group
P1, comparison between obese vs. overweight group

Table 5 Creatinine levels and estimated value of the glomerular filtration rates (GFR) at baseline and after the treatment,
according to baseline body mass index (BMI)

Parameter Normal BMI group Overweight group P Obese group P P1

Creatinine, lmol/L

Baseline 85.6 ± 0.4 85.7 ± 0.3 NS 88.1 ± 0.3 0.0001 0.0001

3 months 80.3 ± 0.6 81.2 ± 0.3 NS 83.9 ± 0.4 0.0038 0.0001

GFR (CKD-EPI), ml/min/1.73 m2

Baseline 73.9 ± 2.7 74.3 ± 1.5 NS 69.4 ± 0.9 0.0001 0.0001

3 months 77.4 ± 1.3 77.8 ± 2.8 NS 72.3 ± 1.1 NS NS

Data presented are mean ± SE
GFR glomerular filtration rates, CKD-EPI formula for calculation of glomerular filtration rate
P, comparison between overweight or obese vs. normal BMI group
P1, comparison between obese vs. overweight group
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were associated with earlier onset of CVD, and a
greater proportion of life lived with CVD mor-
bidity. Obesity was additionally associated with
shorter overall survival compared with adults
with normal BMI.

The FORSAGE findings are in line with pre-
viously reported studies. The Global Car-
diometabolic Risk Profile in patients with
Hypertension Disease (GOOD) survey, which
included 3370 patients from 12 European
countries, showed that patients with uncon-
trolled BP had a higher BMI, greater waist cir-
cumference, and other impaired metabolic
parameters (increased fasting plasma glucose,
total cholesterol, and triglyceride levels), as well
as lower levels of high-density lipoprotein
(HDL) cholesterol in women [12]. In the GOOD
survey, the prevalence of metabolic syndrome
(ATP III criteria) was significantly higher in
patients with uncontrolled versus controlled BP
(66.5 vs. 35.5%, respectively). Multivariate
analysis revealed that the metabolic syndrome
was associated with a 2.6-fold greater likelihood
of poor BP control [12]. Further analysis of the
GOOD survey reported that it was the visceral
obesity and dyslipidemia components of the
metabolic syndrome that were associated with
the poor response to antihypertensive treat-
ment and not impaired glucose tolerance [13].

Regardless of BMI group, switching from
previous therapy with ACEI, ARB, and diuretics
to SPC perindopril arginine/indapamide at full
dose (10 mg/2.5 mg) was associated with statis-
tically significant decreases in BP and higher
rates of target BP achievement (despite the fact
that most patients had been receiving combi-
nation therapy including renin–an-
giotensin–aldosterone system (RAAS) inhibitors
and diuretics at baseline). However, although
the overall proportion of patients achieving
target BP was quite high (70–80%), fewer obese
subjects achieved target BP compared with
subjects in the overweight and normal BMI
groups at all study time points.

The reduced efficacy of antihypertensive
therapy in obese subjects may relate to the fact
that hypertension in these individuals has dif-
ferent pathogenetic features [14]. In people with
obesity, the kidneys are subject to outer com-
pression by intra-abdominal adipose tissue and

increased intra-abdominal pressure, as well as
inner compression of renal medullary sinuses by
penetrating adipose tissue and increased
intrarenal tissue compression. The result is
impaired blood supply to the kidneys and sub-
sequent activation of the renin–angiotensin and
sympathetic nervous systems [15]. The adipose
tissue itself also plays an important role in the
activation of RAAS. Individual adipocytes have
all the components of the RAAS, and an accu-
mulation of fat mass leads to an increase in
angiotensinogen followed by increased angio-
tensin II levels, higher expression of angio-
tensin II type 1 receptors, and aldosterone
production. This causes a significant change in
the structural and functional state of the car-
diovascular system (left ventricular hypertro-
phy, vascular remodeling, and endothelial
dysfunction) on the one hand, and an increase
in salt sensitivity and an increase in the reab-
sorption of sodium and fluid on the other, with
a resultant increase in fluid volume [16].

Adipocytes are hormonally active cells that
trigger the production of leptin, adipsin, adi-
ponectin, and proinflammatory cytokines (TNF-
a, interleukins, transforming growth factor-b,
and monocyte chemoattractant protein 1), and
the release of fatty acids [17]. The fasting level
of leptin secreted by adipocytes becomes higher
with increased grade of obesity. At the same
time, leptin increases the activity of the sym-
pathetic nervous system, particularly in the
kidneys. The consequences of sustained sym-
pathetic overdrive include increases in cardiac
output and heart rate, tubular reabsorption of
sodium, and intravascular blood volume [18].
The combination of perindopril and inda-
pamide therefore acts on the major mechanisms
involved in obesity-related hypertension: adi-
pocyte-associated RAAS activation (inhibited by
perindopril) and distal tubule sodium reab-
sorption (blocked by indapamide).

Greater attention is now also being paid to
the association between oxidative stress and
hypertension in obese patients. Oxidative stress
and increased production of reactive oxygen
species in glomerular podocytes, endothelial
cells, and mesangial cells are known to lead to
the development and progression of kidney
damage in metabolic disorders [19]. Increased
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arterial stiffness and early return of reflected
waves represent a rise in central systolic BP, a
drop in diastolic BP, and an increase in pulse
pressure, and mediate at least some of the
effects of CKD on cardiac function [20]. Arterial
stiffness can be improved by a few classes of
antihypertensive drugs, such as ACEI, ARB, and
direct renin inhibitors. These are able to reduce
arterial stiffness independently of BP changes,
which may explain the effectiveness of the
fixed-dose combination of perindopril/inda-
pamide in this category of patient. It was noted
that the incidence of glomerulopathy associated
with obesity increased tenfold between 1986
and 2000 [21]. Obesity is considered to be a
powerful factor in the initiation and progres-
sion of chronic kidney disease [22, 23]. Impor-
tantly, in the FORSAGE study, perindopril/
indapamide treatment was not associated with
acute increases in serum creatinine or a sudden
decline in GFR. The combination was well tol-
erated, with adverse events in line with those
reported in previous studies in a variety of
patient groups [24–26].

The complex pathogenesis of obesity-related
hypertension highlights the need for specific
pharmacological recommendations in the form
of combination antihypertensive therapy [27].
Subgroup analysis of obese patients from the
large randomized ASCOT BPLA (Anglo-Scandi-
navian Cardiac Outcomes Trial, Blood Pressure
Lowering Arm) trial, suggests that drugs such as
thiazide diuretics and ACEI are superior for
preventing cardiovascular events in obesity-re-
lated hypertension [28], and it has been sug-
gested that this combination should be
considered as first-line antihypertensive drug
therapy in obesity [29]. In the FORSAGE study,
patients were initially receiving combination
therapy, but it is likely that the specific com-
ponents of the combination therapy regimen
may provide an explanation for the differences
in the efficacy of treatment.

No significant difference was observed
between the mean number of drugs taken by
patients with normal BMI (3.9) and by over-
weight subjects (4.1), but obese patients were
using statistically more drug classes (4.4;
P = 0.0001). The proportion of patients taking
CCB was low (13.4, 16.1, and 16.1% in the

normal, overweight, and obese BMI groups,
respectively), and as these numbers did not
change during the study, CCB use could not
have influenced the antihypertensive effect.

There is evidence that perindopril leads to a
more pronounced decrease in BP than other
ACEI in most patients [23] and greater BP-low-
ering effect than with the ARB, particularly in
obesity [30]. In patients with a large number of
cardiovascular risk factors such as in the current
study, the effect of perindopril is reported to be
even more pronounced [31]. Perindopril, in
contrast to ARB such as losartan, also increases
insulin sensitivity in overweight patients [32].
Furthermore, recent data indicate that a fixed
combination of perindopril and indapamide
not only leads to a decrease in BP in patient
groups achieving and not achieving target BP
on preceding therapy, but also to decreases in
leptin levels of 14.4 and 10.0%, and high-sen-
sitivity C-reactive protein by 17.7 and 11.0%,
and an increase in adiponectin levels of 6.7 and
9.9%, respectively (P\ 0.01) [15].

The switch to a perindopril/indapamide SPC
led to an increase in the number of patients
taking a diuretic, a required and pathogeneti-
cally substantiated component of treatment for
obesity-related hypertension. The observed
beneficial effect with the perindopril/inda-
pamide SPC may also be partially explained by
the replacement of hydrochlorothiazide, which
is often used for the treatment of hypertension,
with indapamide. Indapamide is considered a
preferred drug for obesity-related hypertension
because of its marked antihypertensive effect, as
well as multiple organ-protective properties
[16–18, 33].

Given the increasing rates of overweight and
obesity, substantial improvements in CVD risk
factor treatment and control rates among obese
individuals are needed to prevent future car-
diovascular events. Weight loss remains impor-
tant in patients with obesity-associated
hypertension to reduce circulating leptin,
decrease sympathetic activation, and improve
BP and other risk factors, but weight loss as a
result of lifestyle changes is often modest and
difficult to maintain. When treating people
with obesity, careful attention should be paid to
the selection of appropriate antihypertensive
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therapy. The current study suggests that this
should more systematically be brought to the
attention of physicians, as in clinical practice,
BMI levels in the overweight or obese range
appear to have little impact on the type of
antihypertensive drugs prescribed. There is
currently a lack of clinical trial data evaluating
interventions in obese subgroups to determine
whether obesity-specific treatments would
result in decreased CVD outcomes. No specific
recommendations for high BP management in
patients with excess weight are discussed in
international guidelines, and until the results of
randomized clinical trials become available,
observational studies such as FORSAGE will
continue to inform physicians on the optimal
management of their patients.

Study Limitations

In addition to the limitations regarding the
study design (open-label, observational, non-
randomized, lack of control group) and post
hoc analysis, limitations of the study include
the fact that adherence was not assessed in the
post hoc analysis, and LVH measurement tech-
niques were not unified. Only descriptive
statistics were used, and there was no calcula-
tion of sample size. In addition, as the study
reflected routine clinical practice, patients could
receive concomitant therapy, which may have
introduced bias.

CONCLUSIONS

Rates of treatment and control of hypertension
are suboptimal, particularly among overweight
and obese individuals. The mechanisms of
action of perindopril and indapamide may
make them particularly suitable for use in obe-
sity-associated hypertension. In the present
analysis of the observational FORSAGE study,
patients not achieving BP targets on previous
antihypertensive therapy were switched to an
adapted-dose, perindopril arginine 10 mg/inda-
pamide 2.5 mg SPC. At M3, statistically signifi-
cant reductions in BP and high rates of target BP
achievement were observed in all patient BMI
groups. This included the large proportion of

overweight and obese patients, a group partic-
ularly difficult to control due to specific patho-
genetic mechanisms and additional
comorbidities and risk factors.
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