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Abstract

Background—Most antihypertensive drugs used in monotherapy or in combination therapy
reduce the left ventricular mass index (LVMI). However, little is known about the effects on
LVMI of a triple fixed-dose combination (TFC) therapy, containing in a single pill an angiotensin-
converting enzyme inhibitor (ACEI), a diuretic and a calcium channel blocker (CCB).

Methods—In this prospective open-label study, 92 patients with essential hypertension were
randomized to treatment with a TFC of perindopril/indapamide/amlodipine at different doses or a
triple free combination therapy (FCT) including ACEl/diuretic/CCB. Office blood pressure (BP)
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measurement, 24 h-ambulatory BP monitoring and echocardiography were performed at baseline
and during a 14-month follow-up. The BP variability (BPV) over 24 h was calculated as +
standard deviation of the daytime systolic BP. Differences between office and monitored BP and
LVMI were evaluated by ANOVA for repeated measures.

Results—A significant BP-lowering effect was observed for both treatments. At follow-up, BPV
was reduced in both the treatment groups vs. the baseline (14.0 + 1.5 vs. 17.0 £1.8 and 16.2 +

2.1 vs. 17.6 £ 2.3, respectively), but it was lower in the TFC vs. the FCT group (14.0 + 1.5 vs.
16.1 £ 2.2, P <0.05). LVMI was lower in both the treatment groups, but the change was greater
for TFC vs. FCT (-8.3 £4.9% vs. -2.0 + 2.1%, P < 0.0001). Left ventricular hypertrophy (LVH)
regression was greater in the TFC vs. the FCT group (43.5% vs. 30.4%, P < 0.05).

Conclusions—Independently of BP values achieved, the antihypertensive TFC therapy was
more effective than FCT in LVMI reduction and LVH regression, possibly related to drugs’
intrinsic properties and to BPV modulation.
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Introduction

In arterial hypertension, left ventricular hypertrophy (LVH) is a compensatory process
representing an initial adaptation to increased ventricular wall stress [1]. However, LVH

is the first step toward the development of overt clinical disease, as observed both in clinical
and epidemiological studies, including also elderly patients. A strong relationship between
LVH at baseline examination and the risk of morbid or mortal cardiovascular events has
been reported [2].

According to electrocardiographic criteria, the prevalence of LVH is quite low in the general
population increasing to 7-40% in hypertensive population [2].

In addition, an echocardiographic screening revealed that the prevalence of LVVH could reach
over 50% of subjects older than 65 years [3]. The relationship between echocardiographic
left ventricular mass index (LVVMI) and clinic blood pressure (BP) is usually weak, while the
24 h ambulatory blood pressure monitoring (ABPM) has shown a much closer correlation
between LVMI and average daytime BP values [4].

Observational and prospective studies examined the potential clinical benefits of LVMI
reduction and demonstrated that changes in LVMI during treatment may have an important
prognostic role in hypertensive subjects [5].

Indeed, subjects who failed to achieve LVVH regression or in whom LVH developed during
the follow-up were much more likely to suffer morbid events than those in whom LVH
regressed or never developed [6,7].

This confirms that L\VMI changes during antihypertensive treatment were the most important
factor related to the occurrence of cardiovascular fatal and non-fatal events [8].
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Many studies have suggested that LVH regression may be more rapidly or more completely
obtained through specific classes of antihypertensive drugs, such as ACE-inhibitors
(ACEls), angiotensin receptor blockers (ARBSs), and calcium channel blockers (CCBs), as
monotherapy [9-11] or single-pill therapy [12-14].

However, little is known about the effects on LVMI changes and LVH regression of a triple
fixed-dose combination (TFC) therapy containing in a single pill an ACEI, a diuretic and a
CCB.

The aim of this study was to examine the long-term effect of a TFC of the antihypertensive
drugs perindopril/indapamide/amlodipine on LVMI lowering and LVH regression in
outpatient hypertensive subjects, previously uncontrolled with a dual fixed combination of a
renin-angiotensin-aldosterone system (RAAS) inhibitor and a diuretic.

2. Materials and methods

This interventional study enrolled patients without history of cardiovascular events and with
grade-2 essential hypertension (/.. office systolic BP (SBP) < 140 mmHg and diastolic

BP (DBP) < 90 mmHg), previously uncontrolled with a dual fixed-combination therapy
including a RAAS inhibitor plus a diuretic. Exclusion criteria were: severe hypertension
(office SBP = 180 mmHg or DBP = 110 mmHg), secondary hypertension, neoplastic

or hepatic diseases, chronic heart or renal failure, positive history or clinical signs of
ischemic heart disease, severe obesity (body weight > 150% of the ideal), disabling
diseases (e.g. dementia or inability to cooperate), pregnancy or breast-feeding. Subjects
were enrolled between October 2015 and June 2016 in our Hypertension Centre, and gave
informed consent for participation to the study. Local Ethics Committee and institutional
review boards approved the protocol. The study was conducted in accordance with ICH
Harmonized Tripartite Guidelines for Good Clinical Practice and the Declaration of Helsinki
Principles. Subjects were free to discontinue the study at any time and for any reason, and
the treatment was stopped if a serious adverse event occurred.

2.1. Study design

Study recruiting methods and the procedures for the baseline examinations and the follow-
up have been described in detail elsewhere [15]. The patients were switched to treatment
with a TFC of perindopril/indapamide/amlodipine given once daily and compared to a
control group of hypertensive patients taking a free combination therapy (FCT) of three
antihypertensive drugs, including a RAAS blocker, a diuretic and a CCB. TFC patients were
age- and gender-matched by the case-to-case method with the FCT control group. After the
initial screening and a run-in period of 4 weeks, patients treated with FCT were assigned

to receive in the morning one tablet once daily of perindopril/indapamide/amlodipine at
different doses (5/1.2/5, 10/2.5/5, 10/2.5/10 mg daily) for 4 months. The different doses
used in the fixed-combination arm depended on the degree of baseline BP values, however
in the course of the study all the subjects were treated with the highest tolerated doses

to reach BP control. In this respect, in clinical trials a careful choice of the appropriate
dose medication is fundamental to avoid dose-related side effectscausing the dropoutfrom
treatment and leading to failure of BP control. The subjects in the FCT groups were only
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in part randomized to standardized classes of antihypertensive agents, as 35% of them were
intolerant to ACE-inhibitors and 30% to amlodipine treatment. Equivalent doses of the
antihypertensive agents were used within the FCT groups and compared to the TFC arm.
Office and 24 h BP values were evaluated at baseline and at the 1st, 4th and 14th month of
follow-up. The aim of this study was to evaluate the efficacy of the TFC therapy vs. FCT in
LVMI reduction and in LVVH regression, with a target BP defined as SBP < 140 mmHg plus
DBP < 90 mmHg in office, and as SBP < 130 mmHg plus DBP < 80 mmHg at 24 h-ABPM.

Data collection

At baseline, office BP (diastolic Korotkoff phase 5) was measured in triplicate in the lying
position using a mercury sphygmomanometer at 10-minute intervals, taking special care

to avoid any terminal digit preference [16]. To minimize potential white-coat effects, the
average of the last two clinostatic measurements was taken as BP. Heart rate was also
measured at the same time. Pulse pressure (PP) was defined as the difference between

SBP and DBP. Hypertension was defined as SBP =140 mmHg or DBP =90 mmHg.

Clinic hypertension was confirmed in all subjects by 24 h ABPM, detected through an
oscillometric device (TM-2430, Takeda, Japan) applied to the non-dominant arm [17]. BP
variability (BPV) was calculated as the standard deviation (SD) of average SBP and DBP
day-time values over the 24 h. Body mass index (BMI) was calculated as the ratio of weight
(in kilograms) to squared height (in meters). Subjects were classified into never and current
(=1 cigarette daily) smokers. Safety parameters monitoring included serum potassium and
creatinine. Fasting serum creatinine (in mg/dl) was measured using the alkaline picrate-
kinetic method of Jaffé by means of an auto-analyzer (Hitachi Modular P, Roche diagnostic,
USA). Estimated glomerular filtration rate (ml/min/1.73 m2) was calculated from serum
creatinine (mg/dl) using the formula of Cockroft and Gault [18]. Adherence to medication
was measured through indirect methods, such as patient self-reports and pill counts.

2.3. Echocardiography

Hypertensive patients were imaged, and two different observers, blinded to treatment taken
by patients, analyzed the data. M-mode and 2-dimensional echocardiography was performed
with an 1E33 system (Philips Medical System, Bothell, WA, United States), consistently
with the recommendation of the American Society of Echocardiography [19]. Septal and
posterior wall thicknesses and left ventricular (LV) end-diastolic dimensions were measured,
and LV ejection fraction (in %) and LV mass were determined. LV mass was estimated by
the Devereux formula [20], and then normalized for body surface area (LVMI, in g/m?).
LVH was defined as a LVMI value =115 g/m? for men and =95 g/m? for women. Delta
LVMI (in %) corresponds to L\VVMI change at follow-up vs. baseline. LVH regression at the
follow-up was defined as LVMI values < 115 g/m? for men and < 95 g/m? for women.

2.4. Statistical analysis

Continuous variables were averaged, expressed as mean + SD, and compared using the
analysis of variance (ANOVA) and the Bonferroni’s post-hoc test. Comparison between
categorical variables was done using the 2 test. ANOVA for repeated measures compared
the changes of different BP-related parameters and of serum lipids at baseline and at the
follow-up visits. Differences between continuous variables were evaluated in the two study
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groups with the Tukey’s post-hoc test. All statistical analyses were performed using the
SPSS package version 18.0 for Windows (SPSS, Chicago, IL, USA). The null hypothesis
was always rejected for £< 0.05.

3. Results

The baseline characteristics of the TFC and FCT treatment groups are summarized in Table
1. Mean age of all patients was 60.8 + 12.1 years (59.4 + 11.5 years for men and 63.8

+ 13.9 years for women, P < 0.001). LVH prevalence did not significantly differ between

the two study groups (71.7% vs. 68.5%, respectively, P = 0.63). In the FCT group, the
proportion of patients taking ACEls or Angiotensin-II receptor blockers (ARB) was 65%
and 35%, respectively. In detail, among patients on ACEIs, 40% took ramipril, perindopril,
25% enalapril and 5% lisinopril. Among patients on ARBs, 35% took valsartan, 35%,
olmesartan, 20% telmisartan, 15% losartan and 5% other ARBs. For diuretics, the proportion
was 75% hydrochlorothiazide and 25% indapamide, while for CCBs, the proportion was
70% amlodipine, 15% barnidipine, 10% lacidipine and 5% other CCBs.

During the follow-up, a significant office BP lowering effect was observed in both the TFC
and FCT groups, with a greater effect for the TFC therapy (not significant vs. FCT, Fig. 1).
A significant reduction in 24 h-ABPM values was also observed at the end of follow-up in
both the treatment groups (Tables 2 and 3). In more detail, at the 15t month of follow-up a
significant reduction of 24 -h, daytime and night-time SBP and PP was found in the TFC
but not in the FCT group, while at the 4! month and at the end of follow-up the BP values
were not different between the two study groups. 24 h-ABPM DBP and heart rate were
unchanged during the entire follow-up. At the end of the 15t month of follow-up, target
office BP was reached by 70.5% of patients on TFC therapy and by 66.4% of patients on
FCT (P = 0.21), at the 4t month by 75.6% and 71.2% of patients, (P = 0.34) and at the 14t
month 77.1% and 72.4% of patients (P = 0.16), respectively. When target 24 h-ABPM was
evaluated, the response rate to treatment was significantly higher in the TFC than in the FCT
group at the 15t month of follow-up (45.3 vs. 32.8%, P < 0.05), at the 4t month (64.8% vs.
46.9, P < 0.05), and at the end of follow-up (69.7 vs. 53.2, P < 0.05).

At the end of follow-up, the BPV was reduced in both groups compared with baseline (14.0
+15vs17.0+£ 1.8 inthe TFC group and 16.2 £ 2.1 vs. 17.6 £ 2.3 in the FCT group), but
it was significantly lower in the TFC than in the FCT group (14.0+ 1.5 v5. 16.1 £2.2, P

< 0.05). A similar result was observed for LVMI, that was lower in the TFC than in FCT
group (Fig. 2), with a significant delta change difference of -8.3 £ 4.9 vs. -2.0 + 2.1% (P

< 0.0001) in the former compared with the latter. LVH regression was greater in the TFC
than in FCT treatment group (43.5% vs. 30.4%, P < 0.05), without any gender difference.
Mean change in serum potassium values from baseline to end of the follow-up significantly
decreased in the TFC group (4.36 £ 0.22 vs. 3.89 £ 0.21, P < 0.001) but not in the FCT
group (4.17 £ 0.31 vs. 4.10 £ 0.19, P > 0.05). Three patients withdrew from the research

in the TFC group (2 for ankle oedema and 1 for cough) and 2 in the FCT group (1 for
hypotension and 1 for dizziness) at the 4th month of the clinical study. At the follow-up, 5
subjects in the TFC and 7 in the FCT group discontinued the study.
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4. Discussion

This single-centre, interventional, open-label study revealed that a TFC of antihypertensive
drugs was more effective than FCT in LVMI lowering and LVH regression. Observational
and prospective studies performed to assess the potential clinical benefits of regression of
echocardiographic detectable LVH, found that changes in LVMI during antihypertensive
treatment have a strong prognostic impact [7] in terms of cardiovascular and cerebrovascular
outcomes. It has also been suggested that a higher cardiovascular risk may persist in

patients with LVH regression vs. patients with persistently normal L\VMI [8]. From a
pathophysiological point of view, the better prognosis associated with LVVH regression seems
to be related to the improvement of systolic and diastolic LV function, with the increase of
coronary flow reserve and the decrease of left atrial enlargement and cardiac arrhythmias.

Consequently, the evaluation of changes in LVMI during an antihypertensive treatment
adds a prognostic information, particularly in patients with persistence or development

of LVH [10]. In this respect, it has been demonstrated that an effective and long-term
antihypertensive treatment, ensuring a gradual, constant and homogeneous control of 24 h
BP values, may achieve a significant reduction of LVMI, and even a normalization of LVH
[12].

The results of the ACCORD (Action to Control Cardiovascular Risk in Diabetes) [13] and
SPRINT (Systolic Blood Pressure Intervention Trial) [14] trials have shown that targeting
SBP to a more intensive (< 120 mmHg) rather than a less aggressive target (< 140 mmHg)
produces a greater reduction in ECG criteria of L\VH in hypertensive patients, with and
without diabetes mellitus, at high cardiovascular risk. On the other hand, available studies
also suggest that for comparable BP reduction, a quicker or a more complete L\VH regression
may be reached through specific classes of antihypertensive drugs, such as ACEls, ARBs
and CCBs [9,10].

Furthermore, the full normalization of left ventricular geometry is usually observed [21], and
echo-reflectivity studies suggest that tissue composition of the left ventricle may vary, and
that drugs aiding LVVH regression may differently affect myocardial fibrosis [11]. The time
course of LVH regression has not been clearly defined, as it may occur over months to years.
However, it is commonly agreed that a significant L\VVMI reduction can only be observed
after a 6-8 month-long antihypertensive treatment [22]. In our study, the echocardiographic
follow-up has been deliberately lengthened beyond 12 months, with the aim of detecting any
significant LVMI reduction and LVH regression, as the mean age of our patients (60.8 £
12.1 years) and a long history of hypertension could have affected the results of our study in
the short term.

In this view, since the BP lowering effect obtained in our study with the TFC and the

FCT treatment was comparable, we speculate that the greater LVMI reduction and LVH
regression obtained with the TFC treatment is probably related to the “intrinsic” properties
of the antihypertensive drugs tested in the TFC group. Due to the lack of face-to-face

trials between ACEls, it is common opinion that they result in similar outcomes in the
clinical practice [16]. As a consequence, ACEIs are prescribed interchangeably and deemed
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to provide the same outcomes for all patients when used chronically [23]. The role of
perindopril in L\VMI reduction is well known both in human subjects and in animal models
[24], and it was found to be more effective than p-blockers in reversing LVH [25]. Indeed,
differences between perindopril and enalapril/lisinopril exist and translate into a 2—-3-fold
greater reduction of major cardiovascular outcomes, as observed in ALLHAT, ASCOT,
EUROPA and PROGRESS trials [26—29]. Similarly, in the HOPE study, ramipril was found
to affect organ damage and cardiovascular outcomes in high risk hypertensive subjects [30].

As a consequence, it seems evident that perindopril, and to a lesser extent ramipril,

have good clinical outcomes, warranting their selection over any other ACEI and in part
explaining the positive effects on LVMI reduction and LVH regression observed in our study
both in TFC and FCT groups. However, these results should be interpreted with caution.
Many of the studies cited above used perindopril in varying dosages and in combination
with a variety of other drugs, and thus it was not possible to attribute the beneficial effects
achieved in our study solely to ACEI.

Perindopril, alone or in combination with amlodipine and indapamide, has been shown to
contribute to the positive effects on cardiovascular outcomes [27,28,31]. Furthermore, the
positive effects of indapamide and amlodipine individually may also have contributed to
the results on LVMI and LVH observed in this study. In fact, a treatment regimen with
amlodipine is associated with a significant reduction in LVMI in hypertensive subjects
with mild to moderate essential hypertension [32]. In addition, in the LIVE study [33],
indapamide was shown to influence LVMI and even to be significantly more effective than
enalapril in reducing LVMI in hypertensive patients with LVH. Furthermore, indapamide
reduced LVMI by 17% (P < 0.001), whereas hydrochlothiazide had no significant effect on
cardiac organ damage [34].

On the other hand, as observed in the PICXEL study, a combined single-pill
antihypertensive regimen based on perindopril and indapamide led to a significant LVMI
reduction, as the increased activity of plasma renin induced by the diuretic enhanced the
efficacy of the ACEI [35].

The greater LVH regression observed in the FCT group is only in part intuitive as the better
BP control does not depend only on the absolute BP reduction, that at follow- up resulted
to be similar in the two treatment groups. The better BP control reached in the FCT group
particularly depends on the higher modulation of 24 h-BPV, that has been shown to be
related to drug-induced regression of target-organ damage at cardiac level. Furthermore,
several studies have suggested that BPV is independently associated with the occurrence of
LVH and of cardiovascular and renal events [36]. Finally, BPV calculated by 24 h-ABPM
has been shown to be associated to LVH independently of mean BP values [37].

In another study, after a follow-up period of 7 years, baseline BPV was found to contribute
to the development of cardiovascular complications, particularly LVH [38]. Daytime systolic
BPV estimated by SD obtained from 24 h-ABPM has been found to be associated with
increased vascular damage and LVH in over 700 subjects with normotension or hypertension
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of different degrees of severity [39]. Therefore, BPV reduction has been suggested as an
additional target in the treatment of cardiovascular diseases [40].

Evidence obtained from meta-analyses and controlled clinical trials has shown that various
classes of antihypertensive drugs differ in their ability to control excessive BP fluctuations,
with a heterogeneous impact in the prevention of cardiovascular events [40]. CCBs seem
to be more effective than other drugs in BP lowering [41], and amlodipine in particular
seems to be even more effective than other CCBs in reduction of short-term and long-term
BPV [42]. More specifically, in the ASCOTBPLA trial [27], the SBP SD was lower in the
amlodipine group than in the atenolol group at all the follow-up visits, due to lower intra
visit-to-visit variability. In addition, short-term BPV, intra-visit and 24 h-ABPM variability
in SBP was also lower in the amlodipine group than in the atenolol group. When compared
with baseline values, while BPV was reduced in the amlodipine group, atenolol treatment
was associated with opposite effects. Interestingly, the amlodipine group showed a lower
risk of stroke and coronary events with respect to subjects assigned to atenolol treatment, but
this beneficial effect was abolished after adjustment for intra-individual BPV [43].

Webb et al. also reviewed the effect of different classes of antihypertensive drugs on BPV
in clinical trials [44]. BPV was effectively reduced by CCBs, while drugs acting on the
RAAS, thiazide-type diuretics (e.g. indapamide), and p-blockers were the least effective
and showed neutral effects in comparison with placebo. We speculate that the significant
reduction in BPV observed with TFC compared with FTC therapy is probably due to the
higher prevalence of patients taking amlodipine in the TFC group (100% vs. 70%).

5. Study Limitations

Our study was monocentric and limited by its modest cohort size and open-label
administration of medications. In addition, the FCT combination was different from the
single-pill tested in the TFC group. A large-scale study will be necessary to confirm the
effect on LVMI and LVH of the TFC therapy we tested vs. a free-combination therapy.

6. Conclusion

Patients with LVVH at baseline and in whom LVMI reduction has not been reached

during the antihypertensive treatment should be considered at high risk for cardiovascular
events. Therefore, they should undergo frequent and accurate clinical controls for BP. LVH
regression represents the most clinically useful intermediate end-point for the evaluation of
the efficacy and of the protective effect of antihypertensive treatment on the cardiovascular
system. Our study showed that a TFC of perindopril/indapamide/amlodipine was effective in
reducing LVMI and in regressing LVH in patients with moderate hypertension, uncontrolled
by a dual fixed-combination therapy. The effectiveness of TFC treatment was probably
related to the intrinsic properties of the drugs and to a better control of BP stability. No
major concern with TFC and FCT tolerability emerged in this study.

Finally, as recommended in the last ESC/ESH Hypertension guidelines [45], our findings
support the choice by clinicians of a fixed-dose antihypertensive drug combination in a
single-pill over a free-combination therapy to improve the cardiac organ damage.
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Table 1
Baseline characteristics.

All patients(N=184) FCT(N=92) TFC(N=92) p-value
Age (years) 60.8+12.1 61.4+118 60.1+125 NS
Men (%) 58.0 56.8 65.0 NS
Body mass index (kg/m?) 28.5+4.9 281+47 289+5.1 NS
Obesity (%) 26.1 29.3 22.6 NS

Clinic BP values
SBP (mmHg) 153.7 £ 12.6 153.2+11.8 154.6 +13.0 NS
DBP (mmHg) 945+6.0 95.1+5.3 94.0+6.7 NS
PP (mmHg) 59.2+11.2 58.1+10.3 60.6 +12.1 NS

24 h-ABPM values
24 h-SBP (mmHg) 1442 +9.7 1448 +8.9 143.6 +10.8 NS
24 h-DBP (mmHg) 86.0 £6.9 85.3+7.2 86.8+6.5 NS
24 h-PP (mmHg) 58.1+7.6 59572 56.8+8.1 NS
Daytime SBP (mmHg) 1475+9.8 1472 +9.1 148.0 £ 10.9 NS
Daytime DBP (mmHg) 91.7+6.3 924 +55 90.1+7.1 NS
Daytime PP (mmHg) 55.8+7.4 548+79 57.8+83 NS
Night-time SBP (mmHg)  129.6 + 10.0 128.9+9.3 130.5+10.5 NS
Night-time DBP (mmHg) 77.0+6.8 776+7.3 76.4+6.1 NS
Night-time PP (mmHg) ~ 562.6 + 6.3 51.3+59 541+7.2 NS
LVH (%) 70.1 68.5 1.7 NS
LVEF (%) 62.5 64.3 58.1 NS
TC (mg/dl) 198.1 +23.6 200.2 +18.3 196.8 +29.3 NS
LDL-C (mg/dl) 123.5 +23.6 1243 +21.2 122.8 +26.9 NS
HDL-C (mg/dl) 52.9+13.0 51.4+127 533+1338 NS
Triglycerides (mg/dl) 101.4 +40.2 99.7 + 335 103.4 + 46.8 NS
Glucose (mg/dl) 99.7+11.3 98.4+8.3 100.8 +14.4 NS
Creatinine (mg/dl) 1.0+0.2 1.1+01 1.0+0.3 NS
eGFR (ml/min/1,73 m?) 90.9+32.8 91.4+33.3 90.5 +33.6 NS
Potassium (mg/dl) 4.28+0.27 417+0.31 4.36+0.22 NS
Diabetes (%) 11.9 10.2 13.6 NS
Smokers (%) 19.8 17.0 20.1 NS

Page 14

24 h-ABPM: 24 h ambulatory blood pressure monitoring; DBP: diastolic blood pressure; FCT: free combination therapy; HDL-C high-density-
lipoprotein; LDL-C low-density-lipoprotein cholesterol, LVH: left ventricular hypertrophy; LVEF: left ventricular ejection fraction; PP: pulse
pressure, SBP systolic blood pressure, TFC: tripled fixed combination; TC total cholesterol. Heart rate was not different between treatment groups.
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