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Objective: The objective of this study was to compare valsartan or ramipril

addition to amlodipine + hydrochlorothiazide (HCTZ) on blood pressure (BP)

and left ventricular hypertrophy (LVH) in hypertensive diabetic patients

with LVH.

Research design and methods: 293 patients were treated with amlodipine

10 mg + HCTZ 12.5 combination and then randomized to receive valsartan

160 mg or ramipril 5 mg, in addition to the previous therapy, for 1 year.

Main outcome measures: Clinic BP was measured every month; echocardio-

graphic assessments were performed at the end of the placebo period, both

before the randomization and after 1-year of triple combination therapy.

Results: Both triple regimens similarly reduced SBP/DBP values (-13.5/10.9 mm

Hg in the valsartan group and -13.4/10.4 mm Hg in the ramipril group). Triple

combination including valsartan better reduced LVMI (-20.1%, p < 0.001),

interventricular septal thickness (IVST) (-20.3%, p < 0.001) and left ventricular

posterior wall thickness (PWT) (-16.3%, p < 0.001), compared with triple

combination including ramipril (-14%, p < 0.01; -16.2%, p < 0.001 and -9%,

p < 0.01, respectively); the difference between treatments being statistically

significant (p < 0.05). Triple combination with valsartan gave a greater

increase of E/A ratio (p < 0.05 between groups).

Conclusions: Valsartan addition to dual therapy with amlodipine + HCTZ was

more effective than ramipril addition in reducing LVH.

Keywords: amlodipine, ramipril, triple therapy, type 2 diabetes mellitus, valsartan,

ventricular hypertrophy
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1. Introduction

Left ventricular hypertrophy (LVH), a marker of cardiac end-organ damage, is
frequently found in hypertensive patients and has been recognized to predict
cardiovascular (CV) complications more strongly than other risk factor except for
advancing age [1,2]. Diabetes mellitus has been demonstrated to be an independent
stimulus for LVH that may contribute to CV events in diabetic individuals [3,4].
When hypertension is associated with diabetes, as it frequently happens, the
development of LVH is further accelerated and the risk of CV complications is
greatly enhanced [5]. Conversely, reduction of LV mass (LVM) by antihypertensive
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treatment can reduce the risk for subsequent CV diseases [6,7],
although the various antihypertensive drugs seem to differ
in their ability to regress LVH [8]. Meta-analyses of studies
evaluating the reversal of LVH with the use of different
antihypertensive agents have indicated that, despite similar
blood pressure (BP) lowering efficacy, angiotensin receptor
blockers (ARBs), angiotensin converting enzyme inhibitors
(ACE-Is) and calcium channel blockers (CCBs) are more
effective than other antihypertensive agents in reducing
LVM [9-11].
Recent hypertension treatment guidelines have strongly

supported the use of combination treatment as a means to
achieve proper BP control in high-risk patients like those
with diabetes [12,13]. In diabetic hypertensives, the combina-
tions of agents blocking the renin--angiotensin--aldosterone
system (RAAS) like ACE-Is and ARBs with CCBs or low-
dose thiazide diuretics are considered the best choice and
the combination of all three drugs is indicated as a rational
treatment option for those patients whose BP does not reach
the target values after dual combination therapy [14]. Several
clinical trials have demonstrated the greater antihypertensive
efficacy of the triple combination of an ACE-I or an ARB
with both a CCB and hydrochlorothiazide (HCTZ) as
compared with various dual combinations with a good
safety/tolerability profile [15-20]. Few data exist about the
positive effect of triple combination therapy on target organ
damage [21] and, at our knowledge, no study has compared
the effects of different triple antihypertensive regimens on
LVH in diabetic hypertensives.
Given this background, the present study was undertaken

in order to compare the effects on BP and LVH of adding
the ARB valsartan or the ACE-I ramipril to dual therapy
with amlodipine + HCTZ in hypertensive patients with
type 2 diabetes and echocardiographic evidence of LVH
inadequately controlled by dual combination therapy.

2. Patients and methods

The authors screened 351 outpatients with a history of
hypertension, diabetes and LVH who were referred to their
outpatient clinic from May 2008 to December 2010.
Patients discontinued any previous antihypertensive therapy

and entered a 2 weeks placebo period at the end of which
they were evaluated for eligibility according to the following
inclusion criteria:

. Systolic blood pressure (SBP) ‡ 150 mm Hg < 180 mm
Hg and/or diastolic blood pressure (DBP) ‡ 95 mm
Hg < 110 mm Hg

. Well-controlled type 2 diabetes mellitus (HbA1c < 7%)

. LVH defined as a LVM index (LVMI) > 134 g/m2 in
men and > 110 g/m2 in women.

The exclusion criteria were secondary hypertension, severe
hypertension (SBP > 180 mm Hg or DBP > 110 mm Hg),

hypertrophic cardiomyopathies due to etiologies other than
hypertension, history of heart failure or a LV ejection frac-
tion (LVEF) £ 50%, history of angina, stroke, transient
ischemic cerebral attack, coronary artery bypass surgery or
myocardial infarction anytime prior to visit 1, concurrent
known symptomatic arrhythmia, liver dysfunction (aspartate
aminotransferase (AST) or alanine aminotranferease (ALT)
values exceeding twofold the upper limit, creatinine
> 1.5 mg/dl, known hypersensitivity to the study drugs.
Pregnant women as well as women of childbearing potential
were excluded.

2.1 Study design
The study design is presented in Figure 2. Out of the
351 screened patients, 293 fulfilled the inclusion and exclu-
sion criteria and were admitted to a 4-week dual therapy
with amlodipine 10 mg plus HCTZ 12.5 mg. At the end of
this period the patients who achieved a BP £ 130/80 mm
Hg as well as the patients who complained troublesome
adverse events (AEs) were excluded. The patients with a
BP > 130/80 mm Hg were enrolled in the study and were ran-
domized to valsartan 160 mg or ramipril 5 mg addition to the
previous therapy according to a double blind, parallel arm
study design for 1 year. All study drugs were administered
once daily at the same hour in the morning (approximately
at 08:00 h). All medications were identical in appearance
(same size, taste and color). After the first 4 weeks of triple
therapy valsartan or ramipril doses were doubled in the
patients whose BP was yet > 130/80 mm Hg. The patients
were checked every 4 weeks and BP was measured at each visit
with a calibrated sphygmomanometer and the appropriate
cuff size. The mean of three sitting BP measurements was
used as the average sitting office BP.

The study was performed in accordance with the 1994
Declaration of Helsinki and the Code of Good Clinical
Practice and its amendments and all patients gave written
informed consent to participate in the study. The protocol
was approved by the ethics committee of the University
of Pavia.

2.2 Assessment
The echocardiographic assessment as well as the laboratory
evaluations were performed at the end of the placebo period
to evaluate the eligibility, at the end of the dual combination
therapy immediately before the randomization, and at the end
of the year of triple therapy.

BP measurements were obtained from each patient (left
arm) in the sitting position by physicians blinded to
treatment using a standard mercury sphygmomanometer
(Erkameter 3000; ERKA, Bad Tolz, Germany) (Korotkoff I
and V) with a cuff of appropriate size. BP has been always
measured in the morning before daily drug intake (i.e., at
trough 22 -- 24 h after dosing) and after the subject has rested
10 min in a quiet room. Three successive BP readings were
obtained at 1-min interval and averaged. Heart rate (HR)
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was measured by pulse palpation for 30 s just before the BP
measurements. Patients’ body weights were measured with
light clothes and without shoes and body mass index (BMI)
was calculated as the weight in kg divided by height in m2.

Blood samples were drawn in the fasting state (in the morn-
ing after a 12-h overnight fast) for evaluation of the following
laboratory parameters: fasting plasma glucose (FPG), glycated
hemoglobin (HbA1c), uric acid, total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C) and triglycerides
(TG). The authors used plasma obtained by addition of
Na2-EDTA, 1 mg/ml, and centrifuged at 3000 � g for
15 min at 4�C. Immediately after centrifugation, the plasma
samples were frozen and stored at -80�C for £ 3 months.
All measurements were performed in a central laboratory.

Plasma glucose was assayed by glucose-oxidase method
(GOD/PAP, Roche Diagnostics, Mannheim, Germany)
with intra- and interassay coefficients of variation (CsV)
of < 2% [22].

HbA1c level was measured by a high-performance liquid
chromatography (HPLC) method (DIAMAT, Bio-Rad,
Richmond, CA, USA; normal values 4.2 -- 6.2%), with
intra- and interassay CsV of < 2% (non-diabetic range,
4.0 -- 6.0%) [23].

TC and TG levels were determined using fully enzymatic
techniques [24,25] on a clinical chemistry analyzer (HITACHI
737; Hitachi, Tokyo, Japan); intra- and interassay CsV were
1.0 and 2.1 for TC measurement, and 0.9 and 2.4 for TG
measurement, respectively.

Allocated to Val/Aml/HCTZ
n = 102

Discontinued
AE n = 3

Uncontrolled BP n = 4
Hypotension n = 3

Other n = 2

Completed
n = 90

Patients assessed for eligibility
n = 351

Patients admitted to
Aml/HCTZ treatment

n = 293

Patients randomized
n = 205

• 45 not meeting echocardiographic criteria
• 5 withdrew consent
• 4 excluded due to data quality concerns
• 4 other

• 77 achieved BP130/80 mmHg
• 9 AE
• 1 withdrew consent
• 1 other

Allocated to Ram/Aml/aHCTZ
n = 103

Discontinued
AE n = 7

Uncontrolled BP n = 5
Hypotension n = 1

Other n = 2

Completed
n = 88

Figure 1. Flow diagram of the study.

Triple therapy in hypertensive, diabetic patients with LVH
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HDL-C level was measured after precipitation of plasma
apo B-containing lipoproteins with phosphotungstic acid,
intra- and interassay CsV were 1.0 and 1.9, respectively [26].

2.3 Ecocardiography
Transthoracic echocardiographic assessment was performed by
physicians blinded to treatment with the patient in the left
lateral decubitus position, using an ultrasound machine with
a 2- to 4-MHz transducer. Echocardiograms were obtained in
a standard manner using standard parasternal, short axis and
apical views. Doppler recordings were obtained using a phase-
array echo-Doppler system. Measurements were made with a
computerized review station equipped with digitizing tablet
and monitor screen overlay for calibration and measurement
performance. The LVM was calculated according to the previ-
ous study of Devereux et al. [27]. The LVM was divided by
body surface area to calculate the LVMI. Pulsed Doppler
recordings were made from the standard apical four-
chamber view. Mitral inflow velocity was recorded with the
sample volume at the mitral annulus level; the average of the
three or more cardiac cycles was taken. The following measure-
ments were made: peak velocity of early ventricular filling (E),
peak velocity of late ventricular filling (A) and their ratio (E/A).

2.4 Statistical analysis
Data were expressed as mean ± standard deviation (SD). The
statistical analysis of the data was performed by the statistical
analysis software (SAS) system, version 6.12 (SAS Institute,
Inc., Cary, NC, USA). The differences between the two groups
in baseline characteristics were analyzed by the two-tailed
Student’s t-test. Comparisons within and between groups
were assessed by a two-way analysis of variance (ANOVA) for
repeated measurements. Differences between baseline and after
12-months’ treatment in each group in BP and echocardio-
graphic determinations were analyzed with theWilcoxon signed
rank test. Comparisons of changes in BP and echocardiographic
determinations between the two groups were performed with
the Mann--Whitney U-test. Findings of p < 0.05 were consid-
ered significant. Considering as clinically significant a difference
of at least 10% compared with the baseline and an alpha error of
0.05, the actual sample size was adequate to obtain a power
higher than 0.80 for all measured variables.

3. Results

Out of 351 hypertensive patients with type 2 diabetes and
LVH screened for eligibility, 293 were admitted to treatment
with amlodipine 10 mg + HCTZ 12.5 mg (Figure 1). Forty-
five patients were excluded because they did not meet the
inclusion/exclusion criteria, 5 patients refused consent,
4 patients excluded to date quality concerns and 4 were lost
at follow-up. After 4 weeks of dual combination therapy,
77 patients achieved goal BP levels (BP < 130/80 mm Hg),
9 patients complained of troublesome AEs, 1 withdrew
consent and 1 was lost at follow-up. A total of 205 patients

with BP > 130/80 mm Hg were randomized to receive valsar-
tan 160 mg (n = 102) or ramipril 5 mg (n = 103) in addition
to amlodipine + HCTZ. Their baseline demographic and
clinic characteristics are shown in Table 1. Patients were well
matched and similar with regard to all the analyzed pre-
treatment parameters. In the valsartan group, 12 patients dis-
continued the treatment, 3 because of AEs, 4 because of
uncontrolled BP, 3 because of hypotension and 2 were lost
at follow-up. In the ramipril group, 15 patients discontinued
the treatment, 7 because of AEs, 5 because of uncontrolled
BP, 1 because of hypotension and 2 were lost at follow-up.
The demographic and clinic characteristics of patients who
dropped-out were similar in the two treatment groups.
A total of 178 patients, 90 in the valsartan group and 88 in
the ramipril group, completed the study.

The BP results after 1 year of triple therapy are shown
in Table 2. Both valsartan + amlodipine + HCTZ and
ramipril + amlodipine + HCTZ produced significant reduc-
tions in SBP and DBP values with no significant difference
between the two regimens. At the end of follow-up, SBP
was reduced by 13.5 mm Hg in the valsartan group and by
13.4 mm Hg in the ramipril group (both p < 0.01 vs
pre-randomization values). Corresponding changes for
DBP were -10.9 and -10.4 mm Hg, respectively (both
p < 0.01). Table 3 shows all of the interim BP values
throughout the study: both triple regimens provided a simi-
lar reduction in SBP/DBP values, which was already evident
after 4 weeks of treatment and was progressively more pro-
nounced over time. No significant difference in SBP/DBP
changes induced by both regimens was observed at any
time of the study. HR showed no significant change with
either treatment (Table 2).

Echocardiographic findings are given in Table 4. In the
valsartan group, the LVMI was significantly decreased after
1 year versus the corresponding baseline value (-20.1%,
p < 0.001). Interventricular septal thickness (IVST) in dias-
tole was also significantly reduced (-20.3%, p < 0.001 vs
baseline) as was posterior wall thickness (PWT) in diastole
(-16.3%, p < 0.001 vs baseline). Also in the ramipril group,
LVMI was significantly reduced (-14%, p < 0.01 vs baseline)
as were IVST (-16.2%, p < 0.001 vs baseline) and PWT
(-9%, p < 0.01 vs baseline), but such reductions were all sig-
nificantly less pronounced as compared with those observed
in the valsartan group (p < 0.05 for each measurement).
Both triple regimens significantly increased E/A ratio com-
pared with baseline, but again such an increase was more
marked in the valsartan (+18.9%, p < 0.01 vs baseline)
than in the ramipril group (+11.1%, p < 0.05 vs baseline),
the difference between the two treatments being statistically
significant (p < 0.05). Ejection fraction was not significantly
modified by either regimen.

As shown in Table 2, there were no significant changes in
FPG and HbA1c during the treatment period with either
regimen. Similarly, no significant changes in plasma levels of
TC, HDL-C, TG, uric acid and creatinine were observed.
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No patient required substantial changes in hypoglycemic ther-
apy throughout the study.

A total of 13 AEs was reported in the valsartan group and
30 in the ramipril group, with no statistical difference between
the two triple regimens (Table 5). Ankle edema was reported as

the AE with the highest frequency in the valsartan group, while
cough was the most frequent AE in the ramipril group, fol-
lowed by ankle edema, fatigue and palpitation. The majority
of AEs were mild to moderate in intensity. Ten patients with-
drew from the study, because of AEs, 3 in the valsartan group

-2

Week

Amlodipine + HCTZ 
     10 mg      12.5 mg

Placebo

0 4 8

+ Valsartan160 mg

+ Ramipril 5 mg

+ Valsartan 320 mg

56

+ Ramipril 10 mg

Figure 2. Study design.

Table 1. Baseline demographic and clinic characteristics of the studied population.

Admitted to dual therapy Randomized to triple therapy

Aml/HCTZ (n = 293) Val/Aml/HCTZ (n = 102) Ram/Aml/HCTZ (n = 103)

Age (year) 62 ± 9 62 ± 9 62 ± 9
Gender (M/F) 165/128 57/45 52/50
BMI (kg/m2) 27.4 ± 3.8 27.5 ± 3.4 27.2 ± 3.2
SBP (mm Hg) 158.2 ± 13.3 143.2 ± 11.1 142.8 ± 10.8
DBP (mm Hg) 99.3 ± 9.1 87.5 ± 5.8 86.9 ± 6.1
HR (beats/min) 74.6 ± 10.2 77.4 ± 9.9 77.2 ± 10.1
FPG (mg/dl) 128.8 ± 26.1 127.2 ± 25.5 126.9 ± 26.7
HbA1c (%) 6.2 ± 0.7 6.1 ± 0.7 6.3 ± 0.7
TC (mg/dl) 202 ± 33 205 ± 35 204 ± 31
HDL-C (mg/dl) 44 ± 5 43 ± 4 44 ± 5
TG (mg/dl) 151 ± 88 153 ± 92 155 ± 87
Uric acid (mg/dl) 5.5 ± 1.3 5.6 ± 1.1 5.7 ± 1.2
Serum creatinine (mg/dl) 0.95 ± 0.16 0.93 ± 0.14 0.94 ± 0.15
Smokers n (%) 65 (22.2) 22 (21.6) 21 (20.4)

Data are expressed as mean ± SD.

For HbA1c to convert from % p < 0.01 vs before to mmol/mol apply the following formula: [HbA1c (%) -- 2.15] � 10.929.

For FPG to convert from mg/dl to mmol/l multiply by 0.055; for TC and HDL-C to convert from mg/dl to mmol/l multiply by 0.0259; for TG to convert from mg/dl

to mmol/l multiply by 0.0113; for creatinine to convert from mg/dl to µmol/l multiply by 76.26; for uric acid to convert from mg/dl to µmol/l multiply by 59.48.

Aml: Amlodipine; BMI: Body mass index; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose; HbA1c: Glycated hemoglobin; HCTZ: Hydrochlorothiazide;

HDL-C: High-density lipoprotein cholesterol; HR: Heart rate; Ram: ramipril; SBP: Systolic blood pressure; SD: Standard deviation; TC: Total cholesterol;

TG: Triglycerides; Val: Valsartan.
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(2 due to edema and 1 due to dizziness) and 7 in the ramipril
group (4 due to cough, 2 due to edema and 1 due to rash and
skin eruptions). No severe AE was observed.

4. Discussion

Large clinical trials have shown that most patients with hyper-
tension and diabetes require two or more antihypertensive
drugs to achieve the recommended BP goal of < 130/80 mm

Hg [28,29]. According to these observations, in the present study
about 70% of hypertensive patients with type 2 diabetes were
not adequately controlled by dual therapy with amlodipine
10 mg + HCTZ 12.5 mg and required triple combination ther-
apy. In these patients, adding both valsartan and ramipril to
previous dual combination resulted in statistically and clinically
significant reduction in BP values, which confirm previous
findings [15-20]. The greater antihypertensive effect of both triple
combinations was accompanied by a good safety and tolerabil-
ity profile. In particular, no adverse influence was observed on
glucose and lipid metabolism and no serious side effects
occurred. These findings indicate that these triple combinations
represent a useful and safe therapeutic option for treating
diabetic hypertensives whose BP remains uncontrolled after
dual-combination therapy.

As regards the main objective of the present study, that is
the effect on LVH, both triple regimens produced a signifi-
cant reduction of LVH, as demonstrated by the decrease in
LVMI, IVST and PWT. However, the reduction in such
parameters was significantly greater in the valsartan than in
the ramipril group. From a functional point of view, both tri-
ple regimens significantly increased the E/A ratio without
affecting systolic LV function parameters, but E/A ratio
increased more in the valsartan than in the ramipril group,
which suggests a greater improvement of diastolic LV func-
tion with valsartan. These findings are in agreement with
some previous observations [11,21], but not with other studies
showing no difference between ACE-I and ARBs [30-33] in
their effect on LVH. Such discrepancies among different stud-
ies might be due to multiple factors including differences in
characteristics of the studied population, baseline degree and
type of LVH, experimental designs and duration of follow-up.

In the present study, the different effects of valsartan- and
ramipril-based triple combinations on LVH was independent
of the reduction of BP values, which was similar with the two
regimens at any time of the study. One possible explanation
for such a difference might be related to the peculiar effect of
the hyperglycemic milieu in the diabetic heart. Enhanced acti-
vity of the tissue RAAS, including hyperglycemia-induced
increase in Ang II [34,35] and upregulation of myocardial
AT1 receptors [36], have been described in diabetes. Due to
the pivotal role of Ang II in promoting cell growth and prolif-
eration, augmented stimulation of AT1 receptors by Ang II in a
hyperglycemic environment may greatly contribute to myocyte
hypertrophy in the diabetic patients [8,37]. Although both
ACE-I and ARBs target the RAAS, their different sites of action
produce different effects on RAAS components [38]. Despite
ACE inhibition, a considerable amount of Ang II seems to be
left particularly in the heart, because alternative enzyme path-
ways such as chymase contribute to the production of Ang II,
a phenomenon called angiotensin escape [39]. Another
consequence of this phenomenon may also be an incomplete
suppression of aldosterone, which is known to increase collagen
content and stimulate the development of myocardial
fibrosis [40]. Unlike ACE-Is, by inhibiting the binding of Ang

Table 2. BP values and laboratory parameters before

and after 52-week triple therapy in patients who

completed the study.

Val/Aml/HCTZ

(n = 90)

Ram/Aml/HCTZ

(n = 88)

SBP (mm Hg)
Before 142.4 ± 10.9 142.1 ± 10.8
After 128.9 ± 8.4§ 128.7 ± 8.5§

DBP (mm Hg)
Before 87.3 ± 5.7 86.9 ± 6.2
After 76.4 ± 4.4§ 76.5 ± 4.9§

HR (beats/min)
Before 77.5 ± 9.8 77.3 ± 10.1
After 75.6 ± 8.1 75.9 ± 8.6

FPG (mg/dl)
Before 127.5 ± 25.4 126.6 ± 26.2
After 127.1 ± 24.9 125.9 ± 26.7

HbA1c (%)
Before 6.1 ± 0.7 6.3 ± 0.7
After 6.1 ± 0.7 6.2 ± 0.7

Serum creatinine (mg/dl)
Before 0.93 ± 0.14 0.94 ± 0.15
After 0.93 ± 0.15 0.95 ± 0.15

TC (mg/dl)
Before 204 ± 35 205 ± 31
After 210 ± 38 211 ± 36

HDL-C (mg/dl)
Before 43 ± 4 44 ± 5
After 46 ± 7 45 ± 6

TG (mg/dl)
Before 154 ± 93 155 ± 89
After 165 ± 101 167 ± 99

Uric acid (mg/dl)
Before 5.5 ± 1.1 5.6 ± 1.2
After 5.7 ± 1.3 5.9 ± 1.5

§: p < 0.01 vs before.

Data are given as mean ± SD.

For HbA1c to convert from % to mmol/mol apply the following

formula: [HbA1c (%) -- 2.15] � 10.929.

For FPG to convert from mg/dl to mmol/l multiply by 0.055; for TC and

HDL-C to convert from mg/dl to mmol/l multiply by 0.0259; for TG to

convert from mg/dl to mmol/l multiply by 0.0113; for creatinine to

convert from mg/dl to µmol/l multiply by 76.26; for uric acid to convert

from mg/dl to µmol/l multiply by 59.48.

Aml: Amlodipine; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose;

HbA1c: Glycated hemoglobin, HCTZ: Hydrochlorothiazide; HDL-C: High-density

lipoprotein cholesterol; HR: Heart rate; Ram: Ramipril; SBP: Systolic blood pressure;

SD: Standard deviation; TC: Total cholesterol; TG: Triglycerides; Val: Valsartan.
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II to its type 1 (AT1) receptors, ARBs provide a more complete
blockade of the unfavorable actions of Ang II, including growth
factor properties and aldosterone secretion. Besides, co-
stimulation of the Ang II type 2 (AT2) receptors by ARBs
has been suggested to increase nitric oxide, thus producing
some bradykinin-like effects [41]. The different effects of
ACE-Is and ARBs on the various components of RAAS might
be more relevant in order to LVH regression in the presence of
activated RAAS system. In the present study, not only diabetes

contributed to RAAS activation, but also the co-administration
of both HCTZ and amlodipine. In fact, HCTZ is known to
produce reflex activation of the RAAS through volume deple-
tion, while amlodipine stimulates renin release by renal vasodi-
lation, natriuresis and the lowering BP itself. Hypothetically,
different pharmacokinetic interactions of ramipril and valsartan
with the other components of the triple combination might
also have played a role, but there are no specific data on
this issue.

Whether the observed different effect of triple combination
therapy including valsartan or ramipril on LVH in hyperten-
sive type 2 diabetics may have different impact on the devel-
opment of fatal and non-fatal CV events in these patients
remains to be demonstrated.

5. Conclusions

In conclusion, the present study indicated that in hypertensive
patients with type 2 diabetes and LVHnot adequately controlled
by dual combination therapy with amlodipine + HCTZ,
valsartan addition was more effective than ramipril addition in

Table 3. BP values during the study.

Admitted to dual

therapy (n = 293)

Randomized to triple therapy (n = 205)

Week -4 0 4 8 16 24 52
Valsartan

SBP 158.0 ± 13.0 143.2 ± 11.1 135.1 ± 10.2 130.3 ± 9.7 129.2 ± 9.3 129.5 ± 8.9 128.9 ± 8.4
DBP 99.2 ± 9.0 87.5 ± 5.8 83.4 ± 5.3 79.2 ± 5.0 80.3 ± 4.8 79.1 ± 4.7 76.4 ± 4.4

Ramipril
SBP 158.4 ± 13.5 142.8 ± 10.8 135.6 ± 10.0 131.9 ± 9.4 128.8 ± 8.8 129.1 ± 8.6 128.7 ± 8.5
DBP 99.5 ± 9.3 86.9 ± 6.1 83.1 ± 5.8 79.5 ± 5.4 81.3 ± 5.3 78.9 ± 5.0 76.5 ± 4.9

Data are expressed as mean ± SD.

DBP: Diastolic blood pressure; SBP: Systolic blood pressure; SD: Standard deviation.

Table 4. Echocardiographic findings before and after

52-week triple therapy in patients who completed the

study.

Val/Aml/HCTZ

(n = 90)

Ram/Aml/HCTZ

(n = 88)

LVMI (g/m2)
Before 149.3 ± 21.1 148.5 ± 22.2
After 119.2 ± 13.3§,{ 127.6 ± 16.4z

IVST (mm)
Before 12.8 ± 1.1 12.9 ± 1.2
After 10.2 ± 0.7§,{ 10.8 ± 0.9§

PWT (mm)
Before 12.2 ± 1.2 12.2 ± 1.3
After 10.2 ± 0.9§,{ 11.1 ± 1.1z

LVEDD (mm)
Before 49.6 ± 3.3 49.2 ± 3.1
After 47.9 ± 2.9 48.1 ± 2.7

Ejection fraction (%)
Before 67.8 ± 5.8 68.1 ± 6.2
After 68.1 ± 5.9 68.4 ± 6.1

E/A ratio
Before 0.79 ± 0.19 0.81 ± 0.21
After 0.94 ± 0.24z,{ 0.90 ± 0.25*

Data are given as mean ± SD.

*p < 0.05.
zp < 0.01.
§p < 0.001 vs before.
{p < 0.05 vs ramipril.

Aml: Amlodipine; HCTZ: Hydrochlorothiazide; IVST: Interventricular septal

thickness; LVEDD: Left ventricular end diastolic diameter; LVMI: Left ventricular

mass index; PWT: Posterior wall thickness; Ram: Ramipril; Val: Valsartan.

Table 5. Adverse events.

Val/Aml/HCTZ

(n = 102)

Ram/Aml/HCTZ

(n = 103)

Total events 13 30
Cough 1 16
Ankle edema 6 7
Fatigue 2 2
Palpitation 1 2
Flushing 1 1
Headache 1 1
Rash and skin eruptions 0 1
Dizziness 1 0

Patients discontinued
Cough 0 4
Edema 2 2
Rash and skin eruptions 0 1
Dizziness 1 0

Aml: Amlodipine; HCTZ: Hydrochlorothiazide; Ram: Ramipril; Val: Valsartan
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reducing LVH and improving diastolic LV function, despite
comparable hypotensive effects between the two regimens.
Such a difference might be related to a more complete blockade
of Ang II effects by the ARB in the presence of activated RAAS.
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