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Effects of Monotherapy and Combination
Therapy on Blood Pressure Control and
Target Organ Damage: A Randomized
Prospective Intervention Study in a Large
Population of Hypertensive Patients

Michele Adolfo Tedesco, MD, PhD; Francesco Natale, MD; Raffaele Calabro, MD

This prospective, randomized trial evaluated the
effect of monotherapy and different combina-
tion therapies on cardiovascular target organ
damage and metabolic profile in 520 byperten-
sive patients. Patients were allocated to a single
agent: carvedilol 25 mg, amlodipine 10 mg,
enalapril 20 mg, or losartan 50 mg (groups C,

A, E, and L, respectively). After 2 months (level
2), nonresponders received a low-dose thiazide
diuretic, and after 4 months (level 3), amlodipine
(groups E, C, and L) and carvedilol (group A).
Twenty-four-hour blood pressure was significantly
lowered in all treatment groups. Blood pressure
control was more pronounced in patients receiv-
ing two or three drugs. At the end of the study,
the carotid intima—media thickness decreased in
group L (P<.01), left ventricular mass index in
groups E and L (P<.05 and P<.001, respectively),
with a concomitant reduction in cholesterol in
group L (P<.03). Diastolic function improved sig-
nificantly in group L (P<.05). This study describes
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the need to control blood pressure with two or
more drugs in most hypertensive patients and
illustrates good clinical outcomes, independent
of blood pressure lowering, using combination
therapy with losartan, low-dose thiazide, and
amlodipine. (] Clin Hypertens. 2006;8:634-641)
©2006 Le Jacq

here is a well-known relationship between

increasing blood pressure (BP) and increasing
cardiovascular (CV) morbidity and mortality.!
Hypertension trials have emphasized that good BP
control is of paramount importance in ensuring
optimal prevention of adverse CV events such as
strokes and myocardial infarctions. Moreover, it
is well documented that only one third of hyper-
tensive patients have BP values <140/90 mm Hg.?
Part of the reason for this is that a single antihy-
pertensive agent normalizes BP in almost 40% of
hypertensive patients.* As suggested by treatment
guidelines to achieve recommended BP goals, it is
often necessary to combine 2 or more antihyper-
tensive agents.’ Appropriate combination antihy-
pertensive therapy may have a number of advan-
tages, including improved efficacy, tolerability,
and sometimes reduced target organ damage.® Few
studies are available to guide which combination
of antihypertensive drugs should be used. In par-
ticular, no comparative data suggest when a third
drug should be added. The benefit of BP reduction
depends not only on the severity of hypertension,
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but on the global CV risk.” “The lower the pres-
sure, the better” is particularly true for patients
at high CV risk, in whom the benefit of reducing
hypertension complications, such as target organ
damage, is largest.® Structural and functional
changes in the left ventricle and arterial walls are
common in hypertension, such as left ventricular
hypertrophy (LVH) and high carotid intima-media
thickness (IMT) and plaques.” This suggests that
in addition to BP control, management of these
factors might be necessary for optimal reduction
of CV events.!?

The primary objective of this study was to eval-
uate the efficacy and tolerability of monotherapy
and, in the absence of satisfactory BP control, of
double and triple antihypertensive combination
therapies in a large population of hypertensive
patients. We also examined the benefit in reduced
CV target organ damage without adverse impact
on glycemic and lipid control.!-12

METHODS

Study Population

The study was a prospective, randomized, interven-
tion trial performed on 560 consecutive Caucasian
patients (301 men; mean age, 5411 years; range,
29-90 years) with uncomplicated essential hyper-
tension (systolic BP [SBP] 155-169 mm Hg and
diastolic BP 95-109 mm Hg) who were referred
to our outpatient clinic. All subjects received a
full history and a complete physical examination.
Conventional BP readings were used as the basis to
screen potential subjects who could enter the study,
and 24-hour ambulatory BP monitoring (ABPM)
was used to confirm (as described below) the eli-
gibility of patients for randomization. The clinical
diagnosis of hypertension was considered when
SBP was >140 mm Hg and/or diastolic BP was >90
mm Hg on at least 3 visits and when antihyperten-
sive therapy was present. BP was measured with a
mercury sphygmomanometer with an appropriate
size rubber cuff applied around the nondominant
arm. Readings were based on Korotkoff first and
fifth phase sounds.

During each visit, 3 consecutive BP readings
were obtained with the subject in the sitting posi-
tion after a rest of at least 10 minutes. The average
of the 3 readings was used for the analyses, record-
ed to the nearest 2 mm on the scale. Measurements
were performed early in the morning and carried
out by a trained investigator. We also determined
lipid profile and fasting glucose in serum with stan-
dard laboratory methods. Patients with second-
ary hypertension, renal failure, diabetes mellitus,

congestive heart failure, atrial fibrillation, and
severe valvular heart disease were excluded from
the study. Patients with severe obesity, defined as a
body mass index 240 kg/m?, and women who were
pregnant or lactating were also excluded. None had
any evidence or history of myocardial infarction or
stroke. Each patient provided informed consent
for the study. Previously treated patients (range,
38%—-41%) who did not have BP controlled by
current medication were asked to suspend therapy
under medical supervision for at least 1 week.
Moreover, no patient received concomitant medi-
cations known to affect BP or interfere with the
metabolic parameters.

Patients were randomly allocated in a 1:1 fash-
ion to start with a single agent, and 140 subjects
were recruited for each arm. The following classes
and drugs were used in the study (level 1): p-block-
er (carvedilol 25 mg once daily, group C), calcium
antagonist (amlodipine 10 mg once daily, group
A), angiotensin-converting enzyme inhibitor (enal-
april 20 mg once daily, group E), and angiotensin
IT receptor blocker (losartan 50 mg once daily,
group L). The drug doses and daily administration
were chosen as those usually employed in clinical
practice. Discontinuation depended on the efficacy
and tolerability of the first drug. If this was ineffec-
tive (fall in SBP <5 mm Hg) and/or not tolerated,
the patient was withdrawn from the study. At each
scheduled visit throughout the study, seated cuff BP
and compliance with study medication were moni-
tored and adverse events were recorded. Response
to treatment was defined as mean sitting BP values
<140/90 mm Hg or a decrease of 10/10 mm Hg in
BP from baseline. When necessary, a second (level
2) or third (level 3) BP-lowering agent (with low
dose, also as fixed dose) by a different mechanism
(stepped-care strategy) was added to lower BP to
<140/90 mm Hg. The treatment was adjusted as
described below after 2 months (level 2) with an
open-label thiazide diuretic (12.5 mg once daily).
After 4 months, nonresponders received the most
rational triple-combination therapy using amlo-
dipine in groups E, C, and L (5 mg once daily)
and carvedilol in group A (12.5 mg once daily),
according to guideline suggestions.’ The intermedi-
ate visits were planned after 12 and 16 months and
the final visit after 24 months.

All patients underwent the following instrumen-
tal procedures: 24-hour ABPM, echocardiography
with Doppler tissue imaging (DTI), and carotid
ultrasonography at baseline and at the end of
the study. We used ABPM because the technique
is now recognized as the most effective means of
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detecting white coat hypertension (average 24-
hour ABPM <130/80 mm Hg) and to confirm
the diagnosis of hypertension at baseline (average
24-hour ABPM >130/80 mm Hg) and the efficacy
of antihypertensive medications at the end of the
study.!> We used DTI because the technique is
better than conventional Doppler at detecting
hypertension-associated dysfunction.'* All echo-
cardiographic and ultrasonographic examinations
were recorded on videotape and performed by the
same experienced physician, who was blinded to
the patient’s treatment allocation.

Ambulatory BP Monitoring

To perform ABPM, we used a Spacelabs model
90207 monitor (Spacelabs Medical, Inc, Issaquah,
WA). This device employs an oscillometric method
with a deflation rate of 8 mm Hg/s. The cuff
wrapped around at least two thirds of the nondom-
inant upper arm. The device was checked against
a mercury sphygmomanometer by a Y-tube. The
patients were asked to undertake their usual activi-
ties. BP monitorings were performed over a work-
ing day. Recording began between 8:30 AM and 9
AM. The reading frequency was programmed for
every 20 minutes from 7 AM to 10 PM (daytime)
and every 30 minutes from 10 PM to 7 AM (night-
time). We chose these time intervals because the
periods corresponded closely to activity and sleep
in most subjects. When interference or error in the
reading occurred, the process was automatically
repeated after 2 minutes while retaining the pre-
established sequence. During the daytime period,
an acoustic signal before the measurement was
automatically programmed to remind the patients
to relax their arms. The ABPMs with 85% or more
likely readings were analyzed and recordings with
erroneous measurements exceeding 30% were
excluded from the analysis.

Echocardiography

The M-mode echocardiogram was performed
using 3.5-MHz phased array placed on the M-IV
left intercostal space along the parasternal line,
with patients supine, in left lateral decubitus posi-
tion, with the head of the bed kept at a 30° angle.
The end-diastolic measurements of left ventricu-
lar (LV) internal dimension, left interventricular
septum, and posterior wall thickness at the QRS
peak using the Penn convention were taken. The
LV mass was calculated according to the Devereux
formula. Patients with an LV mass index (LVMI)
>130 g/m? in men and >110 g/m? in women, based
on the upper 90th percentile from 150 apparently

healthy normotensive adults, were classified as
having LVH.

Doppler Mitral Inflow Velocities

The pulsed Doppler sample volume was placed at
the mitral valve tips and 5-10 cardiac cycles were
recorded from the apical window on super VHS
videotape at a velocity of 100 mm/s. The following
measurements of LV diastolic function were deter-
mined: E and A peak velocities (m/s) and their ratio
and E-wave deceleration time (milliseconds) by
placing a continuous-wave Doppler sample volume
between LV outflow tract and the mitral valve.

Doppler Tissue Imaging

The DTI program was set to the pulsed-wave
Doppler mode. Filters were set to exclude high-fre-
quency signals, and the Nyquist limit was adjusted
to a velocity range of 15-20 cm/s; gains were
minimized to allow for a clear tissue signal with
minimal background noise. All DTI recordings were
obtained during normal respiration. A 5-mm sample
volume was placed at the apical 4-chamber view on
the lateral corner of the mitral annulus. The result-
ing velocities were recorded for 5-10 cardiac cycles
at a sweep speed of 100 mm/s and stored on a 0.5-
inch VHS videotape for later playback and analysis.
The following measurements were determined as
indexes of myocardial function: peak myocardial
systolic velocities (cm/s), myocardial early and late
diastolic peak velocities and their ratio (cm/s), and
E-wave deceleration time.

Carotid Ultrasonography

Ultrasound examination of the carotid was per-
formed with a transducer frequency of 7.5 MHz.
Measurements involved a primary transverse and
longitudinal scanning of the common carotid
artery, bifurcation, and internal carotid. The end-
diastolic IMT of the far wall of the middle seg-
ment of both common carotid arteries, defined
by a simultaneous electrocardiographic recording,
was measured 1 cm caudal to the bulb, as the dis-
tance between the lumen—intima interface and the
media—adventitia interface.'3>'® Each measurement
was calculated by taking the average of 3 readings.
Intima-media thickening of the common carotid
arteries was defined as an average IMT 20.9 mm.
All measurements were made at a site without
plaque. The near and far walls of the carotid were
scanned longitudinally and transversely to assess
the presence of plaques. The presence of plaques
was defined as localized echo structures encroach-
ing into the vessel lumen for which the distance
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Table I. Discontinuation During the Scudy in 4 Groups at All Levels, n (%)

Grour C (N=131)

Grour A (N=130) Grour E (N=130) Grour L (N=129)

Patients who completed the trial 113 (86)
Reason for patient withdrawal
Adverse events 9 (6.9)
No blood pressure control 5(3.8)
Lost to follow-up 4(3.1)

114 (88) 118 (91) 121 (94)
9 (7.0) 5(3.7) 2 (1.6)
2 (1.6) 4 (3.1) 4 (3.2)
5 (3.8) 3 (2.3) 2 (1.6)

Table II. Clinical Characteristics of Patients Randomly Allocated to Groups at Baseline

Grour C (N=113)

Grour A (N=114) Grour E (N=118) Grour L (N=121)

Age, y 54+11
Men, % 59
Body mass index, kg/m2 29+3
Family history of hypertension, % 48
24-hour systolic blood pressure, mm Hg 15517
24-hour diastolic blood pressure, mm Hg 97+7
Heart rate, bpm 7415
Total cholesterol, mg/dL 206+34
Fasting glucose, mg/dL 93+13
Previous treatment, % 38

5510 54+10 53+11
60 59 62
29+4 28+4 29+3
50 51 50
156+18 154+17 15518
98+8 98+6 98+8
7345 75+6 74+5
207+35 205433 202+37
9511 9311 94+11
40 38 41

All data are mean + SD unless otherwise indicated. No significant differences were found among groups.

between the media—adventitia interface and inter-
nal side of the lesion was >1.3 mm or as the pres-
ence of calcification.

Statistical Analyses

Statistical analyses were carried out with GB-STAT
version 6.50 (Dynamic Microsystems, Inc, Silver
Spring, MD). Comparison among groups was per-
formed using analysis of variance plus the Bonferroni ¢
test for unpaired data. Comparisons of categoric data
were made using the Fisher exact test. Significance
was defined as P<.05. The results are expressed as
mean + SD. Kappa statistic was used to assess inter-
reader and intrareader variability for echocardio-
graphic and ultrasonographic parameters.

RESULTS

Of the 560 patients examined at the beginning of
the study, the diagnosis of hypertension was not
confirmed after the baseline 24-hour ABPM in 40
subjects because they were considered white coat
hypertensives. Of the remaining 520 patients who
were included at the baseline treatment period, 54
(10.4%) did not complete the study. Of these, 40
(7.7%) patients had adverse events and no BP con-
trol. The reasons for the withdrawals are shown in
Table 1. Clinical and laboratory characteristics of
the study population are reported in Table II. Age
and sex distribution, body mass index, family his-
tory of hypertension, 24-hour ABPM, and glucose
and serum lipids did not differ significantly among

groups. There were no significant differences in
the 4 arms regarding systolic and diastolic func-
tion indexes, the average of IMT of the common
carotid artery, and the percentage of plaques.
LVMI alone was significantly higher in groups L
and A (P<.05) (Table II). The myocardial early
and late diastolic peak velocity ratios were lower
in the 4 groups compared with standard Doppler
E/A ratios (Table III). Twenty-four-hour SBP and
diastolic BP were significantly reduced in all treat-
ment groups, and two thirds of patients were on
combination therapy (Table IV). The BP normal-
ization (24-hour BP <130/80 mm Hg) rate was
more pronounced in patients receiving 2 or 3 drugs
than in those randomized to the monotherapy
group, and at the end of the study, it was similar
in all groups (Table IV). Echocardiographic and
carotid ultrasonographic findings after 24 months
are shown in Figure 1 and Figure 2. The great-
est and most significant decrease in LVMI was
found in the 3 levels of groups E and L (P<.05 and
P<.001, respectively). At the end of the study, the
carotid IMT decreased only in group L (P<.01).
Group L also had a significant reduction in choles-
terol (-10 mg/dL; P<.03). No significant changes
in total cholesterol were observed after treatment
in the other 3 groups (group C, +1 mg/dL; group
A, -3 mg/dL; group E, +1 mg/dL; P=not signifi-
cant). Similarly, no significant changes in fasting
glucose were noted (group C, +3 mg/dL; group A,
0 mg/dL; group E, +3 mg/dL; group L, 0 mg/dL;
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Table III. Echocardiographic and Carotid Ultrasonographic Parameters of Patients Randomly Allocated to Groups at Baseline

Grour C (N=113) Grour A (N=114) Grour E (N=118) Grour L (N=121)

Left ventricular mass index, g/m2 106+25* 113423 106+21* 114425
Left ventricular hypertrophy, % 30 35 30 33

Peak velocity E wave, cm/s 69+18 66+19 69+18 65+17
Peak velocity A wave, cm/s 74+17 73+18 72+19 70+18
E/A ratio 0.99+0.38 0.97+0.41 1.02+0.40 0.99+0.36
E-wave deceleration time, ms 230+37 229+35 223433 225+38
Em, cm/s 1945 1949 1945 19+6
Am, cm/s 24+8 2715 23+7 25+15
Em/Am ratio 0.90+0.53 0.86+0.47 0.92+0.46 0.86+0.40
Carotid intima—media thickness, mm 0.73+0.18 0.74+0.18 0.73+0.17 0.74+0.16
Plaques, % 15 17 15 17

All data are mean + SD unless otherwise indicated. Em indicates early diastolic peak velocity; Am, late diastolic peak velocity.
*P<.05 vs group L and group A.

Table IV. Changes in Systolic and Diastolic Blood Pressure (BP) After 24 Months
Grour C (N=113) Grour A (N=114) Grour E (N=118)  Grour L (N=121)

24-hour systolic BB, mm Hg 13348 13249 13248 13248
24-hour diastolic BP, mm Hg 8515 866 85+5 8515
Responders with one drug, % 25 30 25 23
Responders with two drugs, % 40 50 49 50
Responders with three drugs, % 35 20 26 27

A in BP at 24 months, -22/-12 —24/-12 -22/-13 -23/-13

systolic BP/diastolic BB, mm Hg
24-hour BP <130/80 mm Hg, % 71 73 71 72

All data are mean + SD unless otherwise indicated. No significant differences were found among groups. A indicates change.

o P=not significant). There were no significant dif-
| ferences in overall diastolic parameters, assessed by
-3 1 N . . ..
5 : Doppler mitral inflow velocities, after 24 months
= . .
2 6 -5 in the four treatment strategies. On the contrary,
E 9 8 diastolic function, evaluated by TDI, was improved
:% 2 in all groups, with a small significant improvement
LI * in group L (P<.05).
- -14 . . . a1e
© The inter-reader and intrareader variability was
o T good (k>0.75). Medication compliance was ade-
Group C Group A Group E Group L . o . .
quate, with more than 90% of pills having been

Figure 1. Treatment effect on left venticular (LV) mass taken in each treatment group.

index at the end of study. *P<.01; tP<.001.
Safety Evaluation

[MIMT (mm) BE/A ratio O Em/Am ratio . During the study, approximately 25% of the

0.12 patients in each treatment group had at least 1
0.08 adverse event that was generally of mild-to-mod-
. erate intensity and did not require the cessation

o t of therapy. The most frequently reported adverse
01 events were dizziness, headache, asthenia, cough,
oos Group € Group A Group & Group L peripheral edema, and hot flushes. However, 25
(4.8%) patients withdrew from the study because

008 of adverse events. There were more patients in
Figure 2. Treatment effect on diastolic function and groups C (6.9%) and A (7.0%) who withdrew

carotid intima-media thickness (IMT) at the end of

M O,
study. Em/Am indicates ratio of early to late diastolic from t?e study Fhan in groups E (3'_7/(,)), and
velocities. *P<.05; tP<.01. L (1.6%), but differences were not significant.
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Reasons for discontinuing therapy in group C
were asthenia/fatigue (3 patients), bradycardia (3
patients), and dizziness and cold extremities (3
patients); in group A they were peripheral edema
(5 patients), headache (3 patients), and hot flushes
(1 patient); in group E they were cough (4 patients)
and dizziness (1 patient); and in group L it was diz-
ziness (2 patients).

DISCUSSION

The main findings of this study confirm that a
combined, well-tolerated antihypertensive drug
regimen is required to reach the recommended BP
goal in most hypertensive patients. The hyperten-
sion was controlled by monotherapy in only 30%
of patients. Moreover, our results have important
clinical implications since the complementary use
of agents from different classes, such as in the
losartan group on monotherapy and in combina-
tion with low-dose thiazide and amlodipine, can
provide positive CV effects by reducing LVMI and
IMT, and improving LV diastolic function. The
inclusion only of patients with confirmed hyper-
tension in our trial has been shown to minimize
the diluting effect of the white coat phenomenon in
patients receiving antihypertensive therapy.

The choice of antihypertensive classes in our
study follows the general trends in antihyperten-
sive prescriptions in Italy. Although diuretics are
recommended in all hypertension treatment guide-
lines, in our study they were not given on their own
but in combination with other drugs to improve
the BP-lowering effect and reduce the risk of an
unfavorable metabolic impact. Recent landmark
trials showed that CV events, mostly strokes, are
prevented more often in patients who take more
than 1 antihypertensive agent, in particular, when a
diuretic was the added medication at low dose.!”-18
Although compliance decreases with the number of
tablets taken daily, if more than 1 antihypertensive
is used, there may be a place for fixed-dose com-
binations. This could improve compliance through
simplicity of use. Here, compliance was good and
no significant differences were found in adverse
events among the treatment groups. Similarly, the
number of discontinuations due to adverse events
is not significantly different, but the overall rate of
discontinuation was lower in the losartan group.

Given the relationship between raised BP and
CV events, improvement of hypertension con-
trol in the population is expected to have a large
impact on CV morbidity and mortality. Why then
is BP so poorly controlled? The reasons include
disease severity, drug-related factors, and the fact

that hypertension is usually asymptomatic and
complications appear only after time. Treatment
failure may also be due to suboptimal drug ther-
apy, inappropriate or wrong dosing schedules,
or poor use of therapeutic options. All currently
available antihypertensive drugs lower BP, but the
response varies from patient to patient, in particu-
lar when combining drugs on an empirical basis.
A rational combination uses drugs with different
and complementary modes of action. It is gener-
ally believed that some drugs protect beyond BP
reduction. LVH is a common manifestation of
elevated BP, an initially useful compensatory pro-
cess to abnormal loading conditions, but it is also
the first step toward the development of overt CV
disease.!” Moreover, as recently demonstrated in
the Assessment of Prognostic Risk Observational
Survey (APROS),?° there is a positive relationship
between LVMI and carotid IMT. This is in line
with the evidence that the alterations in cardiac
structure induced by hypertension tend to proceed
with analogous alterations in the arterial wall
structure.?!*> Hemodynamic and nonhemodynam-
ic mechanisms, such as angiotensin II via angio-
tensin II type 1 receptors, can explain the increase
of IMT and cardiac hypertrophy. Recent studies
revealed that antihypertensive treatment could
reverse LVH and reduce the risk for subsequent
CV disease.2>2* However, it is well known that
even the full normalization of BP may be unable to
entirely regress LVH.>

Recent studies evaluating the reversal of LVH
with the use of different antihypertensive drugs
have indicated that angiotensin II receptor block-
ers, angiotensin-converting enzyme inhibitors, and
calcium antagonists may be more effective than
B-blockers and diuretics in reducing LV mass, and
their use is associated with fewer cases of diabetes
mellitus.?®-2° Our study confirmed these findings.
The similar reduction of the BP in the 4 groups was
not linked to the same decrease in LVMI and IMT
in all groups, but particularly in the losartan group
in monotherapy and in combination with low-dose
thiazide and amlodipine. The coadministration of
losartan and amlodipine exerted antihypertensive
and CV protective effects with a good impact on
metabolic parameters, producing a low percentage
of side effects. A slight reduction in cholesterol and
fasting glucose, as well as an improvement in dia-
stolic function detected by DTI, was also observed
in this group. It is important to emphasize this
aspect because it is well known that impaired LV
relaxation has been associated with increased CV
mortality in patients with essential hypertension.3?
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640

Moreover, the early diastolic mitral annulus veloc-
ity measured by TDI that is relatively preload and
heart rate insensitive provides prognostic infor-
mation in hypertensive patients with echocardio-
graphic evidence of LVH.3!

There are some limitations to the study, particu-
larly related to the impact that the choice of “per
protocol” analysis could have on our findings.
The view that only patients who complied with
the trial’s protocol should be considered in the
analysis leads to over-optimistic treatment effects.
Moreover, the absence of blinding in our protocol
is, in part, compensated by the investigator directly
associated with the instrumental procedures, who
was blinded to treatment. This guaranteed that
the main outcomes were unbiased. In addition, the
efficacy of different treatment groups was evaluat-
ed by ABPM. Finally, our follow-up was too short
to know what would happen after a lapse of time.

CONCLUSIONS

Recent guidelines have strongly supported the use
of combination treatment in stage 2 hyperten-
sion as a means to best achieve BP control.’>3?
In accordance with guidelines, this study informs
physicians on the need to control BP with 2 or
more drugs in most hypertensive patients and on
the positive effect on clinical outcomes, which is
independent of BP lowering, using combination
therapy involving losartan with low-dose thiazide
and amlodipine. These latter observations stress
the importance of different mechanisms of the vari-
ous antihypertensive drugs and the opportunity
of a well-considered choice before starting any
therapy. Long-term follow-up would be needed to
demonstrate the predominant role of certain com-
bination therapies.
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