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Background: This study compares the effects of tel-
misartan hydrochlorothiazide (HCTZ) combination versus
nifedipine GITS on ambulatory blood pressure (BP) and
sympathetic activity, in patients with mild-to-moderate
hypertension.

Methods: One hundred twenty-four outpatients with
sitting diastolic BP �95 mm Hg and �110 mm Hg were
randomized to telmisartan 80 mg/HCTZ 12.5 mg daily
(n � 62) or nifedipine GITS 60 mg daily (n � 62) for 12
weeks, according to a prospective, open-label, blind end
point, parallel-group design. At the end of a 2-week wash-
out period and after 12 weeks of active treatment, 24-h
noninvasive ambulatory BP monitoring (ABPM) was per-
formed, clinic BP and heart rate were measured, and
plasma norepinephrine and cardiovascular responses to
mental stress induced by the color word test were assessed.

Results: Both treatments reduced ambulatory and clinic
BP. However, the drug combination had an antihyperten-
sive efficacy significantly greater than nifedipine GITS, as

shown by the 24-h (P � .001), daytime (P � .001), and
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night-time (P � .01) ambulatory BP monitoring values, as
well as by the clinic BP at trough (P � .05).The trough-
to-peak ratio was similar, but the smoothness index was
significantly higher with the combination for both systolic
and diastolic BP (P � .05). A significant increase in
plasma norepinephrine levels in resting conditions was
observed with nifedipine GITS (�20%) but not with tel-
misartan/HCTZ combination. The color word test pro-
duced a greater increase in plasma norepinephrine and
heart rate values in the patients treated with nifedipine
GITS than in those treated with the combination.

Conclusions: These results suggest that the telmisar-
tan 80 mg/HCTZ 12.5 mg combination provided a more
sustained and homogeneous BP control than nifedipine
GITS 60 mg, without producing sympathetic activation.
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H ypertension treatment guidelines acknowledge
that blood pressure (BP) in hypertensive patients
should be reduced below 140/90 mm Hg.1,2 Due

to the multifactorial nature of hypertension, simply inter-
rupting one of its pathophysiologic mechanisms by mono-
therapy is usually insufficient to control it. Actually, to
achieve target BP, more than 60% of the patients will
require combination therapy with two or more drugs.3

Combining different antihypertensive agents has the po-
tential to produce additive reduction in BP levels and
minimizing dose-dependent adverse effects and, therefore,
possibly improving patient compliance with treatment.4
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Hydrochlorothiazide (HCTZ), a benzothiazide diuretic,
by its sodium-depletion effect results in renin-angiotensin-
system (RAS) activation, which explains its beneficial
therapeutic interaction with drugs acting through blockade
of the RAS, including angiotensin II (Ang II) AT1-receptor
blockers (ARBs).5 Telmisartan is a selective nonpeptide,
substituted benzimidazole ARB, which has a prolonged
half-life, and has been demonstrated to be effective in
lowering BP values.6 The combination with HCTZ signif-
icantly increases its antihypertensive efficacy.7 The nifed-
ipine gastrointestinal therapeutic system (GITS) is a
dihydropyridine calcium channel blocker, characterized by
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a modified release mechanism that maintains a constant
plasma level of the drug during 24 h, thus allowing effec-
tive BP control while minimizing most untoward vasodi-
lator effects of nifedipine.8

Although controversial findings have been reported,9

some studies revealed that chronic treatment with different
dihydropyridine calcium channel blockers, including ni-
fedipine GITS, produced an activation of the sympathetic
nervous system,10–12 which is related to both progression
of hypertensive disease and reduction of survival in pa-
tients with cardiac anomalies.13

The purpose of the present study was to evaluate the
effects of the combination of 80 mg of telmisartan and
12.5 mg of HCTZ as compared to 60 mg of nifedipine
GITS on BP, measured in the clinic and with noninvasive
ambulatory monitoring, in the treatment of patients with
mild-to-moderate essential hypertension. The impact of
those drugs on sympathetic nervous function was also
assessed by the norepinephrine (NE) plasma levels and
cardiovascular responses to mental stress as induced by a
modified version of the color word test (CWT).

Methods
This was a prospective, randomised, open-label, blinded
end point (PROBE),14 parallel group study with two treat-
ment arms. A total of 124 outpatients entered a 2-week
washout period, after which they were considered eligible
for enrolment if they had a sitting diastolic BP �95
and �110 mm Hg. Exclusion criteria included: secondary
hypertension, myocardial infarction or cerebrovascular ac-
cident within the preceding 6 months, clinically significant
valvular heart disease, heart failure, renal or hepatic insuf-
ficiency, and known hypersensitivity to the drugs used in
the study.

The study protocol was approved by the local Ethical
Committee and informed written consent was obtained
from each patient at the time of enrollment.

At the end of an initial 2-week washout period, during
which any eventual antihypertensive drug was discontin-

Table 1. Main demographic and clinic characteris-
tics of the two treatment groups at baseline

Telmisartan/
HCTZ

Nifedipine
GITS

N 62 62
M/F 30/32 29/33
Age (y) 58.1 � 4.0 58.9 � 3.3
SBP (mm Hg) 164.1 � 7.5 162.2 � 8.3
DBP (mm Hg) 102.7 � 3.8 102.8 � 3.9
HR (beats/min) 75.4 � 6.8 75.7 � 7.4
NE (pg/mL) 260.4 � 81.6 266.2 � 86.5

DBP � diastolic blood pressure; HR � heart rate; NE � norepineph-
rine; SBP � systolic blood pressure.
ued and placebo was administered, patients fulfilling the
inclusion criteria were randomly treated with the tel-
misartan (80 mg)/HCTZ (12.5 mg) combination or nifed-
ipine GITS (60 mg), both given once daily at the same
hour in the morning (approximately at 8 AM), for 12 weeks.
A dose of 60 mg of nifedipine GITS rather than the usual
starting dose of 30 mg was chosen as the study comparison
was with a combination therapy.

Patients were checked at the end of the placebo wash-
out period and after 12 weeks of active treatment. At each
visit, 24-h ambulatory BP monitoring (ABPM) was per-
formed, using a portable, noninvasive, fully automatic BP
recorder (ICR 90207; Spacelabs Inc., Bellevue, California),
validated against intra-arterial BP measurements.15 The
recorder was set to take readings at 15-min intervals
throughout the 24-h period. Recordings were always
started at the same hour in the morning and were per-
formed throughout the 24-h period, during which patients
were allowed to follow their normal daily routine after
they left the laboratory. For each patient, the following
data relating to systolic BP, diastolic BP, and heart rate
(HR) were provided by the analysis of the recordings: 24-h
mean values, daytime (7 AM to 11 PM) mean values, night-
time (11 PM to 7 AM) mean values, and hourly mean values.
Recordings were excluded from the analysis when more
than 10% of all readings or more than one reading per hour
were missing or incorrect. At the first control, eight re-
cordings were excluded (five in the telmisartan/HCTZ
group and three in the nifedipine GITS group); recordings
were then repeated and four of them (two in the combi-
nation and two in the nifedipine GITS group) were ex-
cluded again. At the final control, three recordings were
excluded; 2 days later they were repeated after carefully
instructing patients and resulted valid.

Following the recommendations of US Food and Drug
Administration (FDA),16 the trough-to-peak (T/P) ratio,
defined as the ratio between the effect of an antihyperten-
sive agent at the end of the interval between doses (trough)
and at the time of its maximum effect (peak), was evalu-
ated in each treatment group. For each ABPM recording,
trough systolic BP and diastolic BP levels were calculated
as the average of the BP readings taken 22 to 24 h after the
dose, whereas the peak values were calculated as the
average of the hour that showed the maximal average
decrease in BP between 2 and 8 h after the dose plus the
preceding or the following hour depending on which
showed the greater decrease in BP.17 Data were averaged
(mean) for all patients. To quantify the homogeneity of the
antihypertensive effect over the 24 h, the smoothness in-
dex (SI) was also computed by dividing the average of the
24 hourly change after treatment by the corresponding
standard deviation.18 This measurement has been shown to
reflect whether treatment smoothly reduces BP throughout
a 24-h period and seems to provide a better assessment
of homogeneity of antihypertensive treatment than T/P
ratio.18

At each visit, casual BP and HR were also taken before

starting ABPM by investigators blinded to patients’ treat-



b
le

2
.

A
m

b
u
la

to
ry

b
lo

o
d

p
re

ss
u
re

m
ea

n
va

lu
es

(�
S
D

)

2
4

-h
D

a
y
ti

m
e

N
ig

h
t-

ti
m

e

N
IF

T
�

H
1

2
.5

N
IF

T
�

H
1

2
.5

N
IF

T
�

H
1

2
.5

P
(m

m
H

g
)

as
el

in
e

1
4
7
.4

�
8
.2

1
4
5
.8

�
7
.1

1
5
2
.7

�
9
.1

1
5
1
.8

�
8
.3

1
3
5
.1

�
8
.8

1
3
4
.6

�
7
.2

2
w

ee
ks

1
3
4
.8

�
6
.6

†
1
2
9
.9

�
5
.2

†¶
1
3
9
.4

�
6
.9

†
1
3
5
.1

�
5
.3

†¶
1
2
4
.2

�
6
.9

†
1
1
9
.4

�
6

†§
P

(m
m

H
g
)

as
el

in
e

8
9
.1

�
4
.6

8
8
.8

�
4
.7

9
3
.1

�
4
.8

9
2
.8

�
4
.8

8
1
.2

�
5
.3

8
1
.4

�
5
.4

2
w

ee
ks

8
0
.0

�
3
.9

†
7
6
.1

�
3
.6

†¶
8
2
.6

�
4
.1

†
8
0
.1

�
3
.6

†¶
7
3
.6

�
5
.0

†
6
9
.8

�
4
.9

†‡
(b

ea
ts

/m
in

)
as

el
in

e
7
0
.2

�
5
.8

7
1
.0

�
6
.1

7
2
.9

�
6
.2

7
3
.6

�
6
.8

6
2
.7

�
5
.5

6
2
.8

�
5
.9

2
w

ee
ks

7
2
.1

�
6
.4

7
0
.2

�
6
.1

7
4
.8

�
6
.6

*
7
3
.1

�
6
.1

6
2
.9

�
5
.5

6
2
.5

�
5
.3

�
n
if
ed

ip
in

e
G

IT
S

6
0

m
g
;

T
�

H
1
2
.5

�
te

lm
is

ar
ta

n
8
0

m
g
/H

C
T
Z

1
2
.5

m
g
;

o
th

er
ab

b
re

vi
at

io
n
s

as
in

T
ab

le
1
.

P
�

.0
5

v
b
as

el
in

e
an

d
v

T
�

H
;

†
P

�
.0

0
1

v
b
as

el
in

e;
‡

P
�

.0
5

v
N

IF
;

§
P

�
.0

1
v

N
IF

;
¶

P
�

.0
0
1

v
N

IF
.

579AJH–May 2005–VOL. 18, NO. 5, PART 1 TELMISARTAN/HCTZ VERSUS NIFEDIPINE GITS IN HYPERTENSION
ment. Casual BP was measured by using a standard
mercury sphygmomanometer (Korotkoff I–V) after the
patient was seated for 10 min in a quiet room. Three
measurements, taken at 2-min intervals, were averaged
and used as the clinic BP value. The HR was measured by
pulse palpation at the level of the radial artery.

At the end of the placebo washout and after 12 weeks
of active treatment NE plasma levels were evaluated in
resting conditions and in response to mental stress induced
by the Stroop’s color word test (CWT).19 An individual is
presented with the written name of a color, which is
printed in a divergent color. The task is to name the color
of the print and not the written word. Four color words
(red, green, blue, and yellow), ordered randomly in a
10-word by 10-row design and printed on a sheet of
cardboard made for the test. The subjects were asked to
name the color of the print and to ignore the written word.
Naming the color of the prints as quickly as possible was
encouraged. A practice session established that the instruc-
tions were fully understood. Hemodynamic responses to
this mental stress test reached a steady-state within 8 to 10
min and have been shown to be reproducible.20 The NE
plasma levels, BP, and HR were measured at 5 min and
immediately before CWT, at minute 5 and 10 during CWT
and 15 min after termination of the test. Blood samples
were taken at least 20 min after we had positioned an
intravenous line in the antecubital vein and before BP
measurements. Venous blood was drawn into prechilled
tubes containing 40 �L of preservative solution composed
of 95 mg of EDTA and 60 mg of glutathione in 10 mL of
water adjusted to pH 7.0. For determination of NE by
HPLC, the method of Remie and Zaagsma,21 as described
by Hijemdahl22 was used. The detection limit was 10
pg/mL, the recovery in plasma was 98%, and the interas-
say variability was 4%.

Adverse events spontaneously reported or elicited by
indirect questioning by investigators blinded to pa-
tients’ treatment were recorded. Treatment compliance
was assessed by counting the tablets remaining at each
visit.

Statistical Analysis

All analyses were conducted using the SAS system, ver-
sion 6.12 (SAS Institute Inc., Cary, NC). Analysis of
covariance (ANCOVA) was used to compare the changes
in the clinical variables. In addition, 95% confidence in-
tervals for pairwise differences between treatment means
were calculated. Differences in T/P ratios between treat-
ments were evaluated by nonparametric test (signed rank
test Proc UNIVARIATE), whereas the paired Student t
test was used to assess the differences in SI. Pearson
correlation coefficient was calculated to evaluate the rela-
tionship between plasma NE and age, gender, BP, HR, and
SI values. P � .05 was set as the level of clinical signif-

icance. All data are given as means � SD.T

a

S
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D
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Results
A total of 124 patients (59 men and 65 women) with a
mean age of 58.8 � 3.9 years were randomized to receive
telmisartan 80 mg/HCTZ 12.5 mg (n � 62) or nifedipine
GITS 60 mg (n � 62). Their demographic and clinic
characteristics at baseline are shown in Table 1. No sta-
tistically significant differences between groups were
found in any of the baseline characteristics. Six patients
withdrew after randomization, 4 for adverse events (1 in
the telmisartan/HCTZ group for headache, dizziness, and
nausea, 3 in the nifedipine GITS group [1 for ankle edema
and headache, 1 for ankle edema and palpitations, and 1
for headache and rush]), 1 for inadequate therapeutic re-
sponse (diastolic BP reduction �10 mm Hg), and 1 did not
return for clinic visit. One hundred eighteen patients com-
pleted the study, 60 in the telmisartan/HCTZ group and 58
in the nifedipine GITS group.

Results of 24-h ABPM, daytime and night-time systolic
BP, diastolic BP, and HR obtained during treatment with
telmisartan/HCTZ combination and nifedipine GITS are
shown in Table 2. Both treatments significantly decreased
ambulatory systolic and diastolic BP values as compared
to baseline (P � .001 v baseline for both systolic and
diastolic BP with both drugs). However, analysis for ad-
justed means showed that the mean decreases in 24-h,
daytime, and night-time systolic and diastolic BP values
obtained with the telmisartan/HCTZ combination were
significantly greater than those obtained with nifedipine
GITS (P � .001 for 24 h and daytime systolic and diastolic
BP, P � .01 for night-time systolic BP and P � .05 for
night-time diastolic BP) (Table 2).Calculation of hourly
average systolic and diastolic BP (Fig. 1) showed that both
telmisartan/HCTZ combination and nifedipine GITS

FIG. 1. Mean differences from placebo in hourly systolic blood pres-
sure (DBP) and diastolic blood pressure (DBP) values after 12-week
treatment with telmisartan/HCTZ combination and nifedipine GITS.
maintained their antihypertensive efficacy throughout the
24 h, including the hours farthest from the last drug intake,
without altering the normal circadian BP pattern.

For both treatments, the T/P ratios for systolic and
diastolic BP were greater than 0.5, with no significant
differences between telmisartan/HCTZ combination or ni-
fedipine GITS (Table 3). In contrast, the average SI of
systolic and diastolic BP were significantly greater for
telmisartan/HCTZ combination than for nifedipine GITS
(Table 3).

Ambulatory HR was not affected by treatment with
telmisartan/HCTZ combination, whereas it increased
slightly with nifedipine GITS, the difference being statis-
tically significant only for daytime values (P � .05 v
baseline and v telmisartan/HCTZ combination).

Clinic systolic BP, diastolic BP, and HR values at the
end of the washout period and after 12 weeks of treatment
are presented in Table 4. Both treatments significantly
lowered systolic and diastolic BP levels as compared to
baseline (P � .001 for both systolic and diastolic BP with
both drugs). However, the systolic and diastolic BP mean
decrements obtained with telmisartan/HCTZ combination
(�19.3/15.9 mm Hg) were significantly greater than the
corresponding decrements obtained with nifedipine GITS
(�15.3/13.7 mm Hg) (P � .05). The HR values were not
significantly modified by both treatments, although an
increasing trend was observed with nifedipine GITS.

The telmisartan/HCTZ combination did not signifi-
cantly change NE plasma levels in resting conditions,
whereas nifedipine GITS increased them (�20%, P � .05
v baseline), the difference between the treatments being
statistically significant (P � .05) (Table 4). Correlation
analysis showed no relationship between age, gender, BP,
HR, and NE absolute values, nor between age, systolic/
diastolic BP, HR, and NE changes in both treatment
groups. Similarly, no correlation was found between SI
and NE changes.

Hemodynamic and neurohormonal changes induced by
CWT before and after treatment with the two drug regi-
mens are shown in Figs. 2 and 3. Compared to placebo, the
telmisartan/HCTZ combination did not significantly mod-
ify the mean arterial pressure (MAP), HR, and NE in-
crease to mental stress, although at a lower pressor level.

Table 3. Trough/peak and smoothness index dur-
ing the different treatments

Trough/Peak
Ratio 12
Weeks

Smoothness
Index 12
Weeks

SBP (mm Hg)
NIF 0.58 � 0.40 1.55 � 0.81
T�H12.5 0.63 � 0.37 1.77 � 0.39*

DBP (mm Hg)
NIF 0.58 � 0.38 1.64 � 0.64
T�H12.5 0.60 � 0.41 1.89 � 0.49*
Abbreviations as in Table 2.
* P � .05 v nifedipine GITS.
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In contrast, the stress-induced increase in HR and, even
more, in NE levels was significantly more pronounced
after treatment with nifedipine GITS. The achieved HR
and NE values differed significantly between the two drugs
(P � .05), whereas MAP response was unaffected, al-
though at a lower pressor level. The more marked in-
creases in both HR and NE with nifedipine GITS were
evident in the first phase of CWT (at minute 5), whereas
the steady-state (minute 10) and the recovery responses
were less affected.

The side effects reported during the study are summa-
rized in Table 5. Tolerability was better for the telmisar-
tan/HCTZ combination than with nifedipine GITS, which
had an elevated frequency of ankle edema. The rate of
adverse events was 36% with nifedipine GITS and 5%
with telmisartan/HCTZ combination.

Based on counting the remaining tablets at each visit,
91% of the prescribed tablets were taken with telmisartan/
HCTZ therapy and 89% with nifedipine GITS therapy,
indicating good treatment compliance.

Discussion
The results of this study suggest that in patients with
mild-to-moderate hypertension, treatment with telmisartan
80 mg/HCTZ 12.5 mg combination or nifedipine GITS 60
mg, both administered once daily, produced a clinically
relevant reduction in ambulatory BP values without affect-
ing the normal BP circadian profile. However, the antihy-
pertensive effect was significantly greater with the
telmisartan/HCTZ combination. This was true not only
when evaluating 24-h mean values of systolic and diastolic
BP but also when daytime and night-time BP levels were
considered. The clinic BP results confirmed that the anti-
hypertensive effect of telmisartan/HCTZ combination at
the end of the dosing interval was significantly greater

Table 4. Clinic blood pressure, heart rate, and
plasma noradrenaline

Mean
Values
(� SD)

Baseline
12

Weeks

NIF
SBP (mm Hg) 163 � 8 147 � 6†
DBP (mm Hg) 102 � 3 89 � 3†
HR (beats/min) 75 � 7 77 � 7

Noradrenaline (pg/mL) 266 � 86 319 � 97‡
T�H12.5

SBP (mm Hg) 164 � 7 144 � 4*†
DBP (mm Hg) 102 � 3 86 � 3*†
HR (beats/min) 75 � 6 74 � 7

Noradrenaline (pg/mL) 260 � 81 263 � 91*

Abbreviations as in Tables 1 and 2.
* P � .05 v nifedipine GITS; † P � .001 v baseline; ‡ P � .05 v

baseline.
than that of nifedipine GITS.
When evaluating the duration and the homogeneity of
the hypotensive action during 24 h, the T/P ratios for
systolic and diastolic BP obtained with the telmisartan/
HCTZ combination and with nifedipine GITS, both ad-
ministered once daily, fulfilled the FDA guidelines (T/P
ratio �50%), with no significant difference between the
two treatments. The observed T/P ratios indicate that the
antihypertensive effect of both regimens was sustained
during the entire 24-h period and render them suitable for
once daily administration. The SI has been suggested to
provide different information than the T/P ratio, as it is a
measure of the homogeneity of the antihypertensive effect,
whereas the T/P ratio is exclusively an index of the dura-
tion of the effect.18 In the present study, the SI showed
higher values for the telmisartan/HCTZ combination than
for nifedipine GITS’ the difference between the two treat-
ments being statistically significant. These findings sug-
gest that the combination provided a more homogeneous
hypotensive action. One possible explanation for such a
difference might be that sympathetic activation occurring
on awaking might be exacerbated by nifedipine GITS but
not by the telmisartan/HCTZ combination. The better ca-
pability of telmisartan/HCTZ combination to limit BP
fluctuations as compared to nifedipine GITS, as indicated
by more favorable SI values, may be of clinical impor-
tance given the reported correlation between BP variabil-
ity and target organ damage.23

Treatment with telmisartan/HCTZ combination did not
significantly affect ambulatory or clinic HR values,
whereas nifedipine GITS slighty increased them, particu-
larly during daytime, when the difference between the two
regimens was statistically significant. This may be of
clinical relevance, as higher HR values have been associ-
ated with a worse prognosis in terms of cardiovascular
mortality and morbidity.24

Treatment with nifedipine GITS produced a significant
increase in plasma NE levels in resting conditions,
whereas the telmisartan/HCTZ combination did not affect

FIG. 2. Mean differences from placebo in mean arterial pressure
(MAP) and heart rate (HR) response to mental stress induced by the

color word test (CWT) after 12-week treatment with telmisartan/
HCTZ combination and nifedipine GITS.
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the levels. Because sympathetic activity is comparatively
low under resting, unstressed conditions, it is of interest to
include a stimulus to increase sympathetic activity, when
interactions between antihypertensive treatment and the
autonomic nervous system are being studied. We chose
mental stress induced by CWT, which activates the sym-
pathetic nervous system and is relevant for the everyday
life. In humans, mental stress induces a defense reaction-
like hemodynamic and neurohormonal response, with in-
creases of HR, MAP, and NE levels, indicating increased
sympathoadrenal activity.25 In the present study, treatment
with the telmisartan/HCTZ combination did not modify
the MAP, HR, and NE responses to mental stress induced
by CWT, although at a lower arterial pressure level. In
contrast, treatment with nifedipine GITS amplified the HR
and even more the NE response to CWT, particularly
during the initial phases of the test, whereas the pressor
response was not affected. These findings, which suggest
that sympathetic activation occurred during chronic treat-
ment with nifedipine GITS, are in agreement with some
previous observations,11,12 but not with other studies re-
porting no sympathetic activation by this drug.26 Such a
discrepancy might be due to the differences among the
various study protocols (different characteristics of the
study populations, different dosage and duration of ther-
apy, time of blood sampling after drug administration,
number of samples for catecholamine determinations) that
make them poorly comparable. A recent article by Ruzicka
et al27 showed that the sympathetic response to treatment
with nifedipine GITS changed with age; no modification
in muscle sympathetic nerve activity (MSNA) and plasma
NE was found in older patients (56 years or more) receiv-
ing nifedipine GITS, whereas in young patients (55 years
or less) nifedipine GITS caused significant increases in

FIG. 3. Mean differences from placebo in mean norepinephrine
(NE) response to mental stress induced by the color word test
(CWT) after 12-week treatment with telmisartan/HCTZ combination
and nifedipine GITS.
MSNA and small increases in plasma NE. This has been
related to a sympathoexcitatory response that disappears
with age or is counteracted by a larger central sympatho-
inhibitory effect with aging. In the present study, we failed
to find a correlation between age and NE changes under
treatment with nifedipine GITS. However, our patients
were rather homogeneous for age and only six of them
were less than 55 years old. The use of higher dose of
nifedipine GITS in the present study (60 mg rather than
the usual 30 mg or 20 mg in the study by Ruzicka et al26)
raises a question of whether dose had anything to do with
the observed increase in NE levels. In a previous study that
we conducted on the effects of nifedipine GITS and ler-
canidipine on plasma NE,12 we titrated from a starting
dose of 30 mg to 60 mg of nifedipine GITS and we found
the same increment in NE levels. This suggests the lack of
a dose–response relationship of nifedipine GITS and NE
levels.

With regard to the effects of the telmisartan/HCTZ
combination, it is well known that Ang II modulates the
sympathetic nervous system activity with an enhanced
release of catecholamines.28 As a consequence, blocking
the specific Ang II AT1 receptors by ARBs should lead to
a decrease in NE release. Actually, although conclusive
data are still lacking, some experimental data suggest that
these agents are able to reduce sympathetic activation.29,30

In the present study, a hypothetical NE-lowering action of
telmisartan might have been counteracted by the opposite
effect of HCTZ, which is known to activate the sympa-
thetic nervous system31,32 with a consequent neutral effect
on plasma NE levels.

Both telmisartan/HCTZ combination and nifedipine
GITS were generally well tolerated and treatment compli-
ance was good. Discontinuations due to adverse events
were low in both treatment groups and all events consid-
ered by the investigators to be related to treatment were
classified as nonserious. However, the tolerability profile
of telmisartan/HCTZ combination seems to offer advan-
tages compared with nifedipine GITS, especially in terms
of a reduced incidence of ankle edema. Using drugs with

Table 5. Adverse events observed during active
treatment

T�H12.5
(n � 60)

NIF
(n � 58)

Ankle edema 1 (1.6%) 8 (13.8%)
Headache — 3 (5.2%)
Dizziness — 1 (1.7%)
Polyuria — 1 (1.7%)
Nausea 1 (1.6%) 1 (1.7%)
Fatigue 1 (1.6%) —
Rash erythematosus — 1 (1.7%)
Flushing — 3 (5.2%)
Palpitation — 2 (3.4%)
Pruritus — 1 (1.7%)
NIF � nifedipine GITS 60 mg; T�H12.5 � telmisartan 80 mg/HCTZ
12.5 mg.
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low side effect profiles is becoming extremely important in
treating hypertension, given the data that show poor com-
pliance rates among hypertensive patients.

In conclusion, with all the limitations due to the open-
label design of this study, our findings suggest that the
telmisartan 80 mg/HCTZ 12.5 combination led to more
effective and homogeneous BP control than nifedipine
GITS 60 mg monotherapy, with a better tolerability pro-
file. Unlike telmisartan/HCTZ combination, treatment
with nifedipine GITS produced a significant increase in
NE levels in resting conditions and a more marked HR and
NE response to mental stress induced by CWT, which
indicates increased sympathoadrenal activity. Given the
adverse pathogenetic role of sympathetic activation in
hypertension, a pharmacologic approach that allows better
BP control without increasing sympathetic activity should
be advantageous in the treatment of hypertensive patients.
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