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ABSTRACT 
Background: High incidences of cardiovascular 

events coincide with a surge in blood pressure (BP) 
that occurs in the early morning hours at the time of 
arousal. Thus, control of BP at this time of day, using 
oral fixed-dose combinations (FDCs) as required, is 
important in reducing cardiovascular risk in hyperten- 
sive patients. 

Objective: The aim of this analysis was to compare 
the antihypertensive efficacy in the early morning 
hours and tolerability of oral FDCs of telmisartard 
hydrochlorothiazide (HCTZ) (40/12.5 mg [T40/H12.5] 
and 80/12.5 mg [TS0/H12.5]) versus a low-dose FDC 
of losartan 50 mg/HCTZ 12.5 mg (L50/H12.5). 

Methods: Data from 2 similarly designed prospective, 
randomized, open-label, blinded-end point (PROBE) 
studies were pooled and analyzed. The studies were 
conducted at 72 centers across the United States, and 
70 centers in Canada, Europe (9 countries), and the 
Philippines. Adult male and female patients with mild 
to moderate essential hypertension (24-hour mean 
ambulatory diastolic BP [DBP], >85 mm Hg; seated cuff 
DBP, 90-109 mm Hg) were enrolled. Patients were 
randomly assigned to receive T40/H12.5, L50/H12.5, 
or TS0/H12.5, QD (morning) for 6 weeks. Antihyper- 
tensive efficacy was assessed using 24-hour ambulatory 
BP monitoring (ABPM) and cuff sphygmomanometry 
at trough, performed at baseline and on completion of 
active treatment. The primary end point was the re- 

duction from baseline in mean ambulatory DBP over 
the last 6 hours of the dosing interval. Secondary end 
points included other ABPM- and clinic-derived 
changes in DBP and systolic BP (SBP), and control and 
response rates (SBP response defined as 24-hour mean 
SBP <130 mm Hg and/or reduction from baseline 
_>10 mm Hg; DBP response defined as 24-hour mean 
DBP <85 mm Hg or reduction from baseline _>10 mm Hg; 
DBP control defined as 24-hour mean DBP <85 mm Hg). 
Tolerability was assessed using patient interview, spon- 
taneous reporting, and clinical evaluation. 

Results: A total of 1402 patients were enrolled 
(876 men, 525 women; mean [SD] age, 53.1 [9.9] years) 
(T40/H12.5, n = 517; L50/H12.5, n = 518; and T80/ 
H12.5, n = 367). With T40/H12.5, the mean reduction 
in last-6-hour mean ambulatory DBP was 1.8 mm Hg 
greater compared with that achieved with L50/H12.5 
(-11.3 [0.4] vs -9.4 [0.4] mm Hg; P < 0.001), and 
with T80/H12.5, the mean reduction was 2.6 mm Hg 
greater compared with that achieved with L50/H12.5 
(-12.0 [0.4] vs-9.4 [0.4] mm Hg; P < 0.001). Analysis 
of secondary end points found that greater BP reduc- 
tion occurred with T40/H12.5 and T80/H12.5 com- 
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pared with LS0/H12.5. ABPM SBP control and re- 
sponse rates were similar between the 3 groups, but 
the ABPM DBP control and response rates were sig- 
nificantly higher with T80/H12.5 compared with 
LS0/H12.5 (46.6% vs 34.0% [P < 0.002] and 69.4% 
vs 55.0% [P < 0.001], respectively). Clinic SBP and 
DBP control and response rates were higher with T40/ 
H12.5 and T80/H12.5 compared with LS0/H12.5 (SBP 
response, 80.4% and 80.8% vs 68.5% [both, P < 
0.001]; DBP response, 66.1% and 67.4% vs 54.4% 
[both, P < 0.001]; DBP control, 56.5% and 56.4% vs 
44.1% [both, P < 0.001]). The 2 most commonly 
recorded adverse events (AEs) were headache (T40/ 
H12.5, 2.9%; LS0/H12.5, 3.3%; and T80/H12.5, 
3.0%) and dizziness (1.2%, 2.1%, and 3.0%, respec- 
tively). Most AEs were mild to moderate. 

Conclusions: The results of this pooled analysis of 
2 PROBE studies in adult patients with mild to mod- 
erate essential hypertension suggest that T40/H12.5 
and T80/H12.5 conferred greater DBP and SBP control 
compared with low-dose LS0/H12.5, including during 
the last 6 hours of the dosing interval. All 3 treatments 
were well tolerated. (Clin Tber. 2005;27:1795-1805) 
Copyright © 2005 Excerpta Medica, Inc. 

Key words: hypertension, angiotensin II receptor 
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I N T R O D U C T I O N  
Hypertension remains a public health challenge, with 
prevalences of 26.6% in men and 26.1% in women in 
developed countries. 1 Data from the National Health 
and Nutrition Survey (NHNS) 2 showed that from 
1999 to 2000, only 34% of adult patients treated with 
antihypertensives achieved the target blood pressure 
(BP) values recommended in the Seventh Report of the 
Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure 
(JNC 7) (<140/<90 mm Hg). 3 The situation is worse 
in developing countries. 2 Although poor treatment 
compliance is assumed to explain inadequate control 
of BP, convincing empiric evidence to support this hy- 
pothesis is lacking. 4 A recently published systematic 
review of the literature found that studies of the asso- 
ciation between achieved BP and compliance found 
inconsistent results. 4 Studies have found no evidence 
of a trend in compliance in patients categorized accord- 

ing to BP. 4 However, some studies have found evidence 
of improved BP control in patients categorized accord- 
ing to compliance. 4 The 34% response rate reported in 
the NHNS 2 might suggest that a large proportion of 
individuals diagnosed with hypertension are inade- 
quately treated. Most patients require a combination of 
2 or more antihypertensive agents to achieve target BE 5,6 
Persistently elevated BP (systolic BP [SBP]/diastolic BP 
[DBP] >140/>90 mm Hg) results in an enhanced risk 
for cardiovascular events. 5,6 Thus, ineffectively treat- 
ed patients might face a risk for cardiovascular disease 
(CVD), a consequent decline in quality of life, and a 
risk for premature death. 7 

Evidence from cross-sectional 8 and longitudinal 9 
studies suggests that 24-hour mean ambulatory BP 
predicts cardiovascular risk and end-organ damage 
more accurately compared with clinic values. Ambu- 
latory BP measurement provides a way of monitoring 
the circadian changes in BP, which in -65% of indi- 
viduals is characterized by a reduction in BP at night 
and a sudden increase in the early morning at the time 
of arousaU ° A large volume of circumstantial evidence 
suggests that the early morning surge in BP is associ- 
ated with an elevated incidence of acute cardiovascu- 
lar events. 9 Convincing evidence for the relationship 
between the early morning BP surge and asymptom- 
atic cerebrovascular events such as stroke has been 
provided by Kario et al, u who observed that elderly 
(mean age, 72 years) Japanese hypertensive patients 
with the greatest early morning surge (>55 mm Hg) 
experienced a 2.6-fold higher number of such events 
compared with other patients. These findings support 
the hypothesis that control of the rapid increase in BP 
during the early morning hours could be an important 
goal in managing hypertensive patients, particularly in 
the prevention of target-organ damage and subsequent 
cardiovascular events. 

Outcomes studies have found that effective anti- 
hypertensive treatment reduces cardiovascular mor- 
bidity and mortality. For example, for a 12-mm Hg 
reduction, the number of patients with grade 1 hyper- 
tension (SBP/DBP 140-149/90-99 mm Hg) needed to 
treat ranged from 20 for patients with no other risk 
factors to 9 for patients with diabetes mellitus (DM), 
clinically manifest CVD, and/or target organ dam- 
age. 12 The mechanism of action of the antihyperten- 
sive agent may be particularly important, with two 
thirds of patients needing multiple agents targeting 
differing pressor mechanisms to achieve target BE 13 
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The use of combination therapy is endorsed in the 
JNC 7, 3 which recommends the initial use of combi- 
nation therapy in patients with SBP/DBP >20/>10 mm 
Hg above goal (stages 2 and 3 hypertension). 

Oral fixed-dose combinations (FDCs) of antihyper- 
tensive agents with different mechanisms of action pro- 
vide a number of advantages in treating hypertension, 
the main one being that BP control can be achieved with 
lower doses of each component because each compo- 
nent acts additively. 14 The lower doses in the FDC have 
been found to result in fewer adverse events (AEs) com- 
pared with a high-dose calcium channel blocker. 15 Other 
possible benefits of FDCs might include improvement in 
adherence to treatment because patients need to use 
only 1 tablet, 14 and possible lower costs of therapy. 15 

Angiotensin II plays a pivotal role in hypertension. 
Hence, an FDC containing a drug that targets the 
renin-angiotensin-aldosterone system may confer ad- 
ditional therapeutic benefit. Angiotensin II receptor 
blockers (ARBs) inhibit the binding of angiotensin II 
to the type 1 receptor associated with many of the 
detrimental effects of angiotensin II (eg, vasoconstric- 
tion, inflammation, and growth-promoting effects). 16 
ARBs have been found to provide effective and well- 
tolerated BP control in many patients. 3 In addition, 
ARBs have been found to preserve renal function and 
reduce the risk for cardiovascular events in patients 
with renal dysfunction and/or type 2 DM. 17 For the 
management of difficult-to-treat patients, FDCs con- 
taining an ARB and the diuretic hydrochlorothiazide 
(HCTZ) have been developed. 

The aim of this analysis of pooled data from 2 stud- 
ies was to compare the antihypertensive effects in the 
early morning hours and tolerability of 2 FDCs contain- 
ing the ARB telmisartan plus HCTZ with those of a low- 
dose FDC containing the ARB losartan plus HCTZ. 18,19 

MATERIALS AND METHODS 
Study Design 

The 2 multicenter, prospective, randomized, open- 
label, blinded-end point (PROBE) studies analyzed in 
this report were conducted at 72 centers across the 
United States, 18 and 70 centers in Canada, Europe 
(9 countries), and the Philippines. 19 The studies were 
of similar design, with the only differences being the 
duration of the run-in period before randomization 
and the randomization ratios. Both studies were ap- 
proved by the institutional review board at each par- 
ticipating center. 

Patient Population 
Eligible patients were adults of either gender with 

mild to moderate (stage 1 or 23) essential hypertension 
(mean sitting cuff DBP, 90-109 mm Hg; 24-hour mean 
DBP, _>85 mm Hg). Women of childbearing age were 
eligible only if they were not pregnant and were using 
an approved method of contraception. Criteria for ex- 
clusion included clinic SBP/DBP _>180/>110 mm Hg; 
secondary hypertension; severe renal or hepatic disease, 
or CVD (including recent myocardial infarction and/or 
the presence of angina); and obstructive biliary disease. 
Individuals who regularly worked between 12 and 4 AM 
were excluded because of probable differences in the 
circadian variations in their BP compared with the 
other patients. 2° All eligible patients provided written 
informed consent to participate. 

Study Medications 
Patients were first screened and, after the discon- 

tinuation of all previous antihypertensive therapy, un- 
derwent a 2 -19 or 2- to 4-week, is single-blind, placebo 
washout period. Thereafter, baseline (week 0) 24-hour 
blinded ambulatory BP monitoring (ABPM) was per- 
formed. Eligible patients were then randomly assigned 
to receive treatment with an FDC containing telmisartan 
40 mg/HCTZ 12.5 mg (T40/H12.5), losartan 50 mg/ 
HCTZ 12.5 mg (L50/H12.5), or telmisartan 80 mg/ 
HCTZ 12.5 mg (TS0/H12.5), QD (morning) for 
6 weeks. The allocation ratios were 2:2:118 and 1:1:1.19 
Patients were instructed to use the study medication at 
approximately the same time each morning through- 
out the duration of the study. No other antihyperten- 
sive treatments were permitted during the study. 

At the end of the active-treatment period (week 6), 
clinic BP and 24-hour blinded ABPM were repeated. 
On the days of clinic visits, which were scheduled in 
the morning, study medication was not administered 
until after clinic BP measurement and/or the start of 
ABPM. Treatment compliance was assessed using a 
tablet count of returned medication at each clinic visit. 

Blood Pressure Measurements 
Seated BP at trough was measured at each clinic 

visit using a cuff sphygmomanometer. Patients were 
required to rest for 5 minutes before measurement. BP 
was measured in the same arm and by the same inves- 
tigator at each visit, and the mean of 3 measurements 
was used. ABPM was performed using SpaceLabs 
monitor 90207 (Spacelabs Medical, Inc., Richmond, 

November  2005  1 797 



Clinical Therapeutics 

Washington), with recordings at 20-minute intervals 
for 24 hours, starting between 8 and 9 AM. Patients re- 
turned to the clinic 24 hours later, when the device 
was removed and BP data were collected. The mean 
values of the hourly ambulatory SBP and DBP were 
calculated for each patient. 

The primary end point was the reduction from base- 
line in mean ambulatory DBP over the last 6 hours of 
the dosing interval. Secondary end points included the 
changes from baseline in last-6-hour mean ambulato- 
ry SBP and 24-hour mean ambulatory SBP and DBP, 
ambulatory SBP and DBP control and response rates 
as previously defined by Picketing et a121 (SBP response 
defined as 24-hour mean SBP <130 mm Hg and/or re- 
duction from baseline _>10 mm Hg; DBP response de- 
fined as 24-hour mean DBP <85 mm Hg or reduction 
from baseline _>10 mm Hg; DBP control defined as 
24-hour mean DBP <85 mm Hg), changes from base- 
line in clinic SBP and DBP, and clinic SBP and DBP 
control and response rates. 

Tolerability Assessment 
The nature, incidence, severity, and relationship to 

study medication of all AEs reported by patients spon- 
taneously or in response to open questioning, or ob- 
served by the investigator, were recorded throughout 
the 2 studies. 

Statistical Analysis 
Statistical analysis was performed on the full analy- 

sis set, based on the intent-to-treat principle. The safe- 
ty population included all patients who received at 
least 1 dose of study medication. Effects of treatments 
on the primary and secondary end points were com- 
pared using analysis of covariance (ANCOVA), which 
included treatment, study, and treatment-by-study in- 
teraction, with relevant baseline value as a covariate. 
Responder rates for both ambulatory and clinic BP 
were expressed as percentages and compared using 
the Cochran-Mantel-Haenszel test, adjusted for study. 
All significance tests were performed 2 sided at the 5% 
level of significance. 

The sample size for each of the 2 studies from which 
the data were pooled had 90% power at the 5% 
(2-sided) level of significance to reject the overall null 
hypothesis of no treatment differences. 18,19 Once the 
null hypothesis was rejected, each study was suffi- 
ciently powered to detect differences between treat- 
ments. Although the higher-dose TS0/H12.5 FDC 

would be expected to produce a greater reduction in 
BP compared with T40/H12.5, the studies were not 
powered to detect a difference between T40/H12.5 
and TS0/H12.5. Calculated sample sizes were 72018 
and 450.19 

RES U LTS 
Patient Enrollment and Disposition 

In total, 1402 patients were assigned to treatment 
with T40/H12.5 (n = 517), L50/H12.5 (n = 518), or 
T80/H12.5 (n = 367). Of these, 26 (5.0%), 23 (4.4%), 
and 10 (2.7%) patients, respectively, withdrew from 
the study prematurely (Figure 1). The 2 most common 
reasons for discontinuation were AEs (11 [2.1%], 
4 [0.8%], and 3 [0.8%] patients receiving T40/H12.5, 
L50/H12.5, and TS0/H12.5, respectively) and lack of 
efficacy (1 [0.2%], 3 [0.6%], and 2 [0.5%] patients, 
respectively). Withdrawal of consent, noncompliance 
with protocol, loss to follow-up, and other reasons 
were the explanations for discontinuation in 9 (0.6%), 
7 (0.5%), 9 (0.6%), and 10 (0.7%) patients, respectively. 

Baseline Characteristics of the Study Population 
The demographic and baseline clinical characteris- 

tics of patients in the 3 treatment groups are summa- 
rized in Table I. Overall, the study population included 
876 men and 525 women, with a mean (SD) age of 
53.1 (9.9) years. The patients were predominantly 
white (76.6%). The mean (SD) body mass index of 
29.9 (5.6) kg/m 2 reflects the fact that a high propor- 
tion of patients were overweight (578 [41.3%]) or 
obese (588 [42.0%]). At baseline, 24-hour mean am- 
bulatory SBP and DBP, last-6-hour mean SBP and 
DBP, and mean clinic SBP and DBP were comparable 
between the 3 treatment groups. In both studies, me- 
dian compliance was 100%. 

Primary End Point 
The analysis of changes from baseline in last-6-hour 

mean ambulatory BP included 485, 489, and 356 pa- 
tients in the T40/H12.5, L50/H12.5, and TS0/H12.5 
groups, respectively; the remaining patients were ex- 
cluded from this analysis due to technical difficulties 
(eg, cuff shifting due to patient movement during 
ABPM). T40/H12.5, L50/H12.5, and TS0/H12.5 were 
associated with reductions from baseline in mean am- 
bulatory DBP over the last 6 hours of the dosing inter- 
val after 6 weeks' treatment (Table II). The mean (SE) 
change from baseline in last-6-hour mean ambulatory 
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Enrolled 
(N = 3041 ) 

Excluded 
(n 1639) 

T40/H 12.5 
(n = 517) 

Prematurely discontinued (n 26) 
Adverse events (n 11) 
Lack of efficacy (n = 1 ) 
Withdrawn consent (n = 7) 
Noncompliance (n 1) 
Loss to follow-up (n 2) 
Other (n = 4) 

Completed 
( n  = 491 ) 

Randomized 
(n = 1402) 

L50/H1 2.5 
(,1 = 518) 

Tg0/H 1 2.5 
(n = 367) 

Prematurely discontinued (n 23) 
Adverse events (n 4) 
Lack of-efficacy (n = 3) 
Withdrawn consent (n = 2) 
Noncompliance (n 4) 
Lossto follow-up (n 6) 
Other (n = 4) 

Completed Completed 
(n 495) (n 357) 

Prematurely discontinued (n 10) 
Adverse events (n 3) 
Lack of efficacy (n = 2) 
Withdrawn consent (n = 0) 
Noncompliance (n 2) 
Loss to follow-up (n 1 ) 
Other (n = 2) 

Figure 1. Study flow diagram. T40/H12.8 = telmisartan 40 mg/hydrochlorothiazide (HCTZ) 12.8 mg; LS0/H12.8 = 
Iosartan SO mg/HCTZ 12.S mg; T80/H12.S = telmisartan 80 mg/HCTZ 12.S mg. 

DBP (adjusted for baseline and study effects and for 
possible treatment-by-study interaction) was signifi- 

cantly greater with T40/H12.5 (-11.3 [0.4] mm Hg) 
compared with LS0/H12.5 (-9.4 [0.4] mm Hg) (differ- 
ence, -1.8 mm Hg; 95% CI, -2.9 to -0.8; P < 0.001). 
This change was also significantly greater with T80/ 
H12.5 (-12.0 [0.4] mm Hg) compared with L50/H12.5 
(difference, -2.6 mm Hg; 95% CI, -3 .7  to -1.5; P < 
0.001). Neither a study effect nor study-by-treatment 
interaction was detected on ANCOVA. 

S e c o n d a r y  End P o i n t s  

All 3 treatments were associated with reductions in 
last-6-hour mean ambulatory SBP compared with base- 
line (Table II). The mean (SE) change from baseline in 
last-6-hour mean ambulatory SBP was significantly 
greater with T40/H12.5 (-17.2 [0.5] mm Hg) corn- 
pared with L50/H12.5 (-14.6 [0.5] mm Hg) (difference, 
-2.6 mm Hg; 95% CI, -4.0 to -1.2; P < 0.001). 
The mean (SE) change found with T80/H12.5 (-18.0 
[0.6] mm Hg) also was significantly greater compared 

with that achieved with L50/H12.5 (difference, 
-3 .4  mm Hg; 95% CI, -4 .9  to -1.8;  P < 0.001). 

As with the last-6-hour mean ambulatory  DBP 
changes, ANCOVA revealed no study effects or study- 
by-treatment interaction. 

Analysis of changes from baseline in mean 24-hour 
ambulatory BP included 488, 489, and 356 patients in 
the T40/H12.5,  LS0/H12.5, and TS0/H12.5 groups, 
respectively; the remaining patients were excluded due 
to technical difficulties. All 3 treatments were associ- 
ated with reductions from baseline in 24-hour mean 
ambulatory SBP and DBP after administration for 
6 weeks (Figure 2). Adjusted mean (SE) changes from 
baseline in 24-hour mean ambulatory SBP and DBP 
were significantly greater with T40/H12.5 (-17.7 [0.5] 
and -11.1 [0.3] mm Hg, respectively) compared with 
LSO/H12.5 (-15.8 [0.5] a n d - 9 . 9  [0.3] mm Hg, re- 
spectively) (differences, 1.9 mm Hg [95% CI, -3.2 to 
-0.6] and 1.2 mm Hg [95% CI, -2.1 to -0.3],  respec- 
tively; P < 0.005 and <0.007, respectively). Adjusted 

mean (SE) changes from baseline in 24-hour mean 
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Table I. Demographic and baseline clinical characteristics of the study patients (N = 1401 [safety data set]). *13,19 

T40 /H12 .5  LS0/H12.5 T80 /H12 .5  
Parameter (n - 516) (n - 51 8) (n - 367) 

Age 
Mean (SD), y $2.8 (9.7) 
Range, y 23-81 
<6S y, no. (%) 452 (87.6) 

Sex, no  (%) 
Male 332 (64.3) 
Female 184 (35.7) 

Ethnicity, no. (%) 
White 398 (77.1) 
Black 86 (16.7) 
Mongoloid 31 (6.0) 
Data unavai lable 1 (0.2) 

Body mass index, kg/m 2 
Mean (SD) 29.9 (5.5) 
Range 1 9 $3 

24-Hour mean (SD) ambulatory BP, mean (SD), mm Hg 
SBP 149.3 (12.4) 
DBP 93.6 (6.6) 

Last 6 hour mean (SD) ambulatory BP, mean (SD), mm Hg 
SBP 143.3 (15.2) 
DBP 89.S (8.8) 

Trough sitting cuf-f BP, mean (SD), mm Hg 
SBP 1SS.0 (12.0) 
DBP 100.0 (4.6) 

$3.2 (9.7) $3.3 (10.S) 
30-79 23-88 

4S1 (87.1) 312 (85.0) 

330(63.7) 214(58.3) 
188 (36.3) 153 (41.7) 

38S (74.3) 290 (79.0) 
101 (19.S) $4 (14.7) 

31 (6.0) 23 (6.3) 
1 (0.2) 0 

30.1 (5.8) 29.6 (S.5) 
16 $7 18 SO 

149 .4 (11 .4 )  150 .2 (12 .7 )  
93.8 (6.3) 94.0 (6.6) 

143.7 14.3) 
90.0 8.8) 

1SS.2 12.2) 
99.8(4.9) 

144.7 (15.6) 
90.2 (8.9) 

156.5 (12.8) 
1 00.2 (4.9) 

T40/H12.5 - telmisartan 40 mg/hydrochlorothiazide (HCTZ) 12.5 my; LS0/H12.5 - Iosartan 50 mg/HCTZ 
telrnisartan 80 rng/HCTZ 12.5 rng; BP - blood pressure; SBP - systolic BP; DI3P - diastolic BP. 
*No significant between group differences were found. 

12.5 my; T80/H12.5 - 

ambulatory SBP and DBP were significantly greater 
with T80/H12.5 (-19.2 [0.5] and-12 .5  [0.4] mm Hg, 
respectively) compared with LS0/H12.5 (differences, 
3.4 mm Hg [95% CI, -4.8 to -2.0] and 2.6 mm Hg 
[95% CI, -2.1 to -0.3], respectively; both, P < 0.001). 
ANCOVA showed that, for both SBP and DBP, there 
were no study effects or study-by-treatment interaction. 

There were no significant differences in the rates of 
ambulatory SBP response between the groups receiv- 
ing T40/H12.5 (79.1%) or T80/H12.5 (82.3%) versus 
LSO/H12.5 (76.7%). Rates of ambulatory DBP con- 
trol and response were not significantly different be- 
tween the T40/H12.5 group (38.5% and 60.3%, 
respectively) and the LSO/H12.5 group (34.0% and 
55.0 %, respectively), whereas these rates with T80/H12.5 

(46.6% and 69.4%, respectively) were significantly 
greater compared with those found with LS0/H12.5 
(P < 0.002 and P < 0.001, respectively). 

Analysis of changes from baseline in clinic SBP and 
DBP included 510, 515, and 365 patients in the T40/ 
H12.5, L50/H12.5, and T80/H12.5 groups, respective- 
ly. Trough clinic SBP and DBP changes from baseline 
were significantly greater with T40/H12.5 (-16.8 [0.6] 
and -11.3 [0.4] rrml Hg, respectively) and TS0/H12.5 
(-18.5 [0.7] and -12.3 [0.4] mm Hg, respectively) corn- 
pared with L50/H12.5 (-14.0 [0.6] and-8.7 [0.4] rrml Hg, 
respectively) (all, P < 0.001) (Figure 3). 

Analysis of changes from baseline in clinic SBP and 
DBP included 510, 515, and 365 patients in the T40/ 
H12.5, LS0/H12.5, and TS0/H12.5 groups, respec- 

1800 Volume 27 Number 11 



Y. Lacourci&re et al. 

Table II. Changes from baseline in mean ambulatory blood pressure (BP) over the last 6 hours of the dosing 
interval after 6 weeks of  treatment with an oral fixed-dose combination of telmisartan or Iosartan plus 
hydrochlorothiazide (HCTZ)in patients with mild to moderate essential hypertension, ls,19 

T40/H12.S LS0/H12.S TS0/H12.S 
Parameter (n - 485) (n - 489) (n - 356) 

SBP 
Observed last 6 hour mean ambulatory BP, mean (SD), mm Hg 

Baseline (week 0)* 
End of  treatment (week 6) 

Adjustedt change from baseline, mean (SE), mm Hg 
Difference versus LS0/H12.5, mm Hg 
95% CI 
P versus LS0/H12.5 

DBP 
Observed last 6 hour mean ambulatory BP, mean (SD), mm Hg 

Baseline (week 0)* 
End of  treatment (week 6) 

Adjustedt change from baseline, mean (SE), mm Hg 
Difference versus LS0/H12.5, mm Hg 
95% CI 
P versus LS0/H12.5 

143.2 (15.0) 143.6 (14.1) 144.6 (15.6) 
126.3 (14.2) 129.1 (14.0) 126.3 (14.8) 

17.2 (0.5) 14.6 (0.5) 18.0 (0.6) 
-2.6 -3.4 

4.0 to 1.2 4.9 to 1.8 
<0.001 <0.001 

89.3 (8.4) 90.0 (8.8) 90.2 (8.9) 
78.2 (9.8) 80.S (9.3) 78.8 (9.0) 
11.3 (0.4) 9.4 (0.4) 12.0 (0.4) 

-1.8 -2.6 
2.9 to 0.8 3.7 to 1.S 

<0.001 <0.001 

T40/H12+5 - telmisartan 40 mg/HC~ 12+5 mg; LS0/H12.5 - Iosartan 50 mg/HCTZ 12.5 mg; T80/H12+5 - telmisartan 80 mg/ 
HCTZ 12.5 mg; SBP - systolic BP; DBP - diastolic BP. 
~Values may differ from those in Table I because some patients were excluded from this analysis due to technical difficulties (eg, 
cuffshiffing due to patient movement during ambulatory BP monitoring)+ 

fAdjusted for baseline and study effects and for possible treatment-by-study interaction. 

tively. Rates of clinic SBP response were 80.4% with 
T40/H12.5,  68.5% with LS0/H12.5, and 80.8% with 
T80/H12.5.  Rates of seated cuff DBP control were 
56.5% with T40/H12.5, 44.1% with LS0/H12.5, and 
56.4% with T80/H12.5; the rates achieved with telmi- 
sartan FDCs were significantly higher compared with 
those achieved with LS0/H12.5 (both, P < 0.001). 
Rates of clinic DBP response were 66.1% with T40/ 
H12.5, 54.4% with LS0/H12.5, and 67.4% with T80/ 
H12.5. The clinic SBP and DBP response rates achieved 
with T40/H12.5 and T80/H12.5 were significantly 
higher compared with those achieved with L50/H12.5 
(all, P < 0.001) (data not shown). 

Tolerability 
The tolerability analysis included 516, 518, and 

367 patients in the T40/H12.5,  L50/H12.5, and T80/ 
H12.5 groups, respectively. Of the 1401 patients en- 
rolled and from whom tolerability data were available, 

122 (23.6%), 127 (24.5%), and 76 (20.7%) patients 

in the T40/H12.5, L50/H12.5, and TS0/H12.5 groups, 

respectively, experienced 1 or more AEs. AEs consid- 
ered by the investigators to be drug related occurred 
in 33 (6.4%), 18 (3.5%), and 23 (6.3%) patients in 
the T40/H12.5,  LS0/H12.5, and TS0/H12.5 groups, 
respectively. The most commonly reported (experi- 
enced by _>3% of patients in any treatment group) AEs 
were headache and dizziness. Headache occurred in 
15 (2.9%), 17 (3.3%), and 11 (3.0%) patients treated 
with T40/H12.5,  LSO/H12.5, and TS0/H12.5,  respec- 
tively; the differences between T40/H12.5 and T80/ 
H12.5 versus L50/H12.5 were not significant. Dizziness 
was reported by 6 (1.2%), 11 (2.1%), and 11 (3.0%) 
patients receiving T40/H12.5,  LS0/H12.5, and T80/ 
H12.5, respectively; the differences between T40/H12.5 
and TS0/H12.5 versus LS0/H12.5 were not signifi- 
cant. Eight patients experienced 1 or more serious AEs 
during active treatment: T40/H12.5,  1 (0.2%) patient; 
L50/H12.5, 5 (1.0%); and TS0/H12.5, 2 (0.5%). None 

of the serious AEs were considered drug related. In the 
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Figure 2. AdJusted mean (SE) changes f rom baseline in 24-hour  mean ambu la to ry  systolic b lood pressure (SBP) 
and diastol ic b lood pressure (DBP) after 6 weeks o f  t reatment  wi th an oral f ixed-dose combinat ion  o f  
te lmisartan or  losartan plus hydrochloroth iaz ide (HC-I-Z) in patients wi th mild to moderate hyperten- 
sion. T 4 0 / H 1 2 . 5  = telmisartan 40 mg/HC]-Z 12.5 mg; LSO/H12.5 = losartan 50 mg /HCTZ 12.5 mg; 
T80 /H12 .5  = te lmisartan 80 mg /HCTZ 12.5 mg. *P < 0.005 versus LSO/H12.5; t p  < 0.007 versus 
LSO/H12.5; ~P < 0.001 versus LSO/H12.5.18,19 
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Figure 3. Mean (SE) changes f rom baseline in trough clinic systolic b lood pressure (SBP) and diastol ic b lood pres- 
sure (DBP) after 6 weeks o f  t reatment  with an oral f ixed-dose combinat ion o f te lmisar tan or  losartan plus 
hydrochlorothiazide (HC]-Z) in patients with mild to moderate essential hypertension. T40 /H12.S = 
telmisartan 40 mg/HCTZ 12.5 mg; LS0/H 12.5 = losartan S0 mg/HCTZ 12.5 mg; T 8 0 / H I  2.5 = telmisar- 
tan 80 mg/HC-l-Z 12.5 mg. *P < 0.001 versus LS0/H12.S. 18A9 
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L50/H12.5 group, 1 (0.2%) patient died after a cere- 
bral arterial aneurysm 27 days after the last dose of 
study drug was administered; the death was not con- 
sidered drug related. 

A total of 18 (1.3%) patients experienced 1 or 
more nonserious AEs that led to withdrawal from the 
studies (Figure 1); 1 (0.1%) patient discontinued dur- 
ing screening. In the T40/H12.5 group, AEs that led 
to withdrawal included gastrointestinal discomfort (3 
patients [0.6%]); a combination of headache, nausea, 
and vomiting (2 [0.4%]); weakness/fatigue (2 [0.4%]); 
increased BP (1 [0.2%]); hypotension (1 [0.2%]); and 
musculoskeletal inflammation ( 1 [0.3 % ] ). Four (0.8 % ) 
patients discontinued L50/H12.5 treatment because 
of a combination of mood changes; increases in alanine 
and aspartate aminotransferase levels; increased BP; 
and delirium, insomnia, and stress (1 patient each). In 
the T80/H12.5 group, 1 (0.3%) patient withdrew due 
to nausea; another (0.3%) due to dizziness; and a 
third (0.3%) due to cough, swelling, and edema. 

DISCUSSION 
Physicians are increasingly recognizing the importance 
of rigorous BP control, the need to attain lower BPs in 
patients at high cardiovascular risk, and the need for 
treatment with >1 antihypertensive agent in many pa- 
tients. FDC products have been found to offer thera- 
peutic and economic advantages, as well as conven- 
ience. 6 The current pooled analysis combined data from 
2 similarly designed PROBE studies of FDCs. 18,19 It has 
been found that ABPM results from double-blind, 
placebo-controlled and PROBE trials of antihyperten- 
sives are statistically comparable. 22 Although the design 
of the 2 studies was not double blind, the primary end 
point of this analysis is automatically recorded in 
PROBE studies of antihypertensives using ABPM, with 
data being directly downloaded from the monitor to a 
computer that analyzes the data to provide mean changes 
for each of the 24 hours during the recording period. 
Our pooled analysis found that in patients with mild to 
moderate essential hypertension, treatment with an 
FDC of T40/H12.5 was associated with a statistically 
greater reduction in last-6-hour mean ambulatory DBP 
(primary end point) compared with L50/H12.5. A sig- 
nificantly greater reduction was also achieved with 
T80/H12.5 compared with L50/H12.5. For patients, 
these reductions might translate into a reduced risk for 
potentially life-threatening cardiovascular and cere- 
brovascular events. The absence of any study effect or 

study-by-treatment interaction suggests that treatment 
differences were consistent across the 2 studies and that 
the pooling of data from the 2 studies was appropriate. 

To enhance adherence to the dosing regimen, pa- 
tients are typically advised to use their once-daily anti- 
hypertensive medications when they wake up in the 
morning, when the antihypertensive effects of the pre- 
vious dose are wearing off and patients might be at 
a higher risk for cardiovascular and cerebrovascular 
events. 11,23 Antihypertensive medications with a long 
(24-hour) duration of action that can control BP at 
the end of the dosing interval might provide a thera- 
peutic advantage. Telmisartan has a long tl/2 (-24 hours) 
and can overcome the pressor effects of angiotensin II 
challenge for up to 48 hours. 24 In comparison, the tl/2 
of the prodrug losartan potassium has been found to 
be 2.1 hours, and that of its active carboxylic acid metabo- 
lite, EXP3174, has been found to be 6.3 hours. 25 

A previous factorial-design study in 818 patients 
with mild to moderate hypertension 26 found that the 
mean trough SBP/DBP values were significantly lower 
after 8 weeks of treatment with T40/H12.5 or TS0/H12.5 
compared with the equivalent doses given as mono- 
therapy (differences in SBP/DBP, 14.4/12.6 and 23.9/ 
14.9 mm Hg, respectively; both, P < 0.01). The study 
also found that telmisartan ameliorated the dose-related 
decreases in serum potassium associated with HCTZ. 
Similarly, a PROBE study in 120 patients with mild to 
moderate hypertension 27 found that an FDC of L50/ 
H12.5 provided a significantly greater reduction in 
clinic and ambulatory BP compared with HCTZ 
monotherapy (P < 0.001). In the present data from 
1402 patients, the T40/H12.5 FDC was associated with 
increased BP control compared with an L50/H12.5 
FDC at the end of the 24-hour dosing interval, as 
measured by the last-6-hour mean ambulatory DBP. In 
addition, TS0/H12.5 was associated with a 2.6-mm Hg 
greater reduction in mean SBP during the last 6 hours 
of the dosing interval compared with L50/H12.5, and 
for Tg0/H12.5 the reduction was 3.4 mm Hg greater 
compared with that achieved with L50/H12.5. A limi- 
tation of this study was that no comparison was 
made of Tg0/H12.5 with a higher-dose FDC of 
losartan/HCTZ (ie, losartan 100 mg plus HCTZ 12.5 mg) 
because no such FDC was available for clinical use at 
the time of the stud> However, T40/H12.5 was con- 
sistently associated with greater reductions in BP com- 
pared with the L50/H12.5 FDC in each of the indi- 
vidual studies, 1s,19 as well as in the pooled analysis. 
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The reduction in mean SBP of >2 mm Hg is likely 
to be clinically relevant: in a meta-analysis 28 of 61 
prospective, observational studies with >12.7 person- 
years of follow-up, a reduction of 2 mm Hg was asso- 
ciated with a 7% lower risk for mortality from ischemic 
heart disease and a 10% lower risk for mortality from 
stroke. In addition, the Antihypertensive and Lipid- 
Lowering Treatment to Prevent Heart Attack Trial 
(ALLHAT) 29 found that in >24,000 patients with hyper- 
tension (SBP >140 mm Hg and/or DBP >90 mm Hg), 
the mean decrease in SBP was 3 mm Hg less with dox- 
azosin compared with chlorthalidone, and that pa- 
tients receiving doxazosin had a 25% higher risk for 
the secondary end point of combined cardiovascular 
events. 

In our study, all 3 treatments were well tolerated, 
with a low overall incidence of AEs and comparable 
incidences between each of the treatment groups. This 
observation is in agreement with a review of previous 
studies, 3° which consistently found that ARBs given as 
monotherapy or in combination with a diuretic are 
generally well-tolerated antihypertensive agents. 

C O N C L U S I O N S  
The results of this pooled analysis of 2 studies of FDCs 
in patients with mild to moderate hypertension sug- 
gest that the T40/H12.5 and T80/H12.5 FDCs pro- 
vided statistically greater BP reductions compared with 
low-dose L50/H12.5, in particular during the last 
6 hours of the dosing interval. All 3 treatments were 
well tolerated. 
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