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ABSTRACT
Background: Hypertensive patients with diabetes

often require combination therapy to achieve a blood
pressure (BP) goal, and evidence suggests that time to
BP goal is crucial to decrease cardiovascular risk.

Objective: The aim of the study was to investigate
hether the single-pill combination of telmisartan and
mlodipine was superior to amlodipine alone as initial
ntihypertensive therapy in patients with diabetes and
ypertension.

Methods: An 8-week, randomized, parallel-group,
double-blind international trial comparing the once-
daily single-pill combination of telmisartan 80 mg and
amlodipine 10 mg (T/A; n � 352) with once-daily am-
lodipine 10 mg (A; n � 354) in patients with type 2
diabetes mellitus and stage 1 or 2 hypertension (sys-
tolic BP [SBP] �150 mm Hg).

Results: Patient demographics were similar between
treatment groups, with an mean (SD) age of 60.5 (10.1)
years; 51.7% were male, the mean (SD) body mass index
was 32.0 (6.1) and the mean (SD) duration of hyperten-
sion was 8.8 (7.9) years. After 8 weeks (primary end
point) as well as after 1, 2, and 4 weeks (key secondary
end points), significantly greater decreases in the in-clinic
mean seated trough cuff SBP with T/A versus A were
achieved (�29.0 mm Hg vs �22.9 mm Hg at 8 weeks;
P � 0.0001). After 8 weeks, 71.4% versus 53.8% of
patients achieved the BP goal (�140/90 mm Hg) with
T/A versus A, with mean SBPs of 131.9 and 137.9 mm
Hg, respectively. Similar results were observed in the
obese (metabolic syndrome) subpopulation. The more

stringent goal (�130/80 mm Hg) was achieved by 36.4%
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and 17.9% patients in the T/A and A groups, respec-
tively. The most common adverse events were peripheral
edema, headache, and dizziness.

Conclusions: In this selected population of patients
with diabetes and hypertension, T/A provided prompt
and greater BP decreases compared with A monotherapy,
with the majority of patients achieving the BP goal
(�140/90 mm Hg). (Clin Ther. 2012;34:537–551) ©
2012 Elsevier HS Journals, Inc. All rights reserved.

Key words: hypertension, metabolic syndrome,
obesity, single-pill combination, telmisartan/amlodip-
ine, type 2 diabetes mellitus.

INTRODUCTION
Hypertension, a major risk factor for cardiovascular
(CV) and cerebrovascular morbidity and mortality,1 is a
highly prevalent disease in all age groups.2,3 Epidemio-
ogic studies and clinical trials have provided clear evi-
ence in support of rigorous control of blood pressure
BP), and national/international guidelines are in general
greement regarding their recommendations, although
ifferences do exist.4–7 However, in the United States,

Canada, and many European countries, despite clear rec-
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Clinical Therapeutics
ommended BP targets, patients remain untreated, or, if
treated, their BP is poorly controlled.5,8–11

The management of hypertension is often compli-
cated by the presence of additional CV risk factors or
comorbidities such as type 2 diabetes mellitus (T2DM)
and obesity.6 Evidence from the United Kingdom Pro-
spective Diabetes Study (UKPDS) showed that de-
creases in BP lowered the rate of diabetes-related mor-
tality and morbidity,12 and, therefore, more aggressive
BP targets have traditionally been recommended for
patients with T2DM.4,6 However, more recent trial
results have led to a reappraisal of the limited clinical
trial evidence.13 Revised European recommendations
ow state that systolic BP (SBP) should be lowered to
ell below 140 mm Hg in patients with diabetes7

rather than trying to reach the goal of �130/80 mm Hg
previously recommended. These recommendations
have been supported by the results of the ACCORD
(Action to Control Cardiovascular Risk in Diabetes)
trial.14

Although treatment for hypertension is often initi-
ated with a single agent, it is now generally accepted
that the majority of patients will require combination
therapy to reach their BP goal quickly.7 Both the time
to BP goal and the BP goal itself are considered inde-
pendent CV risk factors; therefore, fast and sustained
attainment of BP goal is of the utmost importance to
decrease CV risk. Indeed, US and European guidelines
now recommend initial combination therapy for pa-
tients whose BP is substantially higher than the goal BP
or those with lower BP targets.4,6,7 By combining drugs

ith complementary mechanisms of action, more pa-
ients may reach their BP goal earlier, which decreases
heir individual CV risk.7 Combining 2 drugs, such as

telmisartan and amlodipine with well-established 24-
hour BP efficacy15 as well as clinical evidence of CV
isk decrease independent of BP,16 should be consid-

ered in added-risk hypertensive patients, such as those
patients with diabetes, obesity, or a combination of the
2, ie, metabolic syndrome (MS).

Telmisartan, an angiotensin II receptor blocker
(ARB), decreases BP by selectively blocking the AT1

receptor of the renin-angiotensin system (RAS).
Telmisartan has a favorable pharmacokinetic profile
with a long plasma elimination half-life and highest
lipophilicity in its class, thus determining deep penetra-
tion in tissues, ie, a high volume of distribution.17 It has
een reported not only to decrease BP effectively,18–20
but also to lower the CV risk independent of BP.16 s
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Telmisartan, in combination with the calcium channel
blocker (CCB) amlodipine, has been reported to be
superior to respective monotherapy in a wide range of
patients at all stages of hypertension, as well as in sub-
populations such as added-risk patients with obesity,
diabetes, or MS,15,21–28 and better tolerated than high-
ose amlodipine monotherapy.27

The aim of this current clinical trial, the Telmisartan/
Anlodipine Single-Pill Study Versus Amlodipine as first-
line therapy in patients with stage 1 or 2 hypertension and
T2DM (TEAMSTA diabetes), was to investigate the effi-
cacy and safety profile of telmisartan/amlodipine (T/A)
single-pill combination (SPC) in added-risk patients with
diabetes and hypertension compared with amlodipine
(A) monotherapy.

MATERIALS AND METHODS
Study Design

This was an 8-week, randomized, parallel-group,
double-blind, international trial that evaluated the ef-
ficacy and safety profile of the T/A SPC compared with
A (trial registration: NCT00877929). Patients were re-
cruited from 64 trial centers in 9 countries (Argentina,
Republic of Korea, Mexico, the Netherlands, Slova-
kia, South Africa, Spain, Sweden, and the United
States). The trial was approved by each participating
country’s health authority and institutional review
board or an independent ethics committee and con-
ducted in accordance with the principles laid down
in the Declaration of Helsinki. Each patient or their
legally accepted representative provided written in-
formed consent at screening, before any study pro-
cedures were undertaken.

After screening, all patients underwent a 14- to
21-day, single-blind, placebo run-in period, and eli-
gible patients were then randomized to 1 of 2 treat-
ment groups in a 1:1 ratio, either T/A SPC or A
alone. Patients were initially treated with SPC T 80
mg/A 5 mg once daily or A 5 mg for the first 2 weeks
and were then up-titrated to T 80 mg/A 10 mg once
daily or A 10 mg once daily for an additional 6 weeks
of treatment. The trial drug was provided as 2 tablets
and 2 capsules to be administered orally, once daily
with water, in the morning at 9 AM (�1 hour), and it
ould be taken with or without food. If the patient
issed a dose, he or she was instructed to skip that
ose and take the next dose as scheduled. The study
ncluded an ambulatory BP monitoring (ABPM)

ubstudy.
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Patients
The study participants were men and women �18

ears of age with diagnosed T2DM and stage 1 or 2
ypertension based on a mean in-clinic seated cuff SBP
150 mm Hg. Patients with type 1 diabetes mellitus or

n whom diabetes was not stable and controlled for at
east the previous 3 months (HbA1C �10%), prespeci-
fied renal or hepatic disorders, congestive heart failure
(New York Heart Association functional class III or
IV), clinically relevant cardiac arrhythmias as deter-
mined by the investigator, severe obstructive coronary
artery disease (CAD), or any other condition that
would not allow safe completion of the protocol were
excluded, as were nightshift workers and pregnant
or nursing women or women of childbearing age not
using a medically approved means of contraception.
Patients with a contraindication to a placebo run-in
period, patients treated with any investigational
drug therapy within 1 month of signing the informed
consent, those who had previously experienced
symptoms characteristic of angioedema during treat-
ment with angiotensin-converting enzyme (ACE) in-
hibitors or ARBs, those with a history of drug or
alcohol dependency within 6 months before signing
the informed consent form, and those with known
hypersensitivity to any component of the study drugs
were excluded from the study. Patients with a his-
tory of noncompliance or inability to comply with
prescribed medications or protocol procedures and
any other clinical condition that, in the opinion of
the investigator, would not allow safe completion of
the protocol and safe administration of telmisartan
and amlodipine were not permitted to enter the
study.

A protocol amendment, approved on September 25,
2009, included the addition of an ABPM substudy to
provide a better understanding of the 24-hour BP pro-
file and goal attainment of this patient population. All
patients admitted into the trial after the protocol
amendment was approved participated in the ABPM
substudy. These patients met the same inclusion and
exclusion criteria as patients previously admitted into
the trial.

Medication Restrictions

Concomitant administration of any medication

known to affect BP was not permitted during the trial. s
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Efficacy Assessments
Seated trough cuff BP was measured before random-

ization (screening). Seated and standing trough cuff BP
was measured at randomization (baseline measure-
ment) and after 1, 2, 4, 6, and 8 weeks. BP was taken at
9 AM (�1 hour) and before administration of the study
drug. BP was measured with standard calibrated BP
measuring equipment and recorded to the nearest 2
mm Hg. BP measurements were performed on the same
arm and preferably by the same person at all study
visits. After a 5-minute rest in the seated position, 3 BP
measurements were taken 2 minutes apart. Patients
then had their BP taken within 1 minute of quiet stand-
ing. Only 1 standing BP measurement was taken.

ABPM equipment was provided by Medifacts Inter-
national Inc. (Rockville, Maryland). Starting in the
morning at 9 AM (�1 hour), 24-hour BP measurements

ere taken at baseline and at day 57 using the vali-
ated and calibrated SpaceLabs Model 90207 monitor
SpaceLabs Medical Equipment Inc., Issaquah, Wash-
ngton). Measures were taken every 20 minutes
hroughout the day and night and analyzed using Web-
eart ABPM software (CoreLab Partners Inc., Prince-

on, New Jersey).
The primary end point was the change from baseline

n mean seated trough cuff SBP after 8 weeks of treat-
ent. The key secondary efficacy end point was a

hange from baseline in mean seated trough cuff SBP
fter 1, 2, 4, 6, and 8 weeks of treatment.

Additional secondary end points included a change
rom baseline in mean seated trough cuff diastolic BP
DBP) after 1, 2, 4, 6, and 8 weeks of treatment as well
s SBP and BP goal attainment (�140 mm Hg,
140/90 mm Hg, �130/80 mm Hg), response rates

130 mm Hg or a decrease of �10 mm Hg or 140 mm
g or a decrease of �10 mm Hg), and a change from
aseline in the urine albumin: creatinine ratio (UACR),
easured in spot urine) after 8 weeks of treatment. For

he ABPM substudy, the secondary end points included
1) a change from baseline in the 24-hour ABPM mean
relative to dose time) for SBP after 8 weeks of treat-
ent; (2) changes from baseline in DBP and SBP hourly
eans over the 24-hour dosing interval as measured by
BPM after 8 weeks of treatment; and (3) proportion
f patients achieving 24-hour study targets of mean
BP/DBP �130/80 mm Hg and �120/80 mm Hg as
ssessed by ABPM after 8 weeks of treatment. Pre-

pecified subgroup analyses of SBP by sex, age, race,
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Clinical Therapeutics
body mass index (BMI), and baseline SBP category
were conducted.

Safety Profile and Tolerability
All adverse events that occurred after the patient

signed the informed consent were recorded. Any ad-
verse events that were present at the time that the pa-
tient discontinued participation in the trial were fol-
lowed until the event was resolved or for a period of
time agreed on by the investigator and the Boehringer
Ingelheim clinical monitor. Pulse rate was measured as
beats per minute in the clinic at every visit along with
the BP measurements. Laboratory tests, including he-
matology, serum chemistry, and urinalysis, were con-
ducted at screening in a nonfasted state and in a fasted
state at randomization and at the end-of-trial visit or at
early termination. All specimens were analyzed by a
central laboratory to ensure standardization in labora-
tory parameters. Laboratory samples were obtained at
the study site, packaged, and transferred to the central
laboratory in accordance with instructions provided in
the country-specific laboratory manual. All discrepan-
cies were queried, and policies were specified to ensure
that accurate, timely, and consistent clinical data were
transmitted. Laboratory data were transmitted directly
from the central laboratory and uploaded to the Boehr-
inger Ingelheim trial database. The central laboratory
trial data manager identified and documented the
study data transmittal process requirements. Twelve-
lead standard electrocardiography was performed on
all patients at screening and at the end-of-trial visit. All
incidences of peripheral edema were recorded as ad-
verse events. Orthostatic changes in SBP and DBP were
measured at randomization through to the end-of-trial
visit (calculated for both SBP and DBP as the mean
seated BP at a particular visit subtracted from the first
standing BP at the same visit). Patients were instructed
to bring all study drugs to each clinic visit, and com-
pliance was assessed by physical count of returned
study drug at each visit.

Statistical Analysis
The primary and key secondary end points were

analyzed using a restricted maximum likelihood-based
repeated-measures approach, using all available longi-
tudinal observations at each visit during the mainte-
nance phase. Significance tests were based on least
squares means using a 2-sided 0.05 level of signifi-

cance.29 The 2-sided 95% CIs for the least squares

540
mean differences in between-treatment effects evalu-
ated as the changes from baseline for each of the re-
spective time points were computed based on the t dis-
tribution and presented along with the level of
significance (P value).29

The primary and key secondary analyses of the
change from baseline in mean seated trough cuff SBP
were performed on the treated set, which included all
randomized patients who took at least 1 dose of study
drug. Summary statistics were calculated for each of
the secondary response variables of BP control, SBP
control, SBP response, and normal BP after 1, 2, 4, 6,
and 8 weeks of treatment. However, no formal signif-
icance testing was planned to evaluate the treatment
effects on the results for these response variables. The
comparison of obese and nonobese subpopulations
was performed in a prespecified subgroup analysis.

Evaluation of the safety profile was performed on all
patients who received at least 1 dose of randomized
treatment. In general, safety profile analyses were de-
scriptive in nature.

RESULTS
Patients

A total of 981 patients were enrolled in the study
from February 2009 to May 2010, with 706 being
randomized to 1 of 2 treatment groups: 352 to receive
T/A SPC and 354 to receive A (Figure 1). There were no
significant differences between the 2 treatment groups
at baseline (Table I). The baseline BP was 160.8/91.0
mm Hg and 57.5% of patients were obese. The efficacy
and safety profile analyses were performed on the
treated set, which consisted of all patients who took at
least 1 dose of the randomized treatment (n � 706).

he ABPM dataset consisted of 132 patients (18.7%):
8 (19.3%) in the T/A SPC group and 64 (18.1%) in
he A group. The mean treatment compliance rate was
8.1%, with no appreciable differences between the 2
reatment groups. A total of 55 patients (7.8%) discon-
inued the study treatment prematurely: 20 (5.7%) in
he T/A SPC group and 35 (9.9%) in the A group. The
ain reason for premature treatment discontinuation

n both groups was adverse events (overall, 4.4%; T/A,
.1%; A, 5.6%). A total of 651 patients (92.2%) com-
leted the 8-week trial.

Efficacy Assessments
Treatment with T/A SPC for 8 weeks provided a
significantly greater decrease in the primary efficacy

Volume 34 Number 3
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end point of in-clinic mean seated trough cuff SBP com-
pared with A monotherapy (�29.0 vs �22.9 mm Hg;
P � 0.0001). Significant decreases were evident from
week 1 (P � 0.0001) and continued throughout the
study (Figure 2).

Patients treated with T/A SPC in each of the baseline
SBP categories had greater decreases in in-clinic mean
seated trough cuff SBP from baseline to week 8 than
those treated with A monotherapy (Figure 3).

A greater proportion of patients achieved the BP
(�140/90 mm Hg) and SBP (�140 mm Hg) goal with
T/A SPC compared with A 10 mg alone. At week 2,
54.6% and 57.3% of patients treated with T 80 mg/A
5 mg compared with 30.2% and 32.8% of patients
treated with A 5 mg achieved the BP goal and SBP goal,
respectively. At week 8, 71.4% and 73.2% of patients
treated with T/A SPC compared with 53.8% and
56.8% of patients treated with A monotherapy achieved
the BP goal and SBP goal, respectively. In terms of the

Patients enrolled
N = 981

Patients excluded
n = 275

Telmisartan/amlodipine
single-pill combination

n = 352

Patients completed study
n = 332

Patients completed study
n = 319

Patients prematurely
discontinued treatment

n = 20
Adverse event: n = 11
Lack of efficacy: n = 0
Noncompliance: n = 3
Lost of follow-up: n = 0
Consent withdrawn
but not due to adverse
events: n = 4
Other: n = 2

Patients prematurely
discontinued treatment

n = 35
Adverse event: n = 20
Lack of efficacy: n = 1
Noncompliance: n = 3
Lost of follow-up: n = 1
Consent withdrawn
but not due to adverse
events: n = 4
Other: n = 6

Amlodipine
monotherapy

n = 354

Patients randomized
N = 706

Figure 1. Enrollment and outcomes of study par-
ticipants.
more stringent BP goal of �130/80 mm Hg, 17.2% of h

March 2012
atients treated with T 80 mg/A 5 mg compared with
.7% of patients treated with A 5 mg achieved this goal
y week 2. At week 8, the rates were greater: 36.4% of
atients treated with T/A SPC compared with 17.9% of
atients treated with A monotherapy. After 2 weeks of
reatment with T 80 mg/A 5 mg, 88.1% of patients
chieved an SBP response (�140/90 mm Hg or �10 mm
g decrease) compared with 72.1% of patients treated
ith A 5 mg. After 8 weeks of treatment with T/A SPC,
3.1% of patients achieved an SBP response (�140/90
m Hg or �10 mm Hg decrease) compared with 87.5%
f patients treated with A alone.

Patients treated with T/A SPC for 8 weeks experi-
nced greater decreases in DBP from baseline than
hose treated with A monotherapy (�12.5 vs �10.5
m Hg, respectively). The differences between the 2

reatment groups were evident after week 1 (�7.1 vs
5.0 mm Hg), and the effect was maintained over the
-week treatment period.

Patients in the T/A SPC group had a geometric mean
ecrease in UACR from 2.00 to 1.60 mg/g (baseline vs
nd of trial [8 weeks]), approximately 70% of baseline,
hereas those in the A monotherapy group remained
t a similar level (2.10–2.14 mg/g).

The 24-hour ABPM substudy was conducted in 132
atients (68 patients in the T/A SPC group and 64 pa-
ients in the A group). A 24-hour profile of mean SBP and
BP at baseline and at the end of study for both groups is
resented in Figure 4A. At baseline, the mean 24-hour
BP was 144.7 mm Hg in the T/A SPC group and 145.8
m Hg in the A 10 mg group. After 8 weeks of treatment,

he mean 24-hour SBP had decreased to 128.3 mm Hg in
he T/A SPC group and to 134.1 mm Hg in the A group.
or DBP, the 24-hour mean at baseline was 81.6 mm Hg

n the T/A SPC group compared with 85.0 mm Hg in the
group. After 8 weeks of treatment, the mean 24-hour
BP had decreased to 72.8 mm Hg in the T/A SPC group

nd to 78.3 mm Hg in the A group. The mean change in
P from baseline to week 8, when adjusted for baseline,
as statistically greater in the T/A SPC group for both

BP (P � 0.0044) and DBP (P � 0.0004) compared with
alone. The proportion of patients who achieved a mean

4-hour BP of �130/80 mm Hg was greater in the T/A
PC group than in the A group (52.9% vs 39.1%, respec-
ively). Similar patterns were seen for mean daytime and
ighttime BP.

The majority of patients were overweight or
bese, with 33.6% (n � 237) and 57.5% (n � 406)

aving a BMI of 25 to �30 kg/m2 and �30 kg/m2,
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Table I. Baseline demographics and clinical characteristics of the patient population (N � 706) randomized to
receive either 8 weeks of treatment with T/A or A alone.

T/A A Total

No. of patients 352 354 706
Sex, n (%)

Male 180 (51.1) 185 (52.3) 365 (51.7)
Female 172 (48.9) 169 (47.7) 341 (48.3)

Age, y, mean (SD) 60.5 (10.4) 60.5 (9.7) 60.5 (10.1)
�65 214 (60.8) 235 (66.4) 449 (63.6)
�65 138 (39.2) 119 (33.6) 257 (36.4)

Ethnicity, n (%)
Black 43 (12.2) 41 (11.6) 84 (11.9)
Non-black 309 (87.8) 313 (88.4) 622 (88.1)

BMI, kg/m2, mean (SD) 32.1 (6.0) 31.8 (6.1) 32.0 (6.1)
�25 32 (9.1) 31 (8.8) 63 (8.9)
25 to �30 114 (32.4) 123 (34.7) 237 (33.6)
�30 206 (58.5) 200 (56.5) 406 (57.5)

Smoking history, n (%)
Never smoked 221 (62.8) 222 (62.7) 443 (62.7)
Ex-smoker 91 (25.9) 89 (25.1) 180 (25.5)
Currently smokes 40 (11.4) 43 (12.1) 83 (11.8)

Duration of hypertension, y, mean (SD) 8.8 (7.8) 8.9 (8.1) 8.8 (7.9)
Previous antihypertensive therapy, n (%)

0 21 (6.0) 23 (6.5) 44 (6.2)
1 123 (34.9) 119 (33.6) 242 (34.3)
2* 131 (37.2) 132 (37.3) 263 (37.3)
3* 58 (16.5) 65 (18.4) 123 (17.4)
�4* 19 (5.4) 15 (4.2) 34 (4.8)

Duration of diabetes, y, n (%)
�1 48 (13.6) 45 (12.7) 93 (13.2)
1–5 163 (46.3) 160 (45.2) 323 (45.8)
6–10 75 (21.3) 87 (24.6) 162 (22.9)
�10 66 (18.8) 62 (17.5) 128 (18.1)

Baseline BP, mm Hg, mean (SD)†

SBP 160.7 (7.8) 160.8 (7.9) 160.8 (7.8)
DBP 90.5 (8.3) 91.4 (7.8) 91.0 (8.0)

A � amlodipine 10 mg; BMI � body mass index; BP � blood pressure; DBP � diastolic blood pressure; SBP � systolic blood
pressure; T/A � telmisartan 80 mg plus amlodipine 10 mg.
*Combination medications were counted once for each active ingredient in the combination.
†T/A, n � 344; A, n � 345; overall, N � 689 for baseline BP measurements.
542 Volume 34 Number 3
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respectively (Table I). When patients were stratified
as nonobese (BMI �30 kg/m2) or obese (BMI �30

n= 336 334 332 333
Week 1 Week 2

n= 345 344 344 340 339
Week 0 Week 1 W

Tim

Tim

0

–5

–10

–15 –12.6

–17.5
–16.4

*

–22.4
*

–20

–25

–30

–35

170 160.8 160.7

148.3

143.2 144.

165

160

155

150

145

140

135

130

125

A
dj

us
te

d 
m

ea
n 

ch
an

ge
in

 S
B

P
 f

ro
m

 b
as

el
in

e 
(m

m
 H

g)
SB

P
 (

m
m

 H
g)

Amlopidine Telmisarta

A

B

Figure 2. The least squares mean decreases in the in-cli
over 8 weeks of treatment with telmisartan 80
alone. (A) Reduction from baseline (SE). (B)
for baseline as a covariate. Amlodipine 5 mg a
*P � 0.0001 for amlopidine 10 mg versus te
g/m2) to treatment with T/A SPC for 8 weeks, mean P
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BP decreases were significantly greater than with A
lone in both groups of patients (Table II) (obese,

329 317 326 311 320
ek 4 Week 6 Week 8
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m baseline

m baseline
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–27.7
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Amlopidine Telmisartan/amlopidine

ated trough cuff systolic blood pressure (SBP) (mm Hg)
lus amlodipine 10 mg compared with amlodipine 10 mg
ic seated trough cuff mean (SD) SBP. Mean is adjusted
lmisartan 80 mg/amlodipine 5 mg for the first 2 weeks.
tan 80 mg/amlopidine 10 mg at each point.
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eek 2

e fro
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� 0.0001; nonobese, P � 0.0002). BP goal
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(BP �140/90 mm Hg), SBP goal (SBP �140 mm Hg),
and an SBP response (�140/90 mm Hg or �10 mm
Hg decrease) was achieved by a greater proportion
of patients treated for 8 weeks with T/A SPC com-
pared with A monotherapy in both the obese and
nonobese groups (Table II).

Safety Profile Assessments
A total of 293 patients (41.5%) experienced an ad-

verse event: 147 (41.8%) in the T/A SPC group and
146 (41.2%) in the A monotherapy group. The major-
ity of adverse events were mild or moderate in inten-
sity. Severe adverse events, as determined by the inves-
tigator, were reported in 4 patients (1.1%) and 10
(2.8%) patients in the T/A SPC and the A groups, re-
spectively. These were dyslipidemia, peripheral edema,
hyponatremia, and flank pain in the T/A SPC group
and severe cardiac failure, peripheral edema, myocar-
dial infarction, bronchitis, nasopharyngitis, pneumo-
nia, hypokalemia, back pain, muscle spasms, and ma-
jor depression in the A group.

The most common adverse events in both treatment
groups were peripheral edema (T/A, 17.6%; A,
20.1%), headache (T/A, 2.0%; A 10 mg, 2.5%), and
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Hg) over 8 weeks of treatment with telmisa
dipine 10 mg alone. (A) Reduction from bas
Mean is adjusted for baseline as a covariate.
for the first 2 weeks.
Adjusted for baseline as a covariate.
*P � 0.0001 for amlodipine versus telmisa
†P � 0.01.
dizziness (T/A, 2.3%; A, 1.1%). Patients reported the
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first onset of peripheral edema twice as frequently
when they were being treated with A 10 mg than with
A 5 mg, either as monotherapy or in combination with
telmisartan. The majority of cases of peripheral edema
were mild (T/A, 15.9%; A 10 mg, 15.5%) and most
patients who prematurely discontinued the study did
so because of peripheral edema (T/A, 1.4%; A, 2.8%).
Hypotension and orthostatic hypotension were each
reported in 2 patients in the T/A group (0.6% each)
compared with none treated with A alone (Table III).

A total of 141 patients (20.0%) experienced drug-
related adverse events: 69 (19.6%) in the T/A SPC
group and 72 (20.3%) in the A monotherapy group.
Peripheral edema (17.6% and 20.1%) and joint swell-
ing (0.3% and 1.1%) were the only drug-related ad-
verse events that were reported in �1% of patients in
the T/A and A groups, respectively. There was a nu-
merical difference between the 2 groups in the inci-
dence of drug-related peripheral edema (14.2% and
15.3% in T/A and A groups, respectively).

The incidence of serious adverse events was rare;
3 (0.9%) in the T/A group compared with 4 (1.1%)
in the A group. These were ulcer, lower limb frac-
ture, hyperglycemia, and arteriosclerosis in the T/A
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infarction, hepatitis alcoholic, hypokalemia, T2DM,
and depression and major depression. Two patients
discontinued study treatment due to 1 or more seri-
ous adverse events. None of the serious adverse
events were considered to be related to the study
drug. One female patient in the A group died as a
result of hypokalemia associated with a previously
undiagnosed bronchus carcinoma, but it was not
considered to be related to the study drug.

There were no clinically relevant changes on electro-
cardiography, in pulse rate, or in routine laboratory
test results from baseline to study end; any laboratory
test result changes were consistent with this patient
population.

DISCUSSION
In this double-blind, randomized, controlled study, we
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decreases after 8 weeks of treatment with the T/A SPC
in a population of 706 patients with T2DM and stage
1 or 2 hypertension (�29.0 mm Hg vs �22.9 mm Hg
for A alone; P � 0.0001). Our findings were consistent
with those observed in a previous large randomized
4 � 4 factorial study of the T/A combinations, in which

weeks of treatment with T/A resulted in a significant
ean decrease in SBP of �26.4 mm Hg compared with
oth monotherapies in patients with stage 1 or 2 hy-
ertension (P � 0.05).22 In addition, a predefined

subanalysis of this large factorial study indicated
that the T/A combination was as effective in the
T2DM subpopulation compared with the nondia-
betic population (mean seated trough SBP decrease
of �29.1 mm Hg compared with �25.1 mm Hg,
respectively).24,28 Similar changes were observed for
the mean seated trough DBP in the diabetic and non-
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decrease of �20.2 mm Hg compared with �19.4
mm Hg, respectively).24,28

Significant decreases were observed in the in-clinic
mean seated trough SBP and DBP as early as week 1
(P � 0.0001), suggesting a prompt onset of action by
he SPC. This is highly relevant because several out-
ome trials30–32 reported that regimens lowering BP

more rapidly are more effective in decreasing the risk of
major CV events, and the time to BP control is consid-
ered an independent CV risk factor.

Table II. Outcomes for the prespecified analysis of th

Obese (B

T/A

No. 198
Mean change in SBP, mm Hg* �28.4†

BP goal, % 68.2
SBP goal, % 71.2
SBP response, % 92.9

A � amlodipine 10 mg; BMI � body mass index; BP � bloo
mg plus amlodipine 10 mg.
BP goal �140/90 mm Hg; SBP goal � 140 mm Hg; SBP res
*Adjusted for baseline as a covariate.
†P � 0.0001 for T/A versus A.
‡P � 0.0002 for T/A versus A.

Table III. Summary of the adverse events experienc
treatment with T/A or A alone.

Any adverse event, n (%)
Severe adverse events, n (%)
Drug-related adverse events, n (%)
Peripheral edema, n (%)

Mild
Moderate
Severe

Adverse events leading to discontinuation, n (%)
Discontinuations due to peripheral edema, n (%)
Serious adverse events, n (%)

A � amlodipine 10 mg; T/A � telmisartan 80 mg plus amlo
546
Although decreasing the BP lowers CV risk, it is also
important to reach and maintain the appropriate BP
target for the respective patient.7 Although, for the
ime being, some guidelines still recommend lower
rough cuff office BP targets of �130/80 mm Hg for
ypertensive patients with diabetes, there is increasing
vidence that not all of these patients benefit from such
ower targets.13,14 In this study, more patients treated
ith T/A SPC achieved the BP goal (�140/90 mm Hg)
nd SBP goal (�140 mm Hg) compared with patients

population obese versus nonobese patients.

30 kg/m2) Nonobese (BMI �30 kg/m2)

A T/A A

183 134 146
�21.7 �29.9‡ �24.5

48.1 76.1 61.0
51.4 76.1 63.7
86.9 93.3 88.4

ssure; SBP � systolic blood pressure; T/A � telmisartan 80

� SBP � 140 mm Hg or � 10 mm Hg decrease.

study participants treated with either 8 weeks of

T/A
(n � 352)

A
(n � 354)

Total
(N � 706)

147 (41.8) 146 (41.2) 293 (41.5)
4 (1.1) 10 (2.8) 14 (2.0)

69 (19.6) 72 (20.3) 141 (20.0)
62 (17.6) 71 (20.1) 133 (18.8)
56 (15.9) 55 (15.5) 111 (15.7)

5 (1.4) 14 (4.0) 19 (2.7)
1 (0.3) 2 (0.6) 3 (0.4)

10 (2.8) 19 (5.4) 29 (4.1)
5 (1.4) 10 (2.8) 15 (2.1)
3 (0.9) 4 (1.1) 7 (1.0)

e 10 mg.
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treated with A monotherapy. Approximately one third
of patients achieved a target BP of �130/80 mm Hg
with T/A SPC. These findings are similar to those of the
previously mentioned factorial study,22 with 76.5% of
patients with stage 1 or 2 hypertension achieving their
BP goal of �140/90 mm Hg with T/A after 8 weeks. In
patients with diabetes, the goal rate achievement
(�140/90 mm Hg) was 87%, although the number of
patients with diabetes in this study was limited.24,28

As a consequence of the lack of incontrovertible
trial evidence that aggressively decreasing BP to
�130/80 mm Hg in patients with diabetes lowers CV
risk,33 the European Society of Hypertension-Euro-
ean Society of Cardiology (ESH-ESC) reappraised
heir guidelines and now recommend decreasing SBP to
ell below 140 mm Hg, ie, approaching the old target
f 130/80 mm Hg but not necessarily going below it.7

These recommendations are supported by the findings
of the ADVANCE-ON (Action in Diabetes and Vascu-
lar Disease Preterax and Diamicron-MR Controlled
Evaluation) study, which reported that decreasing SBP
to �135 mm Hg in patients with T2DM was associ-
ated with macrovascular and microvascular benefits
compared with placebo-treated patients with an SBP of
�140 mm Hg.13 More recently, the validity of the

idespread recommendations to apply more stringent
P targets in patients with T2DM and hypertension4,6

has been further called into question after the results of
the ACCORD study14 and an additional analysis of the
INVEST (International Verapamil SR-Trandalopril)
study.34 The ACCORD study showed that targeting an
SBP of �120 mm Hg in patients with T2DM at high risk
for CV events rather than using a target of �140 mm Hg
id not lower the risk of fatal and nonfatal major CV
vents.14 A subgroup analysis of the INVEST study re-
orted that the relationship between the primary out-
ome (first occurrence of death, nonfatal myocardial in-
arction, or nonfatal stroke) and the mean follow-up SBP
nd DBP was in the form of a J-shaped curve in previ-
usly revascularized patients,34 supporting the theory

that decreasing BP too aggressively can result in de-
creased blood flow to vital organs, which may increase
CV risk.

Patients with T2DM are often overweight or obese,
and this was true for our study population, with
57.5% being in the obese category (BMI �30 kg/m2).
Obese diabetic patients such as these, often classed as
having MS, are typically difficult to treat35 and are at

added risk for CV events.10 They have a similar or

March 2012
increased CV risk profile to that of diabetic patients,
and, therefore, patients with obesity or MS similarly
benefit from treatment. When we stratified our patients
according to their BMI, we observed that the SPC T/A
remained more effective than A alone in both nonobese
and obese patients, which is reassuring considering the
difficulty in treating this population. Our findings sup-
port those of a recent subanalysis of the large factorial
study by Littlejohn et al,22 which reported consistent
ecreases in mean seated trough SBP and DBP in both
he obese and nonobese subpopulations, with the
reatest decreases being achieved with the T/A combi-
ation.24 It must be noted, however, that patient num-

bers in the subanalysis of the factorial study were
limited.

In the ACCOMPLISH (Avoiding Cardiovascular
Events Through Combination Therapy in Patients Liv-
ing With Systolic Hypertension) trial, BP decreases in
both treatment arms were similar, and the BP goal
(�140/90 mm Hg) was achieved in 75.4% and 72.4%
in the benazepril plus amlodipine combination arm
and the benazepril hydrochlorothiazide (HCTZ) com-
bination arm, whereas antihypertensive add-on medi-
cation was allowed to achieve this BP goal. Approxi-
mately 60% of the patients in the ACCOMPLISH trial
had comorbid diabetes, and almost half were obese
(BMI, 31.0 [6.2] kg/m2). In addition, the majority pre-
sented with established CAD. Despite similar trough
cuff office BP decreases, also confirmed by 24-hour
ABPM and BP goal rates in the 2 treatment arms of the
ACCOMPLISH trial, the amlodipine combination was
significantly more effective than the HCTZ combina-
tion in decreasing CV events.36,37 In addition, evidence
from the CAMELOT (Comparison of Amlodipine Ver-
sus Enalapril to Limit Occurrences of Thrombosis)
study38 and PREVENT (Prospective Randomized
Evaluation of the Vascular Effects of Norvasc Trial)39

revealed that amlodipine is effective in CAD as well as
in hypertension. Evidence from the ONTARGET (On-
going Telmisartan Alone and in Combination With
Ramipril Global Endpoint Trial) suggested that telmis-
artan prevents 1 in 5 CV events in CV risk patients with
or without hypertension.16 Telmisartan and amlodip-
ine can therefore be considered to be logical combina-
tion partners. No outcome data are available yet; how-
ever, the free combination is currently being
investigated in an outcome study (Effects of Angioten-
sin II Receptor Blocker Compared With Diuretics in

High-Risk Hypertensive Patients [CHIEF] trial).40
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This study showed a 70% decrease in UACR in
those patients treated with T/A SPC compared with
amlodipine monotherapy. A possible explanation for
this could be the synergistic dilatory effect of T/A on
the vas afferens and vas efferens of the glomerula.
Therefore, hyperfiltration, induced by amlodipine due
to dilation of the vas afferens, is decreased by telmis-
artan due to vasodilation of the vas efferens.41 In the

CCOMPLISH trial, it was found that an RAS blocker
lus CCB combination was superior to an RAS blocker
lus diuretic combination (benazepril plus amlodipine
r HCTZ) in renal parameters, such as progression to
hronic kidney disease (2.0% vs 3.7%, respectively).42

This indicates that the beneficial renal effect seen with
RAS blockers such as telmisartan are preserved in a
combination with a CCB, such as amlodipine.

The 24-hour ABPM is considered to be a gold stan-
dard measurement for BP.43 Analysis of the 24-hour
ABPM substudy showed that the T/A SPC was signifi-
cantly more effective in decreasing 24-hour SBP and
DBP and achieving the 24-hour BP goal of �130/80
mm Hg than A monotherapy. This confirms results
from the factorial design study, in which patients
treated with T/A achieved a significantly higher 24-
hour BP goal rate compared with those treated with A
(82.7% vs 37.9%; P � 0.0001).15

The tolerability analysis showed that comparable
numbers of patients in the 2 treatment groups expe-
rienced adverse events, and the majority of these
were mild or moderate. With no comparator placebo
arm, the reported adverse events should not be ig-
nored; however, these adverse event rates were sim-
ilar to those previously observed for the T/A combi-
nation.22 Patient retention in the study was high
(92.2%), similar to that of an earlier study of this
treatment combination (92%), suggesting a high
treatment adherence.22

The most common adverse events (peripheral
edema, headache, and dizziness) are all known adverse
events for such kind of treatments.44 Headache is com-
mon in patients with hypertension, and its incidence
was previously reported to be lower with telmisartan
than with placebo.44 The onset of peripheral edema

as apparently related to the use of amlodipine and
ose dependent, and the overall incidence was numer-

cally decreased when amlodipine was used in combi-
ation with telmisartan. These findings were in line
ith results suggesting low rates of peripheral edema

hen an ARB such as telmisartan is combined with
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mlodipine.22,23,45,46 CCB-induced peripheral edema
is caused by capillary hypertension in the upright po-
sition,47 and RAS blockade with ACE inhibitors and
ARBs is known to decrease the effect by venous dila-
tion.47,48 However, the decrease in peripheral edema
observed in diabetic patients appears to be not as
prominent as in the hypertensive patient population in
the factorial design study.22,23 The reason for this re-

ains speculative and deserves further investigation. It
ight be due to impaired microcirculation in T2DM
atients resulting from microvascular damage, which
s characteristic of T2DM often already in early stages
f the disease.49 However, the severity grade of periph-
ral edema in the 2 treatment arms is different, with
ore patients experiencing moderate to severe periph-

ral edema and more patients discontinuing treatment
ue to peripheral edema with A monotherapy than
ith T/A SPC.

CONCLUSIONS
In this 8-week study, initial treatment with T/A SPC
was an effective and well-tolerated treatment in this
selected group of hypertensive patients with diabetes.
Clinical evidence suggests that such a combination is
beneficial to decrease CV risk in this type of added-risk
patients and may be considered a preferred treatment
option in patients with metabolic disorders such as
diabetes, MS, and obesity.
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