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Effect of telmisartan vs. ramipril on ‘dipping’ status
and blood pressure variability: pooled analysis
of the PRISMA studies

Philippe Gosse1 and Helmut Schumacher2

A retrospective pooled analysis of the ‘Prospective, Randomized Investigation of the Safety and Efficacy of MICARDIS vs.

Ramipril Using ABPM’ studies conducted in Europe and South Africa (PRISMA I) and in the United States of America and

Canada (PRISMA II) was carried out to investigate the effects of telmisartan and ramipril on dipper status (extreme dippers,

dippers, non-dippers, risers/reverse dippers), and blood pressure (BP) variability in 1279 patients (with normal sleeping

patterns and valid 24-h ambulatory BP monitoring recordings at baseline and end point). After 14 weeks’ treatment,

telmisartan had a greater systolic BP (SBP) reduction and higher smoothness index in all four dipper groups compared with

ramipril. In addition, the tendency toward dipping was significantly higher in patients treated with) telmisartan than ramipril

(P¼0.032; odds ratio for telmisartan vs. ramipril: 1.27 (95% confidence interval: 1.102–1.58)). In patients with an early

morning SBP surge X35 mm Hg, telmisartan treatment was associated with significantly greater reductions from baseline in the

night-time low mean, early morning mean and early morning SBP surge compared with ramipril (P¼0.026, Po0.0001 and

P¼0.0006, respectively). In this retrospective analysis, telmisartan was shown to normalize the circadian BP pattern to a

dipper profile in a larger proportion of patients than ramipril, and reduce early-morning SBP surge in high-risk patients,

indicative of a cardioprotective effect. These findings need to be confirmed in long-term prospective trials and observational

studies.
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INTRODUCTION

Hypertension is a well-known risk factor for cardiovascular disease

(CVD) that affects both microvessels and macrovessels and evidence

shows that lowering blood pressure (BP) reduces the risks of CVD.1,2

Ambulatory BP monitoring (ABPM) allows a better prediction of risk

than casual or office BP. This better predictive value probably stems not

only from the large number of BP measurements obtained and the

ability to avoid the ‘white-coat’ effect, but also from the information

gained on BP variability. Two main aspects of this variability have been

proved to be important in predicting CVD: loss of BP reduction during

the night-time (non-dipping pattern) and excessive BP elevation in the

morning. So the effects of antihypertensive treatment on BP cannot be

described only in terms of average 24-h levels anymore, and the

consequences on BP variability should also be considered. However, the

aim to reduce morning rise in BP as well as to increase BP dip at night

may appear, in part, contradictory. It is, therefore, important to describe

BP change with treatment according to dipping patterns.
A previous analysis of the two ‘Prospective, Randomized Investiga-

tions of the Safety and efficacy of MICARDIS vs. ramipril using

ABPM’ studies conducted in Europe and South Africa (PRISMA I) and
in the United States of America and Canada (PRISMA II) demon-
strated that the angiotensin II (AT1) receptor blocker, telmisartan,
which has a trough-to-peak ratio of 490%,3 significantly reduced the
mean night-time low (NTL) BP, early morning mean (EMM) BP and
the early morning BP surge (EMBPS; defined as the difference between
EMM and NTL) when compared with the angiotensin-converting
enzyme inhibitor, ramipril.4 In this earlier analysis, a greater reduction
in the EMBPS was also observed in patients with a high EMBPS and in
those who were dippers at baseline.4

Following the earlier analysis, the current report presents the findings of a
new retrospective pooled analysis of the PRISMA I and II studies
(NCT00274612) that investigated the effects of telmisartan and ramipril
on dipper status, EMBPS and BP variability following 14 weeks’ treatment.

MATERIALS AND METHODS

Study design
The PRISMA I and II studies compared telmisartan 80mg with ramipril 10mg

over a 14-week treatment period; all the results have been previously
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reported.4–6 In brief, patients discontinued antihypertensive treatment

following the screening visit in both studies and received placebo treatment

for 2 weeks (4 weeks for those who were previously prescribed angiotensin-

converting enzyme inhibitors, angiotensin II (AT1) receptor blockers, or

diuretics). Patients were then randomized to receive telmisartan 40mg

or ramipril 2.5mg for 2 weeks, followed by forced titration to telmisartan

80mg for 12 weeks or ramipril 5mg for 6 weeks and 10mg for the remaining

6 weeks. Patients received their study medication once daily at approximately

the same time each morning.

Patients
The detailed inclusion criteria for both studies have already been published.5,6

In brief, patients agedX18 years with mild-to-moderate hypertension (defined

as seated diastolic BP (DBP): 95–109mmHg) at enrollment, and a 24-h mean

diastolic BP X85mmHg as measured by ABPM at baseline, were included.

For this current pooled analysis, patients with unusual sleep times (that is,

going to bed before 1900 or after 0300 h, waking before 0300 or after 1000 h),

and/or differences of sleeping duration of 43 h between baseline and study

end point were excluded.

Patient evaluation
The study methods have been described in detail elsewhere.5,6 In brief, changes

from baseline to week 14 in 24-h BP were measured in patients using 24-h

ABPM with a Spacelabs 90207 automatic ambulatory BP monitor (Spacelabs

Healthcare, Issaquah, WA, USA) initiated at the time of dosing. BP was

measured every 20min throughout the day and night. The days for monitoring

the 24-h ABPM were carefully selected to ensure that the patient’s daily

activities were similar on each occasion (for example, always a work day).

Patients recorded their time of going to bed and of waking in a diary.

Statistical analyses
The mean BP was calculated over different time periods using the records from

the 24-h ABPM as described previously:5,6 the 24-h mean systolic BP (SBP)

and diastolic BP were calculated using all valid measurements during the

complete 24-h measurement period; sleeping mean BP was the mean BP in the

period between going to bed and waking; wake mean BP was the mean BP in

the period between waking and going to bed. The surge in BP was calculated

on an individual patient basis as described previously:7,8 the NTL BP was the

mean of all measurements within ±30min around the time of the minimum

BP during sleeping; EMM BP was defined as the mean during the 2 h after

waking; and the EMBPS was the difference between the EMM and NTL. The

smoothness index (SI), a measure of the homogeneity of BP reduction by

antihypertensive treatment, was calculated as the mean of the hourly mean

changes from baseline to study end point divided by its standard deviation.9

For the current analysis, patients were subdivided within each treatment

group into four different ‘dipper’ categories, based on the relative reduction in

sleeping mean BP vs. wake mean BP at baseline: extreme dippers (sleeping

mean BP p80% of wake mean BP); dippers (sleeping mean BP 480 to

p90% of wake mean BP); non-dippers (sleeping BP 490 to 100% of wake

mean BP); and risers/reverse dippers (sleeping mean 4wake mean BP).

Patients were also subdivided according to the extent of their EMBPS and

further analyses were undertaken specifically on those patients with an early

morning SBP surgeX35mmHg (the threshold for the upper EMBPS quartile4

was rounded to a multiple of 5).

Demographic data and baseline characteristics were compared between

dipper categories using analysis of variance and the Cochran–Mantel–Haenszel

test, adjusting for study.

SBP changes from baseline for the respective time intervals and the SI were

analyzed for treatment differences in the ‘dipper’ subgroups using analysis of

covariance, adjusting for baseline, study, dipper subgroup and treatment-by-

dipper subgroup interaction. Change in dipper status after 14 weeks’ treatment

was analyzed using logistic regression analysis with cumulative logits, adjusting

for dipper type at baseline, study, age, gender and body mass index. A P-value

o0.05 was considered statistically significant. SAS version 9.2 (SAS Institute,

Cary, NC, USA) was used for the analysis.

RESULTS

Patients
A total of 1613 patients were randomized to treatment in the PRISMA
I and II studies. Of these, 1279 met the criteria for normal sleeping
patterns and also had valid 24-h ABPM recordings at baseline and
end point. Baseline demographic and clinical characteristics for the
patients stratified according to their baseline dipper category are
presented in Table 1. The majority of patients (52.9%) were classified
as dippers at baseline. Risers/reverse dippers constituted the smallest
subgroup of patients (n¼ 52 (4.1%)). Male patients had a greater
tendency toward dipping than female patients (P¼ 0.0008). No
significant differences in terms of race were observed among the four
dipper categories.
Significant differences in age (P¼ 0.0004), body weight (P¼ 0.038)

and body mass index (P¼ 0.039) were observed across the four
dipper subgroups after adjusting for study. In particular, patients in
the riser subgroup tended to be older and have a higher body mass
index than those in the other three dipper subgroups. As expected,
there were significant trends across the different circadian profile
subgroups in terms of mean SBP measurements and EMBPS. In
particular, sleep mean SBP and NTL SBP were lowest in the extreme
dipper subgroup and highest in the riser subgroup (both Po0.0001).
There were also significant trends across the circadian profile
subgroups in terms of the percentage of patients with morning surge
(X35 and X55mmHg, both Po0.0001). The proportion of patients
with morning surge X35 and X55mmHg was highest in the
extreme dipper subgroup (Po0.0001). The riser subgroup had the
lowest proportion of patients with morning surge X35mmHg and
none with morning surge X55mmHg.

BP changes
Figure 1 presents the mean 24-h SBP profiles at baseline and end
point for the telmisartan and ramipril groups, stratified according to
baseline dipper categories. In the telmisartan group, all four dipper
subgroups showed a reduction from baseline to end of trial in SBP at
each time point over the 24-h monitoring period (Figure 1a). Similar
changes were observed for ramipril (Figure 1b). Changes in SBP in
different time intervals during the 24-h monitoring period from
baseline to the end of the trial for each dipper category are presented
in Table 2.
No significant interaction between treatment and dipping type was

observed for each SBP measure for different intervals during the 24-h
monitoring period, indicating that the difference between treatment
groups was consistent across all dipping types (Table 2). Telmisartan
significantly reduced the 24-h mean, wake mean, sleep mean, NTL
mean, EMM and EMBPS across all four dipper categories compared
with ramipril (all adjusted P-values o0.05). The SI was higher after
telmisartan treatment than after ramipril treatment in each dipper
subgroup (Table 2; adjusted treatment difference, P¼ 0.0006).
A total of 386 of 1279 patients (30.2%) had an early morning SBP

surge X35mmHg, 211 in the telmisartan group and 175 in the
ramipril group. SBP at baseline and end point and change in SBP
from baseline to study end point for patients with an early morning
SBP surge X35mmHg are presented in Table 3. Telmisartan
treatment was associated with significantly greater reductions from
baseline in the NTL, EMM and morning surge SBPs compared with
ramipril (P¼ 0.026, Po0.0001 and P¼ 0.0006, respectively).

Change in dipper category
Figure 2 shows the percentage SBP reduction during sleep time by
dipper type for telmisartan and ramipril. Although the mean
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percentage reduction in SBP during sleep time was reduced in
extreme dipper and dipper groups following treatment, it increased
in the non-dipper group and riser group. The mean percentage
reduction in SBP at the end of 14 weeks in the extreme dipper group
was 16.5% in the telmisartan group and 17.6% in the ramipril group
compared with 22.8% and 23.5%, respectively, at baseline.
Table 4 details the dipper type following 14 weeks’ treatment. The

change in dipper status after 14 weeks’ treatment revealed a significant
treatment effect in favor of telmisartan (P¼ 0.041). The odds ratio for
telmisartan vs. ramipril was 1.27 (95% confidence interval, 1.02–1.58),
indicating that there was a stronger tendency toward dipping in
patients treated with telmisartan compared with ramipril. This
finding was supported by a sensitivity analysis using the Kruskal–
Wallis test (P¼ 0.031).

DISCUSSION

Telmisartan shows greater SBP reduction and higher SI in all four
dipper subgroups
In this retrospective analysis of data pooled from the two PRISMA
studies,5,6 a comparison of the changes from baseline in SBP at
different intervals during the 24-h monitoring period demonstrated
that telmisartan resulted in significantly greater SBP reductions in

all four dipper subgroups compared with ramipril. Telmisartan
treatment was also associated with a greater reduction in the
EMBPS in the extreme dipper and dipper subgroups, a similar
change in the non-dipper subgroup and a lower SBP rise in the riser
subgroup compared with ramipril.
The SI, a measure of the homogeneity of BP reduction by

antihypertensive treatment, was significantly higher in each dipper
subgroup in patients treated with telmisartan compared with rami-
pril. The SI was X1 in the extreme dippers, dippers and non-dipper
subgroups of patients treated with telmisartan. Although the SI was
o1 in the riser subgroup following telmisartan treatment, it was
higher than that observed for ramipril (0.89 vs. 0.74, respectively). As
a high SI (X1) has been reported to be associated with positive
changes in carotid artery wall thickness,10 the higher SI demonstrated
by the long-acting drug, telmisartan, in this current analysis may
provide some cardiovascular (CV) benefit. For the extreme dippers,
non-dippers and riser subgroups, who are already at a higher risk of
CVD, a more homogenous BP might help to reduce their risks.

Change of dipping pattern on treatment
Classification of patients based on dipping pattern is poorly repro-
ducible and this limits the usefulness of this concept in treating single

Table 1 Baseline demographic and clinical characteristics of patients stratified according to their baseline dipper categorya

Dipper type

Characteristic Extreme dipper Dipper Non-dipper Riser Total P-valueb

Total, n (%) 135 (10.6) 677 (52.9) 415 (32.4) 52 (4.1) 1279 (100.0)

Female, n (%) 50 (10.5) 222 (46.4) 179 (37.4) 27 (5.6) 478 (100.0) 0.0008

Male, n (%) 85 (10.6) 455 (56.8) 236 (29.5) 25 (3.1) 801 (100.0)

Age, years, mean (s.d.) 52.0 (8.7) 52.8 (10.1) 54.2 (10.3) 57.9 (10.5) 53.3 (10.1) 0.0004

Weight, kg, mean (s.d.) 82.6 (15.4) 86.9 (17.8) 84.7 (17.7) 85.0 (20.5) 85.7 (17.7) 0.038

BMI, kgm�2, mean (s.d.) 28.4 (4.5) 29.6 (4.8) 29.4 (5.1) 30.4 (6.0) 29.5 (4.9) 0.039

Race, n (%) 0.12

Asian 1 (3.3) 19 (63.3) 9 (30.0) 1 (3.3) 30 (100.0)

Black 2 (3.6) 24 (43.6) 27 (49.1) 2 (3.6) 55 (100.0)

Caucasian 117 (11.0) 564 (53.2) 335 (31.6) 45 (4.2) 1061 (100.0)

Not available 15 (11.3) 70 (52.6) 44 (33.1) 4 (3.0) 133 (100.0)

Alcohol consumption history, n (%) 0.0003

Drinker 105 (12.4) 464 (54.7) 250 (29.5) 29 (3.4) 848 (100.0)

Non-drinker 30 (7.0) 213 (49.4) 165 (38.3) 23 (5.3) 431 (100.0)

Smoking history, n (%) 0.0013

Ex-smoker 46 (11.1) 230 (55.4) 125 (30.1) 14 (3.4) 415 (100.0)

Never smoked 51 (7.9) 350 (53.9) 216 (33.3) 32 (4.9) 649 (100.0)

Smoker 38 (17.7) 97 (45.1) 74 (34.4) 6 (2.8) 215 (100.0)

Trough cuff mean SBP, mean (s.d.) 155.0 (12.8) 155.2 (12.5) 156.0 (12.2) 159.0 (12.4) 155.6 (12.4) 0.12

24h-mean SBP, mean (s.d.) 142.4 (11.4) 146.9 (11.2) 148.6 (11.7) 153.3 (13.0) 147.2 (11.6) o0.0001

Wake mean SBP, mean (s.d.) 154.3 (12.2) 154.4 (11.8) 152.0 (11.9) 151.5 (13.1) 153.5 (11.9) 0.0067

Sleep mean SBP, mean (s.d.) 118.6 (9.7) 132.1 (10.6) 142.0 (11.7) 156.9 (14.1) 134.9 (13.8) o0.0001

Nighttime low SBP, mean (s.d.) 107.6 (9.8) 121.5 (11.0) 131.0 (12.4) 144.6 (15.9) 124.1 (14.1) o0.0001

Early morning mean SBP, mean (s.d.) 150.1 (14.4) 152.7 (14.5) 153.2 (14.0) 154.8 (15.3) 152.7 (14.4) 0.084

Morning surge SBP, mean (s.d.) 42.5 (10.6) 31.3 (11.5) 22.3 (11.1) 10.3 (12.3) 28.7 (13.4) o0.0001

Morning surge SBP category, n (%), mmHg

o35 34 (25.2) 445 (65.7) 366 (88.2) 50 (96.2) 895 (70.0)

X35 101 (74.8) 232 (34.3) 49 (11.8) 2 (3.8) 384 (30.0) o0.0001

o55 120 (88.9) 656 (96.9) 413 (99.5) 52 (100.0) 1241 (97.0)

X55 15 (11.1) 21 (3.1) 2 (0.5) — 38 (3.0) o0.0001

Abbreviations: BMI, body mass index; BP, blood pressure; SBP, systolic blood pressure.
aFor demographic characteristics, study population percentages are calculated across the dipper categories. For the morning SBP characteristics, percentages are calculated within each dipper category.
bStatistical analyses to identify trends across the dipper types were undertaken using the Cochran–Mantel–Haenszel w2-test or analysis of variance, adjusted for the study.
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Figure 1 Mean 24-h systolic blood pressure (SBP) as measured by ambulatory blood pressure monitoring (ABPM) of patients treated with: (a) telmisartan

and (b) ramipril, stratified according to their baseline dipper category: baseline and week 14 data for (i) extreme dippers, (ii) dippers, (iii) non-dippers and

(iv) risers/reverse dippers.
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patients. In an observational study of 414 untreated hypertensive
patients, it was seen that in a quarter of patients, the initial dipping
pattern was changed on repeat ABPM assessment after 4 weeks. The
change was more prominent in the extreme dipper and non-dipper
subgroups.11 In another observational study of hypertensive and
normotensive patients over a period of 1 year, 44% of patients had
variable dipping status, with normal night-time BP in patients who
perceived their sleep quality to be good.12 Similarly, in the Study on
Ambulatory Monitoring of Pressure and Lisinopril Evaluation
(SAMPLE) study, variability in dipper status was observed in
35–40% of patients with essential hypertension and left ventricular
hypertrophy.13 These results highlight significant intra-subject
variability in the diurnal fluctuations in ambulatory BP and dipper
status, suggesting that assessments based on a single ABPM cannot be
taken as independent predictors of increased CV risk. Repeated
ABPMs were better able to predict an ‘abnormal’ nocturnal profile
correctly as a part of the risk stratification.14

However, in spite of limitations related to intra-subject dipping
status variability, it has been shown that abnormal circadian patterns
of BP, especially nocturnal hypertension or non-dipper status, is
associated with CVD risk.15 The Coronary Artery Risk Development
in Young Adults (CARDIA) study demonstrated that failure of the
night-time SBP to dip sufficiently, or excessive dipping of the night-
time SBP, is associated with the presence of coronary artery calcium
10–15 years later.16 A study of 900 middle-aged men and women
demonstrated that those with a non-dipping nocturnal BP profile had
an increased mean intima-media thickness in the carotid artery

(Po0.01), an indication of early atherosclerosis.17 The reverse-
dipping (riser) pattern of nocturnal BP is also an independent risk
factor for CVD.18–20 A meta-analysis of 3648 patients from four
prospective studies revealed that the dipping pattern and the night/
day BP ratio significantly and independently predicted mortality and
CV events in hypertensive patients without a history of major CV
disease; the incidence of CV events was highest in patients in the riser
(or reverse dipper) category.21

In the prospective, observational Progetto Ipertensione Umbria
Monitoraggio Ambulatoriale (PIUMA) study, the risk of CV events
was significantly increased in non-dippers and reverse dippers among
3012 initially untreated hypertension patients followed up over a
period of 8.44 years.22 Similarly, in a cross-sectional study of 376
patients with hypertension, left and right ventricular structure and
diastolic function were found to be significantly more impaired with
the non-dippers and the reverse dippers compared with others,23 and
pulse wave velocity was significantly higher in reverse dippers
compared with dippers and non-dippers in untreated patients with
hypertension.24 Hence, it would be highly undesirable for an
antihypertensive agent to cause patients to move from the dipper
category to any of the other three categories.
This retrospective analysis showed a significant treatment effect on

dipper status in favor of telmisartan compared with ramipril. The
odds ratio, and sensitivity analysis, indicated a stronger tendency
toward dipping in patients treated with telmisartan compared with
ramipril. This is expected to protect patients on telmisartan from
CVD. The greater tendency for dipping observed with telmisartan vs.

Table 2 Change in SBP at different time points during the 24-h monitoring period from baseline to study end point and the SI for patients

treated with telmisartan (n¼634) or ramipril (n¼645) stratified according to their baseline dipper category

Dipper type

Adjusted a treatment

SBP change

Extreme dipper Dipper Non-dipper Riser Test on treatment-by-

dipper type interaction

difference

mm Hg Telmisartan Ramipril Telmisartan Ramipril Telmisartan Ramipril Telmisartan Ramipril P-value Mean (95% CI) P-value

n¼76 n¼59 n¼323 n¼354 n¼206 n¼209 n¼29 n¼23 645/634

24-h Mean –13.5 (9.4) –8.3 (8.8) –14.2 (11.0) –11.5 (9.5) –14.3 (11.0) –11.3 (9.8) –12.1 (11.4) –9.5 (9.6) 0.45 3.2 (1.5–4.9) 0.0002

Wake mean –17.3 (11.2) –12.1 (9.6) –15.7 (11.8) –12.9 (10.7) –13.6 (11.7) –11.2 (10.4) –9.1 (11.3) –6.4 (10.0) 0.48 3.2 (1.3–5.0) 0.0008

Sleep mean –5.1 (8.7) –1.0 (10.0) –11.2 (11.8) –8.1 (9.9) –15.5 (12.1) –11.4 (11.3) –17.4 (13.9) –15.6 (11.9) 0.60 3.1 (1.3–5.0) 0.0011

NTL –3.0 (10.3) –1.2 (12.2) –10.2 (12.5) –7.8 (11.6) –14.0 (14.7) –10.7 (13.5) –18.6 (16.0) –15.0 (13.8) 0.73 2.5 (0.4–4.6) 0.0175

EMM –12.4 (13.6) –5.0 (10.9) –13.9 (14.8) –8.4 (12.0) –11.3 (13.8) –8.6 (11.9) –8.6 (15.2) –2.0 (14.8) 0.36 5.2 (3.0–7.3) o0.0001

EMBPS –9.3 (14.7) –3.6 (13.4) –3.7 (13.8) –0.6 (12.8) 2.7 (15.4) 2.2 (14.0) 10.0 (13.4) 12.8 (15.3) 0.064 2.5 (1.5–4.5) 0.015

SI 1.02 (0.72) 0.65 (0.67) 1.25 (0.97) 0.96 (0.82) 1.29 (1.02) 1.00 (0.88) 0.89 (0.91) 0.74 (0.75) 0.82 0.27 (0.12–0.42) 0.0006

Abbreviations: CI, confidence interval; EMBPS, early morning blood pressure surge; EMM, early morning mean; NTL, night-time low; SBP, systolic blood pressure; SI, smoothness index.
Data presented as mean (s.d.).
aAdjusted for baseline, study, dipper type and treatment-by-dipper type interaction.

Table 3 SBP at baseline and change from baseline to study end point for patients with an early morning SBP surge X35 mmHg treated with

telmisartan or ramipril

Telmisartan (n¼211) Ramipril (n¼175)

SBP,

mmHg

Baseline, mean

(s.d.)

End point, mean

(s.d.)

Change from baselinea, mean

(s.e.)

Baseline, mean

(s.d.)

End point, mean

(s.d.)

Change from baselinea, mean

(s.e.) P-value

NTL 116.9 (12.7) 111.1 (15.1) –5.8 (0.85) 116.9 (13.4) 113.8 (16.6) –3.0 (0.93) 0.026

EMM 161.1 (13.5) 143.6 (17.2) –17.3 (0.93) 161.1 (14.6) 150.7 (17.9) –10.2 (1.02) o0.0001

EMBPS 44.2 (7.4) 32.6 (12.4) –11.6 (0.86) 44.3 (7.5) 37.0 (13.2) –7.2 (0.95) 0.0006

Abbreviations: EMBPS early morning blood pressure surge; EMM, early morning mean; NTL, night-time low; SBP, systolic blood pressure.
Data presented as mean (s.d.) except for adjusted SBP change from baseline to end point, which are shown as mean (s.e.).
aAdjusted for baseline and study.
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ramipril is predominantly driven by the smaller proportion at the end
point of non-dippers and risers/reverse dippers with telmisartan
treatment than with ramipril treatment. Transition between dipper
categories following treatment might be expected due to a greater
efficacy of the antihypertensive drug on the daytime BP compared with
the night-time BP (resulting from a o24 h duration of effect), which
would make the difference between the wake and sleep BPs smaller;
thus, the patient’s dipper category would change, possibly from dipper
to non-dipper or riser. However, telmisartan, a long-acting drug with a
high trough:peak ratio, has greater efficacy on early morning BP
(falling into the last 6 h of the dosing interval) compared with
ramipril,5,6 which may help to maintain normal dipping status or
improve the dipping status to normal. Indeed, in this analysis, only
0.9% of patients treated with telmisartan moved from the dipper to
riser group, compared with 3.7% treated with ramipril. Similarly, more
patients on telmisartan treatment improved from non-dipper category
at baseline to dipper category at end point. Of the risers/reverse dippers
at baseline, more patients on ramipril than telmisartan remained in the
same category at end point. Similar proportions of patients on either
treatment improved from extreme dipper category at baseline to dipper
category at end point. Consistent with this finding, the mean
percentage change from baseline to end point in SBP during sleep
time also decreased in the extreme dipper category on either treatment.
The extreme dipper profile is commonly associated with a larger

early morning SBP surge. Importantly, telmisartan treatment was
associated with significantly greater reductions from baseline in the
NTL, EMM, and morning surge SBPs compared with ramipril in
patients with an early morning SBP surge X35mmHg, suggesting
that it provides more effective BP control in these high-risk patients.
A very high or very low EMBPS is reported to be associated with CV
events. A meta-analysis of individual data from more than 5000
patients randomly recruited from eight different countries and
followed up for an average of 10 years showed an EMBPS X37.0
mmHg to be a significant and independent predictor of mortality
and CV events,25 while in normotensive and well-controlled
hypertensive elderly followed up for a period of 5 years, an EMBPS
X34mmHg was found to be associated with CV events.26 Further
studies also show that those individuals who experience a high
EMBPS have a higher incidence of cerebrovascular events and higher
CV mortality.8,27 In contrast, in a recent study in 3012 initially
untreated white patients with essential hypertension followed up for a
period of 8.44 years, a blunted EMBPS (p9.5mmHg) was found to
be an independent predictor of CV events.22

Ideally, antihypertensive agents should provide smooth and sus-
tained BP control over the full 24-h circadian cycle.28 Maintaining
efficacy during the trough period can be difficult as many
antihypertensive agents are taken once daily in the morning, so a
longer duration of action would be expected to provide benefits in
terms of reducing the EMBPS.29 Telmisartan, with its long duration of
action, may help to maintain normal dipping status or improve the
dipping status to normal, and to reduce BP variability during the
early morning hours, the critical period of the morning surge.
In conclusion, studies have shown that BP variability adds to the

prediction of CV events beyond average BP levels. This seems
especially true for dipping pattern and the EMBPS, which means
that the analysis of the effects of antihypertensive treatment can no
longer be limited to average BP levels. In this retrospective analysis of
two studies of identical design, telmisartan normalizes the circadian
BP pattern to a dipper profile in a larger proportion of patients than
ramipril and reduces EMBPS in high-risk patients. This can be
expected to reduce the incidence of CV events, although a potential

Figure 2 Mean (s.e.) percentage systolic blood pressure (SBP) reduction

during sleep time by dipper type at baseline and week 14 for

(a) telmisartan and (b) ramipril.

Table 4 Transition from one dipper category to another following

14 weeks’ treatment with telmisartan or ramipril

Dipper type at 14 weeks

Dipper type at baseline

Extreme dipper,

n (%)

Dipper,

n (%)

Non-dipper,

n (%)

Riser,

n (%)

Ramipril (n¼645)

Extreme dipper (n¼59) 19 (32.2) 36 (61.0) 4 (6.8) 0 (0.0)

Dipper (n¼354) 30 (8.5) 200 (56.5) 111 (31.4) 13 (3.7)

Non-dipper (n¼209) 3 (1.4) 63 (30.1) 121 (57.9) 22 (10.5)

Riser (n¼23) 0 (0.0) 5 (21.7) 7 (30.4) 11 (47.8)

Total at 14 weeks 52 (8.1) 304 (47.1) 243 (37.7) 46 (7.1)

Telmisartan (n¼634)

Extreme dipper (n¼76) 20 (26.3) 46 (60.5) 10 (13.2) 0 (0.0)

Dipper (n¼323) 35 (10.8) 187 (57.9) 98 (30.3) 3 (0.9)

Non-dipper (n¼206) 6 (2.9) 81 (39.3) 101 (49.0) 18 (8.7)

Riser (n¼29) 0 (0.0) 2 (6.9) 17 (58.6) 10 (34.5)

Total at 14 weeks 61 (9.6) 316 (49.8) 226 (35.6) 31 (4.9)
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benefit of improved BP variability beyond average BP lowering may
take longer to materialize. Further evidence is needed from long-term
prospective trials and observational studies on the potential benefits
of a normalized circadian profile on CV outcomes.
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