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Hypertension is a major risk factor for cardiovascular and cerebrovascular diseases.
To effectively prevent end‐organ damage, maintain vascular integrity and reduce
morbidity and mortality, it is essential to decrease and adequately control blood pres‐
sure (BP) throughout each 24‐hour period. Exaggerated early morning BP surge
(EMBS) is one component of BP variability (BPV), and has been associated with an
increased risk of stroke and cardiovascular events, independently of 24‐hour average
BP. BPV includes circadian, short‐term and long‐term components, and can best be
documented using out‐of‐office techniques such as ambulatory and/or home BP
monitoring. There is a large body of evidence linking both BPV and EMBS with in‐
creased rates of adverse cardio‐ and cerebrovascular events, and end‐organ damage.
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Differences in hypertension and related cardiovascular disease rates have been re‐
ported between Western and Asian populations, including a higher rate of stroke,
higher prevalence of metabolic syndrome, greater salt sensitivity and more common
high morning and nocturnal BP readings in Asians. This highlights a need for BP man‐
agement strategies that take into account ethnic differences. In general, long‐acting
antihypertensives that control BP throughout the 24‐hour period are preferred; am‐
lodipine and telmisartan have been shown to control EMBS more effectively than
valsartan. Home and ambulatory BP monitoring should form an essential part of hy‐
pertension management, with individualized pharmacotherapy to achieve optimal
24‐hour BP control particularly the EMBS and provide the best cardio‐ and cerebro‐
vascular protection. Future research should facilitate better understanding of BPV,
allowing optimization of strategies for the detection and treatment of hypertension
to reduce adverse outcomes.

1 | I NTRO D U C TI O N

2 | M O R N I N G B LO O D PR E S S U R E S U RG E

Chronic elevation of blood pressure (BP), a complex disorder is a

Morning BP surge is a normal physiological phenomenon of circadian

major global health issue. Hypertension is a major risk factor for

or diurnal BPV. It has been defined as the difference between morn‐

1

cardiovascular and cerebrovascular disease, and accounts for ap‐

ing BP (measured 2 hours after awakening) and the lowest night‐time

proximately 45% of cardiovascular disease mortality and morbid‐

BP (Figure 1).6 High morning surge may lead to target organ damage

2

ity worldwide. The goal of hypertension management is not only

such as left ventricular hypertrophy and left ventricular mass index

to reduce BP but also to prevent end‐organ damage and maintain

(LVMI),11 arterial stiffness and carotid atherosclerosis,12-15 and renal

vascular integrity. The importance of decreasing and adequately

albuminuria.16 In addition, exaggerated EMBS surge is associated

controlling BP throughout each 24‐hour period for reducing mor‐

with other adverse cardiovascular5,6 and cerebrovascular events, es‐

tality and morbidity cannot be overemphasized. BP shows circa‐

pecially hemorrhagic stroke.6,8,17

dian variation, being higher during the day (or awake periods) and
lower at night (or during sleep). In addition, cardiovascular events
are more likely to occur in the morning. 3-8 It has been suggested

3 | B LO O D PR E S S U R E VA R I A B I LIT Y

that extreme BP variability (BPV) results in large dynamic surges
triggering adverse cardiovascular events (the resonance hypoth‐

Variability is an intrinsic property of BP, and is essential for physi‐

esis) and that cardiovascular risk is particularly exaggerated in

ological adaptability. BPV can be spontaneous and is especially strik‐

high‐risk patients with vascular disease.9 One important pheno‐

ing during physical activity, anxiety and emotional episodes. The

type of BPV is the early morning blood pressure surge (EMBS),

concept of BPV is not new and was recognized in the early 1970s,

which probably contributes to the high rate of cardiovascular

with an editorial by James Conway noting that “The diagnosis of hy‐

events occurring at that time of day.

pertension has always been bedeviled by variability in blood pressure.”18

The systemic hemodynamic atherothrombotic syndrome (SHATS),

In a simple sense, BPV can be defined as the average variation

a concept proposed by Kario and colleagues, is a vicious cycle of he‐

of BP throughout the day, quantified as the standard deviation (SD)

modynamic stress and vascular disease that advances organ damage

of ambulatory blood pressure monitoring (ABPM) recordings. There

10

and triggers cardiovascular disease.

Clinical phenotypes of SHATS

are circadian, short‐term and long‐term components to BPV. Diurnal

include large‐artery atherothrombotic diseases (such as stroke, cor‐

BPV refers to day‐to‐night changes in BP. There is also temporal

onary artery disease, and aortic and peripheral artery disease), heart

variability in BP with age due to arteriosclerosis and variability due

failure, small‐artery disease, and microcirculation‐related disease

to differences between central and peripheral arteries. As a result,

(such as chronic kidney disease and retinopathy). Appropriate de‐

BPV may need to be confirmed using a variety of measures, including

tection of BP and BPV, and the early detection and management of

beat‐to‐beat assessment, multiple manual or digital recordings, and

SHATS, should facilitate more effective individualized cardiovascular

home and/or ambulatory blood pressure monitoring. Table 1 sum‐

protection.

marizes the different indices used to assess BPV.
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F I G U R E 1 Derivation of the morning
blood pressure surges from 24‐hour
ambulatory blood pressure recordings.
The sleep‐trough morning surge is the
difference between the morning pressure
and the lowest night‐time blood pressure.
The pre‐awakening morning surge is the
difference between the morning blood
pressure and the pre‐awakening blood
pressure (From: Ref. 1; reproduced with
permission)

3.1 | Factors affecting blood pressure variability

Use of 24‐hour ABPM along with routine clinic or hospital record‐
ings can help to accurately and reliably diagnose true hypertension.

Available data indicate that ethnicity, age, sex, body mass index, so‐

Using this approach, patients can be categorized into four groups

cioeconomic status, a sedentary lifestyle, diabetes mellitus, history

(Figure 2):

of hypertension, cardiovascular disease, renal disease, and use of
drugs such as beta‐blockers are some of the important factors as‐
19-22

sociated with BPV (Table 2).

1. True normotension: normal BP readings by both clinic and

Even environmental pollution can

have an effect on BPV according to a recent study. 23

out‐of‐office BP measurement;
2. True/sustained hypertension: elevated BP readings by both
methods;

3.2 | Clinical manifestations of blood pressure
variability

3. White coat hypertension: elevated clinic BP, normal BP on ABPM;
4. Masked hypertension: normal clinic BP, elevated BP on ABPM.

The intrinsic variability in BP can make accurate diagnosis of hyper‐

In the context of BPV, a new way of looking at white coat

tension difficult, particularly when based on individual BP readings.

hypertension could be described as increased BPV with normal

TA B L E 1

Blood pressure variability indices, measures and methodology

Index/Parameter
of BPV

Proposed by
68

Methodology

Comments/Results

BPV assessment using SD and CoV was performed in 70
untreated hypertensive patients

When assessing BPV, SD depended
more on BP level than CoV.
Sympathetic activity also correlated
with BP and the SD of BP but not
with CoV

Standard deviation
(SD)

Clement et al

Coefficient of
variation (CoV)

Mancia et al69

Continuous intra‐arterial pressure recordings

SD, but not CoV, was highly
dependent on the BP level

Weighted SD

Bilo et al70

Weighted SD is the difference between MMD (maximum
minus minimum BP) and ARV (average real variability).
These were measured by ABPM and represent the mean of
day and night SD values weighted for the number of hours
covered by these two periods. ARV is the average of the
absolute differences between consecutive readings,
weighted for the between‐reading time intervals and
accounting for the order of the BP recordings

Weighted SD also depends on the BP
level

Variability
independent of
the mean (VIM)

Rothwell et al34

VIM is the within‐subject SD derived from the within‐sub‐
ject mean BP to the power of x and multiplied by the
population mean BP to the power x (the power x is
obtained by fitting a curve through a plot of SD against
mean BP level, using a model where SD = a × meanx, where
x is derived by non‐linear regression)

VIM correlated best with indices and
outcomes associated with BPV,
rather than BP

ABPM, ambulatory blood pressure monitoring; BP, blood pressure; BPV, blood pressure variability.
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TA B L E 2 Factors associated with blood pressure variability and
morning blood pressure surge
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but the detection of masked hypertension is essential because
it is associated with significantly increased cardiovascular risk if
undetected. 25 However, data from the Spanish ABPM registry

Factor
Risk factors

Aging
Hypertension
Glucose abnormality
Metabolic syndrome

Behaviors

Alcohol drinking
Smoking (Tobacco intake)
Emotional state

Diet

Sleep conditions

condition. 26

4 | B LO O D PR E S S U R E VA R I A B I LIT Y A N D
M O R N I N G B P S U RG E
4.1 | The synergistic resonance hypothesis

Salt intake

The circadian rhythm of normal BP is controlled by various neu‐

Psychological stress

rohumoral factors. Activation of the sympathetic autonomic

Excessive physical activity in the morning

nervous system and suppression of vagal tone elevates BP on

Poor sleep quality
Nocturnal hypoxia

Clocks

suggest that white coat hypertension may not in fact be a benign

Monday
Winter season
Central and peripheral clock genes

awakening. 27-29 At the same time, other hemodynamic parameters,
including heart rate, vasomotor tone, and blood viscosity, are in‐
creased. 29,30 Significantly elevated plasma epinephrine levels,
posture‐related sympathetic neural reflexes, 27 and early morning
release of renin and angiotensin II, 31 may all contribute to morning
surges. Daytime physical activity is the main factor responsible for
elevating BP during periods of wakefulness. Other factors affect‐
ing BPV are summarized in Table 3.
As per the synergistic resonance hypothesis proposed by Kario
et al,9 the EMBS can be potentiated by synergistic resonance of a
variety of other BPV components that contribute to increased car‐
diovascular risk.32-34 These include beat‐by‐beat, visit‐to‐visit, or‐
thostatic, diurnal, seasonal, annual, and physical or psychological
stress‐induced BPV.
High‐risk patients with advanced vascular disease are at in‐
creased risk of adverse cardiac and stroke events. BPV and related
hemodynamic stress in the setting of diseased macro‐ and micro‐
vasculature contributes to a vicious cycle resulting in end‐organ
damage and SHATS. 32,33,35,36 Vascular aging and remodeling, in‐
creased vascular resistance combined with increased sympathetic
vascular tone and reduced baroreceptor sensitivity are the most

F I G U R E 2 The clinical spectrum of hypertension based on clinic
and ambulatory blood pressure monitoring (ABPM) recordings. SBP,
systolic blood pressure

important factors underlying the pathophysiology of EMBS and
SHATS. 35,36 In addition, time (morning), day (Monday), and season
(winter) are also contributing factors. Daily circadian variation in
BP hemodynamics is influenced by electrolytes and neurohor‐

TA B L E 3

Factors that affect blood pressure variability

√Genetic influences
√Mechanical forces generated during ventilation
√Local vasomotor phenomenon
√Neurohumoral factors
√Arterial wall thickness
√Baroreflex mechanisms
√Seasonal influences on body temperature

monal factors. 37
Exaggerated or abnormal BPV is also associated with more
rapid progression of left ventricular mass index (LVMI) and in‐
creased carotid intima‐medial thickness.14 This was found to be
an independent predictor of cerebrovascular events 34 and was a
stronger predictor than mean BP and day‐night variability in BP. 38
Hemodynamic factors associated with BPV based on ABPM were
recently investigated. 39 The hemodynamic variable that showed
the most significant independent association with diastolic BP
average real variability (ARV) on ABPM was arterial pulse wave
reflection. 39 Elevation of inflammatory markers such as C‐reac‐

out‐of‐office BP, and masked hypertension could be described as
increased BPV and elevated out‐of‐office BP. 24 From a therapeutic
perspective, white coat hypertension is considered to be benign,

tive protein (CRP), interleukin (IL)‐6, and IL‐18 might contribute
to target organ damage at the molecular level associated with
the EMBS.12
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pulse wave velocity (PWV), white matter lesions (WML) on brain

4.2 | Cardiovascular risk

magnetic resonance imaging (MRI), and urine‐albumin creati‐

There is significant evidence for a relationship between both BPV

nine ratio (UAE). In a cohort of 3012 patients with untreated

and EMBS and increased rates of adverse cardiovascular events,

hypertension, Verdecchia et al reported that although a blunted

renal decline, and end‐organ damage.40,41 It appears that BPV and

sleep‐trough and pre‐awakening BP surge were associated with

cardiovascular risk may have a U‐shaped curve relationship, which

an excess risk of major cardiovascular events, there was no cor‐

is even more marked among patients with hypertension than those

responding increase in mortality risk.48 The results of a Systolic

with normal BP.

32

Thus, both lack of BPV and exaggerated BPV ap‐

pear to be pathological.38

Hypertension in Europe (Syst‐Eur) trial substudy suggested that
BP‐lowering therapy reduced cardiovascular complications by de‐

A number of epidemiological studies have documented a

creasing systolic BP rather than BPV and that it is the absolute

strong association between the timing of cardiovascular event

value of systolic BP that predicts risk than variability indices.49

onset and the circadian variation in BP.

3-8

It has also been shown

Thus, published data indicate that BPV definitions and termi‐

that abnormal circadian BPV with non‐dipping pattern increases

nology are inconsistent between studies, and the fact that BPV

the risk of having a stroke event.

42

In elderly hypertensive pa‐

values have poor reproducibility might contribute to conclusions

tients, Kario et al were first to demonstrate that exaggerated

that BPV is only a weak predictor of cardiovascular risk. 5,7,8,47,50

EMBS measured using ABPM was independently associated

The validity of the recordings, the predictability of variability

with stroke risk. 6 Specifically, the risk of future stroke was 2.7

indices, and the confounding effects of timing of antihyperten‐

times higher in patients who were in the top decile of morning

sive medication intake all need to be considered when evaluating

BP surge (≥55 mm Hg) compared with those whose morning

available evidence. Some authors suggest that EMBS could be an

surge was <55 mm Hg. 6 Pierdominico and colleagues found that

epiphenomenon of BPV and that it may represent only a part of

in addition to coronary events, stroke was also associated with

24‐hour BPV. 50

exaggerated EMBS, independent of 24‐hour BP.17 There was a
24% increase in stroke risk for each 10 mm Hg increase in EMBS
(P = 0.004).17 Data from meta‐analyses showed that EMBS was

5 | E V I D E N C E FRO M A S I A

associated with higher relative risks for stroke (49%), myocar‐
dial infarction (40%), and sudden cardiac death (29%). 43,44 The

Geographical location, race, and ethnicity are well‐recognized fac‐

International Database in Ambulatory BP monitoring in relation

tors influencing the prevalence of hypertension. Differences in the

to Cardiovascular Outcomes (IDACO) study found that both day‐

rates of hypertension and related cardiovascular diseases have been

time and nocturnal blood pressure monitoring provided valuable

reported between Western and Asian populations. Specific differ‐

prognostic information, stating that even isolated nocturnal rise

ences include the following:

of BP in normotensives and normal daytime BP recordings pre‐
dict cardiovascular outcomes. 45 Table 4 summarizes six import‐
ant studies using ABPM to investigate associations between the
EMBS and cardiovascular events.

1. Stroke (especially hemorrhagic stroke) is more common than
myocardial infarction in Asians;
2. Asians show a steeper association between BP and cardiovascular
disease;
3. Asians have higher salt intake than Westerners, leading to higher

4.3 | Controversies

salt sensitivity;

There is a reasonable body of evidence for the association between
abnormal BPV and EMBS and higher rates of adverse cardiac and
cerebrovascular outcomes, including mortality. However, there is
still some disagreement about the prognostic significance of BPV
and EMBS.

32,46

4. There is a high prevalence of obesity and metabolic syndrome in
Asia;
5. High morning and nocturnal BP readings are more common in
Asians.

In the large International Database on Ambulatory

Blood Pressure in Relation to Cardiovascular Outcome (IDACO)
study, exaggerated EMBS was independently associated with
cardiovascular, but not non‐cardiovascular, death.7 This may be

5.1 | China

because the patient population in IDACO was younger than that

Qin et al used ABPM retrospectively to investigate BPV, EMBS,

enrolled in some other studies. 6,17 A study from Denmark that

and associated factors in 513 elderly (≥65 years) and 188 younger

included 100 patients with newly detected diabetes used ABPM

(<65 years) Chinese patients with hypertension. 51 The EMBS was

to study EMBS and the systolic night‐day ratio (SND).

47

In hyper‐

lower in younger versus elderly patients, and was highest in those

tensive patients, these parameters have been associated with a

aged 75 to 80 years (29.0 ± 13.4 mm Hg). Compared with other

higher rate of cardiovascular events. However, the Danish study

groups, patients aged ≥80 years showed significantly greater BPV

did not show any association between EMBS and SND and sub‐

(P < 0.05). Multiple linear regression analysis showed that body

clinical markers of early vascular target organ damage, including

mass index (BMI; P < 0.01), smoking history of up to 50 years

Sleep‐trough surge,
prewaking surge

Rising surge

Prewaking surge,
sleep‐trough surge

Prewaking surge

Sleep‐trough surge

Sleep‐trough surge,
prewaking surge

Difference between
average BP in last
hour before waking
and first hour after
waking

Sleep‐trough
morning surge

Gosse et al5
(Bordeaux
cohort)

Metoki et al8
(Ohasama study)

Dolan et al4
(Dublin Outcome
Study)

Amici et al3

Li et al7 (IDACO)

Israel et al71

Verdecchia et al48

6

Morning surge
definition (ABPM)

3792 pts with initially untreated
hypertension (mean 51 y)

2627 pts with hypertension (mean

5645 subjects from eight popula‐
tions (mean 53 y)

10 normotensive and 32 well‐con‐
trolled hypertensive elderly
outputs (mean 66 y) with mean
24‐hour BP <135/85 mm Hg

11 291 referred hypertensive
patients off‐medication (mean 55 y)

1430 community‐dwelling subjects
aged ≥40 y (mean 61 y)

507 untreated pts with hyperten‐
sion (mean 49 y)

519 unmedicated elderly Japanese
pts with hypertension (mean 72 y)

Patients

8.4 y

22 353
person‐y
(median
6.5 y)

11.4 y

5.0 y

5.3 y

10.4 y

7.7 y

3.4 y

Mean
follow‐up

Major CV events

All‐cause mortality

CV, cardiac, coronary, and
cerebrovascular events

CV events

CV mortality, stroke
mortality, and cardiac
mortality

Stroke

CV events

Stroke

CV endpoint

(Continues)

BP surge of ≤9.5 mm Hg was associated with increased risk of CV
events (adjusted HR 1.66, 95% CI 1.14‐2.42; P = 0.009). Excessive
BP surge did not increase the risk of CV events

After adjustment for age, sex, hypertension and diabetes treatments,
and 24‐h SBP, morning surge above vs below the median
(12 mm Hg) was associated with significantly lower mortality (HR
0.61, 95% CI 0.47‐0.79; P < 0.001). This association was significant
in dipping (HR 0.49, 95% CI 0.34‐0.73;P < 0.001), but not non‐dip‐
ping (HR 0.90, 95% CI 0.60‐1.34) pts

For all CV, cardiac, coronary and cerebrovascular events, and
all‐cause mortality, the HR values for the top decile of the systolic
sleep‐trough surge (>37 mm Hg) compared with the average risk in
the whole study population were 1.30 (P = 0.01), 1.52 (P = 0.004),
1.45 (P = 0.03), 0.95 (P = 0.74), and 1.32 (P = 0.004), respectively

Those with a sleep‐trough surge ≥34 mm Hg (highest tertile: T3) had
higher CV risk than those with a surge <34 mm Hg (T1 and T2; 5
events vs 0 events; P = 0.001)

HR values for total CV, stroke, and cardiac mortality associated with
a 10‐mm Hg increase in morning surge were 1.38 (95% CI
1.31‐1.45), 1.37 (1.23‐1.51), and 1.39 (1.30‐1.49), respectively.
These remained statistically significant after adjusting for covariates
including age and 24‐h BP

Those with a prewaking surge >25 mm Hg (highest quintile: Q5) had a
higher hemorrhagic stroke risk vs Q2 (surge 3.0‐11.0 mm Hg) (HR
4.0; P = 0.04). Those with a sleep‐trough surge >40 mm Hg (Q5) had
a higher hemorrhagic stroke risk vs Q2 (16.0‐23.0 mm Hg surge) (HR
8.9; P < 0.05)

The rate of CV events increased in parallel with increasing BP surge
quartile (Q1: 4.0%; Q2: 2.3%; Q3: 7.1%; Q4: 11.0%; P = 0.02). In
multivariate analysis, the association between rising BP surge and
CV events remained a significant independent predictor.
Independent of age and 24‐h BP (P = 0.009)

Those with sleep‐trough surge >55 mm Hg (highest decile) had a
higher stroke incidence than those with a surge <55 mm Hg (19.0%
vs 7.3%; P = 0.004). After matching for age and 24‐h BP, the RR in
the surge vs nonsurge group was 2.7 (P = 0.04)

Main findings

Studies demonstrating the association between early morning blood pressure surge (based on ambulatory blood pressure monitoring) and cardiovascular events

Kario et al
(JMS‐ABPM
study)

Author

TA B L E 4

SOGUNURU et al.

|
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1191 pts with treated hypertension
(mean 69 y)

81 pts with hypertension (mean
56 y)

2020 pts with hypertension (mean
55 y)
391 elderly pts with treated
hypertension (mean 69 y)

Prewaking surge

Sleep‐trough
morning surge

Sleep‐trough
morning surge

Prewaking surge

Pierdomenico et
al72

Abdel‐Khalik et
al73

Cheng et al74

Pierdomenico et
al75

9.3 y

Median
19.7 y

3y

9.1 y

9.1 y

Mean
follow‐up

Composite of stroke,
coronary events, heart
failure and peripheral
revascularization

All‐cause and CV mortality

CV events

Coronary events

Stroke

CV endpoint

Compared to dippers with normal morning surgein adjusted
multivariate analysis, dippers with high morning surge (HR 2.52,
95% CI 1.29‐4.93; P = 0.007) and nondippers (HR 2.09, 95% CI
1.19‐3.68; P = 0.01) had significantly higher CV risk

The rate of increase (but not the magnitude of the increase) in
morning BP was significantly associated with all‐cause (HR 1.7, 95%
CI 1.2‐2.3) and CV mortality (HR 2.6, 95% CI 1.6‐4.4).

Pts with a CV event had higher morning surge (P < 0.0001) and a
nondipper pattern (P = 0.0171). A morning surge cut‐off of
41 mm Hg has sensitivity/specificity of 100%/80% to predict
cardiovascular events, and a cut‐off of 33 mm Hg had sensitivity/
specificity of 91%/79% to predict acute coronary syndrome (both
P < 0.001).

Dippers in the third tertile of morning surge SBP (>23 mm Hg) and
nondippers were at higher coronary event risk than dippers with
morning SBP surge<23 mm Hg (HR 1.912, 95% CI 1.048‐3.488;
P = 0.03 and HR 1.739, 95% CI 1.074‐2.815;P = 0.02)

Based on tertiles of morning surge in SBP (≤2.5 mm Hg, >2.5 and
≤11.5 mm Hg, and >11.5 mm Hg), the number of stroke events was
51, 39 and 49, respectively (NS). In dippers, morning surge in SBP of
>23 mm was associated with a significantly higher risk of stroke (HR
2.08, 95% CI 1.03‐4.23; P = 0.04)

Main findings

BP, blood pressure; CI, confidence interval; CV, cardiovascular; h, hour; HR, hazard ratio; NS, not statistically significant; pts, patients; Q, quartile or quintile; RR, relative risk; SBP, systolic BP; T, tertile; y,
years.

1191 pts with treated hypertension
(mean 69 y)

Patients

Prewaking surge

Morning surge
definition (ABPM)

(Continued)

Pierdomenico et
al17

Author

TA B L E 4
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(P ≤ 0.03), and circadian BPV (P < 0.01) were associated with
EMBS.

51

331

6 | M A N AG E M E NT S TR ATEG I E S

In a study of 340 patients from China, the proportion

of subjects with EMBS was higher in patients with hypertension

Given the role of BPV and EMBS in contributing to an increased risk

compared with normotensive participants. 52 In addition, daytime

of cardiovascular events, effective detection and management of

SBP was the best predictor of the rate of morning surge in SBP,

these important manifestations of hypertension is critical. Several

52

international guidelines advocate the use of out‐of‐office BP meas‐

and EMBS was associated with cardiovascular and stroke events.

urements for the diagnosis and monitoring of hypertension.58-60

5.2 | Japan
The Jichi Medical University—Ambulatory Blood Pressure Monitoring

These approaches maximize the chances of detecting BPV and
EMBS, facilitating appropriate interventions to reduce cardiovascu‐
lar risk.

(JMU‐ABPM) study investigated the association between the time

In general, long‐acting antihypertensive drugs that control BP

of onset of events and morning BP surge. The results showed that

for 24 hours are preferred to short‐ or intermediate‐acting drugs.

the incidence of stroke events in the morning hours was higher in

However, even long‐acting drugs vary in their ability to effectively

subjects with exaggerated morning BP surge than in those without

control 24‐hour BP, including the EMBS. In the VALUE (Valsartan

exaggerated morning BP surge (Table 4).6 Hoshide et al showed that

Antihypertensive Long‐term Use‐Evaluation) trial, amlodipine was

ethnic differences exist between European and Japanese patients

more effective at controlling the morning BP surge compared with

with hypertension, including a higher sleep‐trough morning surge in

valsartan.61 Among angiotensin receptor blockers (ARBs), an 80 mg

those from Japan versus Europe.53 For patients with resistant hyper‐

dose of telmisartan was better at controlling EMBS than valsartan.62

tension, Japanese have significantly higher morning SBP levels, mov‐

Current guidelines recommend the use of full doses or maximum

ing peak morning SBP, morning dynamic surge and night dynamic

tolerable doses of antihypertensive drugs, either alone or as com‐

surge compared with Black and White Americans, again highlighting

bination therapy.58,63-66 Combination therapy with two agents (one

the presence of ethnic differences.54

of which should ideally be a diuretic, plus an angiotensin‐converting
enzyme inhibitor or ARB) are preferred over higher doses of mono‐

5.3 | India

therapy. If short‐ or intermediate‐acting drugs or split drug dosing is
used, bedtime intake may improve morning BP control.

The incidence of hypertension, diabetes, and cardiovascular dis‐

Based on the pathophysiological basis that morning BP surge

ease burden in India is rapidly increasing. However, there are few

may be related to activation of the sympathetic nervous system

large‐scale studies on BPV and EMBS in the Indian population.

and renin‐angiotensin‐aldosterone system (RAAS), it would be

One study in 122 consecutive patients with diabetes showed that

logical to use drugs that have mechanisms of action involving

poor glycemic control and insulin resistance predicted the occur‐

these pathways. However, the best clinical evidence comes from

rence of morning BP surge. 55 Sultana et al studied the role of ge‐

the Anglo‐Scandinavian Cardiac Outcomes Trial‐Blood Pressure

netic factors in BPV among the Kumba community from the state

Lowering Arm (ASCOT‐BPLA), which included ambulatory BP re‐

of Chattisgarh, India. 56 The study compared members of two fami‐

cordings in 1905 high‐risk hypertensive patients. 67 The results

lies consisting of three to four generations which showed signifi‐

showed that amlodipine was more effective than atenolol for con‐

cant differences in 24‐hour mean BP values, BPV, and nocturnal

trolling nocturnal BP due to its longer duration of action. Available

dipping in systolic BP. 56

evidence suggests that it is appropriate to consider home and
ambulatory BP monitoring as an essential part of hypertension

5.4 | Taiwan

assessment, and to tailor pharmacotherapy to achieve optimal 24‐
hour BP control and therefore maximize the benefits of treatment

The prognostic value of long‐term BPV was studied in a Taiwanese

with respect to mitigation of cardio‐ and cerebrovascular disease

community‐based population (n = 1257) using ABPM.57 The popu‐

risk.

lation included normotensives and those with untreated hyper‐
tension, and looked at the relationship between baseline BPV and
20‐year all‐cause and cardiovascular mortality. BPV was assessed

7 | CO N C LU S I O N

using the read‐to‐read average real variability of 24‐hour systolic
and diastolic BP values (ARVs and ARVd, respectively). In a Cox pro‐

Systemic hypertension is a major modifiable cardiovascular risk fac‐

portional hazards analysis, ARVd predicted cardiovascular mortality

tor. BPV and EMBS are important hypertension biomarkers and sig‐

independently of office systolic BP. In patients with hypertension, a

nificant, independent predictors of adverse cardiovascular events and

high versus low ARVd predicted cardiovascular mortality, even after

SHATS. Single clinic or office BP readings may underestimate both the

adjustment for conventional risk factors, and office systolic BP or

prevalence and severity of hypertension and associated risks. Ideally,

24‐hour systolic BP. Associations for ARVs were similar, but not as

beat‐to‐beat continuous monitoring is the best way to assess hyper‐

strong. However, no such associations were seen in the normoten‐

tension and BPV, and the EMBS is a simple and predictable measure of

sive group.57

BPV. Systemic hypertension and associated risks have a multifactorial
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etiology, including intrinsic neurohumoral factors (eg, the RAAS) and
external behavioral and environmental factors. Therefore, a holistic
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REVIEW

Blood pressure variability over 24 h: prognostic
implications and treatment perspectives. An
assessment using the smoothness index with
telmisartan–amlodipine monotherapy and combination
Gianfranco Parati1,2 and Helmut Schumacher3
In-office blood pressure (BP) measurements have recognized limitations, including the inability to collect BP information over a
long period of time, and during an individual’s usual daily activities. Home or ambulatory BP monitoring (ABPM) may therefore
be used to complement conventional office measurements, thereby improving prognostic value. Of particular relevance is the
ability of 24 h ABPM to quantify the degree of BP variability over 24 h, which has been shown to be a significant and
independent risk factor for cardiovascular (CV) morbidity and mortality. Twenty-four hour BP variability is indeed strongly
associated with clinical outcomes, and the ability of ABPM to provide a quantification of BP throughout the 24-h period during
an individual’s normal daily routine is one of the reasons for its high prognostic value. The smoothness index (SI) provides
a useful measure of antihypertensive treatment efficacy over the 24 h dosing period, its values being highest with
antihypertensive agents that have large and consistent effects across 24 h. Telmisartan and amlodipine are long-acting
antihypertensive drugs that, in combination, not only reduce 24 h mean BP more than the respective monotherapies but
also provide a significantly greater SI. The provision of homogeneous 24 h BP control has important clinical implications.
Maintaining smooth BP over the entire 24 h dosing period may contribute to the improvement of CV outcomes, and reductions
in BP variability may decrease end organ damage, and reduce CV risk.
Hypertension Research (2014) 37, 187–193; doi:10.1038/hr.2013.145; published online 5 December 2013
Keywords: 24 h ambulatory BP monitoring; amlodipine; BP variability; smoothness index; telmisartan

INTRODUCTION
The importance of effective blood pressure (BP) control to reduce
cardiovascular (CV) morbidity and mortality has been strongly
reinforced by extensive epidemiologic evidence over the past 30 years.
The assessment of a patient’s BP may be performed using different
methods, including in-office BP (OBP) measurement, home BP
monitoring (HBPM) or ambulatory BP monitoring (ABPM) over
24 h. It is now understood that the measurements acquired during
office visits do not provide a comprehensive understanding of an
individual’s BP profile and may be of limited prognostic value,1 which
highlights the need for regular out-of-office BP monitoring in clinical
practice, to complement conventional OBP measurements.2,3
An important aspect of the information provided by ABPM is the
ability to quantify the degree of BP variability over 24 h, which has
been shown to be a significant and independent risk factor for CV
morbidity and mortality.4–6 BP variability includes both short-term
and circadian components; the latter of which consists of BP
1Department

reduction during sleep, a feature that may exhibit great interindividual variability, and an early morning rise that coincides with
the peak incidence of CV events.7
This review will summarize the latest evidence on ABPM in treated
hypertensive patients, including its relationship to clinical outcomes.
It will emphasize the value of the smoothness index (SI) as an
independent measure of the effects of treatment on 24 h BP profile,
with implications for protection against hypertension-related organ
damage. The review will conclude by examining the effects of
antihypertensive drugs on 24 h BP profile, illustrating these with
recent data that demonstrate the effective reduction of BP variability
by two long-acting drugs, telmisartan and amlodipine, alone and in
combination.
OFFICE VS. AMBULATORY BP MEASUREMENTS
Conventionally, BP assessment is based on measurements taken inoffice.3 However, BP is a highly variable physiologic parameter that
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typically fluctuates markedly over 24 h, in both normotensive
individuals and in those with treated or untreated hypertension,
making isolated office BP readings unable to describe the BP patterns
of a given patient accurately.8 The ability of isolated office readings to
reflect patients’ prevailing BP levels faithfully is further impaired in
subjects with so-called ‘white-coat hypertension’, also termed ‘isolated
office hypertension’, characterized by an elevation in OBP associated
with normal home and/or ambulatory BP values. This phenomenon
may be related to an emotional alarm reaction to having readings
taken by a doctor or nurse in a clinical setting.1,9 Similarly, the reverse
phenomenon of ‘masked hypertension’, whereby a patient exhibits a
normal clinic BP associated with elevated home or ambulatory BP
values, may also result in diagnostic or treatment errors and
contribute to elevated CV risk.3,9,10 Both white-coat and masked
hypertension are frequent clinical entities that cannot be identified
through office measurements alone and may be responsible for a large
number of incorrect diagnoses.11 White-coat hypertension is present
in an estimated 15–20% of patients and masked hypertension has an
approximate prevalence of 10–15%.10,12,13 Therefore, reliance solely
on occasional OBP measurements may result in both inaccurate
diagnosis and inappropriate treatment decisions in a substantial
proportion of patients.
Fluctuations in BP are the product of complex and intricate
interactions between behavioral, humoral, central and reflex neural
influences.14–16 Variability in BP is especially marked in patients with
a history of previous transient ischemic attack or stroke, making an
accurate BP evaluation from single office measurements particularly
challenging in these patients.17 OBP measurements may be susceptible
not only to temporal variability of BP within individuals but also to
variations in technique (for example, observer bias, digit preference)
or non-adherence to recommended BP measuring protocols. Given
the dynamic nature of BP and the procedural limitations of in-office
readings, a diagnosis of hypertension based exclusively on physician’s
office readings may thus not always be satisfactory.18–20
Technologic developments have enabled more practical measurement outside of the clinician’s office. HBPM involves semiautomated
measurements that are initiated by the patient, and may be performed
daily, over the 7 days preceding any clinic or office visit, typically in
the morning and evening,1,10 thus providing information on average
daily life BP levels, on their day-by-day variability as well as on longterm BP control in treated patients. ABPM provides automated BP
readings in daily life conditions, making it possible to take numerous
oscillometric BP measurements throughout the day, while patients
engage in their routine activities, as well as during night-time sleep.
Both approaches are strongly supported by current guidelines as they
may circumvent some of the limitations of OBP measurements,1,2,10
particularly in cases of suspected white-coat or masked hypertension.
In addition, these methods of BP measurement are not susceptible to
observer bias.2,18,21
Antihypertensive treatment has differential effects on OBP measurements and 24 h ABPM.22 Typically, the effect of antihypertensive
treatment is greater on OBP measurements than on 24 h average ABP
values, and is unevenly distributed between day and night. This
suggests that a more systematic adoption of ABPM in clinical trials
should be implemented, as ABPM adds valuable information to OBP
readings, in particular when assessing the homogeneity of BP
reduction in daily life induced by antihypertensive treatment.
PROGNOSTIC VALUE OF 24 h ABPM
There is substantial evidence to indicate that markers of target organ
damage linked to hypertension (for example, left ventricular (LV)
Hypertension Research

hypertrophy, LV systolic and diastolic dysfunction, micro-albuminuria, cerebral lacunae at nuclear magnetic resonance imaging,
carotid wall thickness and structural alterations of micro-vessels)
are more closely and reliably correlated to 24 h average ambulatory BP
values than to occasional OBP readings.23–28 Monitoring BP over 24 h
is also a better predictor of clinical outcomes, as shown in the Systolic
Hypertension in Europe (Syst-Eur) trial. Although a 10-mm Hg
higher conventional systolic BP (SBP) at randomization in Syst-Eur
was not associated with a worse prognosis, a 10-mm Hg higher 24 h
BP was associated with an increased hazard rate of most CV outcome
measures.18 In the Office vs. Ambulatory blood pressure (OvA) study,
ABPM provided additional predictive information in relation to CV
outcomes in treated hypertensive patients, after adjustment for OBP
values.26 A large prospective study of 5292 untreated hypertensive
patients referred to a single BP clinic further verified the superiority of
ABPM over OBP values in predicting CV mortality.27
Although 24 h ABPM is evidently a useful marker in a clinical trial
setting, there is as yet only limited application of this technique in
clinical practice. The international Ambulatory blood pressure
Registry: TEleMonitoring of hypertension and cardiovascular rISk
project (ARTEMIS) is the first international ABPM registry,29 which
aims to provide information on the real level of out-of-office BP
control and CV risk reduction for hypertensive patients worldwide.
The ARTEMIS database presently includes more than 15 000
hypertensive patients from 41 different countries over five
continents. Through a series of research studies focusing on ABPM,
ARTEMIS aims to promote the correct use and interpretation of outof-office BP monitoring techniques in clinical practice, with an
ultimate aim of improving both BP control in daily life and disease
management in hypertension.
BP VARIABILITY OVER 24 h AND RELATIONSHIP TO CLINICAL
OUTCOMES
BP variability is linked to elevated mean BP levels—an increase in the
latter typically being accompanied by an increase in the former.
Nevertheless, BP variability does appear to contribute independently
to CV risk, over and beyond the effect of elevated mean BP
levels.4,19,30,31 For example, patients with greater than 15-mm Hg
s.d. of daytime SBP are at a significantly increased relative risk of the
development of early atherosclerosis and CV events, independent of
their absolute BP levels.32 Some specific features of the 24 h BP
variability are of interest, not only because they cannot be detected by
office BP measurements but also because they are associated with
target organ damage and the risk of cardiac and cerebrovascular
events. The early morning BP ‘surge’ (EMBPS), a transient increase in
both SBP and diastolic BP (DBP) during the morning hours around
the time of rising,8 is one pattern of variability linked to poor
prognosis.33 For example, a cross-sectional study in 743 patients
found a strong correlation between target organ damage and the
EMBPS at the time of rising.34,35 A 10-mm Hg increase in the EMBPS
has been shown to increase stroke risk by 22%, independent of age
and average 24 h BP.36 This phenomenon is of clinical significance as
poor control during the early morning hours is very common, even in
patients who have apparently controlled in-clinic BP.37–39
Antihypertensive treatment that is able to achieve sustained BP
control might blunt the EMBPS and help to reduce the incidence
of these events.40
As well as early morning fluctuations, BP patterns during the
night-time are also important and may even be of greater prognostic
significance. Night-time BP patterns vary greatly from one patient to
another. A number of clinical trials have demonstrated that a higher
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nocturnal BP and an increased night-to-day SBP ratio are both
independent predictors of CV events, suggesting that night-time BP is
an important and independent contributor to the overall BP load on
the CV system.18,32,41–43 In the general population, BP falls by B10–
20% of daytime values during sleep, a phenomenon known as
‘dipping’. In some hypertensive subgroups, this nocturnal drop may
be drastically reduced or even abolished, leading to a so called ‘nondipping’ phenomenon, which has been associated with a greater
prevalence of subclinical organ damage, increased CV risk and
stroke.42 The causes of nocturnal non-dipping are not clear,
although obstructive sleep apnea may be responsible in some
patients, and non-dipping is more common in patients with
diabetes mellitus.44–46 Damage to autonomic CV regulation in
diabetes mellitus or the presence of organ damage may impair the
ability of vessels to dilate and this may affect circadian BP
fluctuations.47,48 It is believed that non-dipping is also associated
with more rapid decline in renal function in diabetic nephropathy.49
A further subgroup of patients may exhibit inverse dipping, also
termed nocturnal BP rising, with a nocturnal BP increase compared
with daytime BP. This phenomenon is associated with a poor
prognosis for stroke and CV events.50
In other hypertensive patients, termed ‘extreme dippers’, the nighttime BP reduction may be highly pronounced, with BP falling more
than 20% lower than the daytime BP.51 Extreme dippers tend to have
greater variability of BP than dippers and are at risk for non-fatal
ischemic stroke and silent myocardial ischemia,47,50 although this
finding has not been confirmed in all studies and it is not clear
whether this increased risk is related to the excessive night-time drop
in BP or to the related large EMBPS that occurs upon rising.
On the basis of the evidence gathered over the past decade
regarding these features of BP, it has been suggested that drugs
capable of providing smooth 24 h BP control, or of reducing BP
variability, may protect against target organ damage.4,19,52 In nondipper or reverse dipper patients, improving the nocturnal BP decline
through proper titration and scheduling of antihypertensive treatment
might improve prognosis by specifically reducing the risk of CV
events and stroke.42 Homogeneous BP control has been directly
correlated with treatment-induced regression of LV hypertrophy as
well as to a slower progression of carotid atherosclerosis, further
demonstrating the clinical importance and relevance of smooth 24-h
BP control.53–55
ASSESSMENT OF TREATMENT EFFICACY IN REDUCING BP
VARIABILITY OVER 24 h
Two different approaches have been used to assess the ability of a
given treatment to induce a smooth reduction of BP over 24 h, leading
to a reduction in 24 h BP variability: the assessment of trough:peak
(T:P) ratio and the estimate of the smoothness index (SI).
The T:P ratio during 24 h is an index of the distribution of BP
reduction offered by a particular drug over 24 h and indicates the
duration of the antihypertensive effect of drug treatment.56,57 The
trough value used is the mean change in SBP and DBP during the
final hours of the 24 h dosing period (for example, in the 2 h before
next dosing) and the peak value is defined as the mean change in SBP
and DBP during the period when the BP change is maximal (for
example, 2–8 h post dosing).56,58 In a study, the overall group T:P
ratio may be obtained by either dividing the mean change in trough
BP by the mean change in peak BP or by calculating the median (plus
the upper and lower quartile and the extreme values of the
distribution) of the individual T:P ratios. The latter approach may
be used because the individual T:P ratios do not show a normal

Table 1 SBP trough-to-peak ratios for antihypertensive
monotherapies
SBP T:P ratio

t½, or range

Drug class

Monotherapy

or range thereof

thereof (h)

Source

ARB

Azilsartan
Telmisartan

0.95a
0.92b

11
Up to 24

58, 81

Candesartan
Olmesartan

0.82a
0.60–0.80c

CCB

ACE inhibitor

62, 82
58, 83

9
13

65, 65

Valsartan
Losartan

0.65a
0.62a

6
2 (6–9 for metabolite)

66, 84

Irbesartan
Amlodipine

0.57a
0.85a

11–15
35–50

62, 84

Diltiazem SR
Nitrendipine

0.20–0.80a

6–8
12–14

87, 88

0.10–0.80a

Lisinopril
Ramipril

0.63d
0.50–0.63a

12.6
13–17

90, 91

Captopril

0.25a

2

87, 93

62, 85

70, 86

87, 89

87, 92

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker;
BP, blood pressure; CCB, calcium channel blocker; SBP, systolic blood pressure; SR, sustained
release; t½, plasma elimination half-life; T:P, trough:peak ratio.
aMean values.
bRatio of reduction in trough BP to reduction in maximal diurnally-adjusted BP.
cNot mentioned.
dMedian value.

distribution. An illustrative selection of T:P ratios for some
antihypertensive
agents
is
depicted
in
Table
1.
A high T:P ratio with a value close to 1 is an indication of a long
duration of action and optimal therapeutic coverage for 24 h or even
longer. However, although the T:P ratio has some utility in comparing
average 24 h efficacy of drugs or combinations in groups of patients, it
is a fairly crude measure of BP variability in treated patients and
cannot be used individually given its limited reproducibility and its
susceptibility to behavioral influences over the narrow time intervals
where it is computed. Because of this limitation, it may lead to
extreme values in both directions when calculated for an individual
patient, when the peak or the trough effect is close to zero, for
example.
The SI provides a measure of the consistency and magnitude of BP
reduction by a given treatment throughout 24 h. To calculate the SI,
the mean of the 24 hourly changes in BP from baseline (DH0 24) is
divided by its own s.d., that is, DH0–24/s.d.DH, (Figure 1).53 A high SI
with a value greater than 1 is most desirable, indicating a large but
also consistent BP reduction. The SI has been shown to be
significantly affected by ethnicity, sex, smoking status, age and
baseline 24 h mean BP.59 The SI for systolic and diastolic ABP was
lower in men, black patients, smokers and those who were older or
had lower baseline BP. For both mono and combination therapy, SI
was higher with increased baseline 24 h mean BP (both Po0.0001),
and lower with higher baseline 24 h ABP variability (both
Po0.0001).59 The SI is also an indirect index of the occurrence of
a reduction in BP variability during treatment, its values being
inversely related to BP variability under treatment, with the latter
being assessed by the s.d. of 24 h average BP.53
The SI has also been shown to be an independent predictor of
treatment-induced reductions in target-organ damage. The SI may
indeed have a higher predictive value than other BP-derived parameters. For instance, two studies have found a correlation between
treatment-induced reductions in LV mass index and SI, but not with
changes in office BP, with mean 24 h ABPM values, or with the T:P
ratio.53,60 Likewise, correlation has been identified between changes in
Hypertension Research
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Figure 1 Examples to illustrate calculation of the (a) trough-to-peak ratio
and (b) SI from hourly BP values obtained before and during treatment
(using ABPM). BP, blood pressure; DH, average of treatment-induced BP
reductions from baseline for each hour; s.d., standard deviation of the
average hourly blood pressure reductions; SI, smoothness index; T:P,
trough:peak ratio.

Figure 2 Reduction of the EMBPS with telmisartan 80 mg or ramipril
10 mg. EMBPS, early morning blood pressure surge; SBP, systolic blood
pressure. ***P ¼ 0.0001 vs. ramipril.

carotid artery wall thickness during therapy and the treatment effect
on SI, but not with changes in T:P ratio, or absolute 24-h BP
reductions.55
EFFECTS OF ANTIHYPERTENSIVE TREATMENT ON SI
Available antihypertensives vary widely in their duration of action, as
a consequence of pharmacodynamic and pharmacokinetic differences.61 To illustrate how drugs with a long duration of action
can affect measures of 24 h variability, we have examined 24 h
ambulatory BP data from clinical trials of the angiotensin II
receptor blocker, telmisartan and the calcium channel blocker
(CCB), amlodipine. Both of these drugs have specific pharmacologic and pharmacokinetic characteristics that make them suitable for
providing consistent BP reductions throughout the 24 h dosing
period. Telmisartan has a longer plasma half-life and receptor
dissociation half-life than other angiotensin II receptor blockers
currently available.62–64 The elimination half-life of telmisartan is
B24 h,62 compared with 13 h for olmesartan,65 11–15 h for irbesartan62 and 6 h for valsartan.66 On the basis of these characteristic
features, it is therefore not surprising that telmisartan has been shown
to provide sustained 24 h BP reduction. Telmisartan 80 mg provided
significantly greater BP reductions compared with valsartan 160 mg,
particularly during the last 6 h of the 24 h dosing interval when
incidences of BP-related complications are at their highest.7,67 A large
practice-based study in more than 25 000 hypertensive patients
showed that telmisartan either alone or in combination with a
thiazide diuretic reduced the EMBPS and reduced home BP
variability throughout the day.68 Telmisartan reduces the EMBPS to
a greater extent than the angiotensin-converting enzyme inhibitor,
ramipril (Figure 2).69
Of the CCBs currently available, amlodipine has the longest
elimination half-life, of 35–50 h,70 compared with 19 h for
lacidipine,15–20 h for felodipine and 2–7 h for verapamil, diltiazem
and nifedipine.71,72 Amlodipine, like telmisartan, also has slow
receptor dissociation kinetics.73 Amlodipine through gradual and
prolonged reduction in BP due to long-lasting vasodilation may be
associated with less reflex tachycardia and reduced likelihood of
Hypertension Research

Figure 3 Comparison of the 24 h SBP/DBP SIs for seven antihypertensive
monotherapies. A5, amlodipine 5 mg; DBP, diastolic blood pressure; L50,
losartan 50 mg; R10, ramipril 10 mg; SBP, systolic blood pressure; T40,
telmisartan 40 mg; T80, telmisartan 80 mg; V80, valsartan 80 mg; V160,
valsartan 160 mg. *Po0.05; wPo0.01; zPo0.001; yPo0.0001 P-values
indicate lower SI vs. telmisartan 80 mg. Data are based on nine trials
involving 3928 monotherapy-treated patients.

negative inotropic effects.72 Both telmisartan and amlodipine are
effective in improving the SI in monotherapy. A meta-analysis of 5188
patients in 11 randomized, controlled studies used the SI to evaluate
and compare the 24 h antihypertensive efficacy of telmisartan,
losartan, valsartan, ramipril, amlodipine or a combination of
angiotensin II receptor blocker plus hydrochlorothiazide. This
analysis showed that telmisartan 80 mg and amlodipine 5 mg have a
similar SI, which was higher than that of other angiotensin II receptor
blockers and of ramipril (Figure 3).59 Across the CCBs, the 24 h SI
value for amlodipine 5 mg in the meta-analysis59 was higher than
those of manidipine and lercanidipine in patients with mild-tomoderate hypertension,74 nifedipine gastrointestinal therapeutic
system (GITS) in patients with essential hypertension,75 felodipine
in elderly patients76 and was lower than that of diltiazem 180 mg in
patients with essential hypertension.77
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A post hoc analysis of two large randomized trials, the Anglo
Scandinavian Cardiac Outcomes Trial Blood Pressure Lowering Arm
(ASCOT-BPLA) and the Medical Research Council, found that
both short- and long-term between-visit BP variability was lower
in hypertensive patients treated with amlodipine compared with
atenolol.52 A lower risk of stroke and coronary events was observed in
patients treated with amlodipine, and the low BP variability seen with
amlodipine treatment may at least in part explain the reduced risk of
stroke in this group.
It is now widely accepted that, in order to achieve effective and
sustained control of BP, many hypertensive patients will need
combination therapy using antihypertensive agents of different
classes, preferably with complementary mechanisms of action.2,3
Combinations of renin–angiotensin system inhibitors with CCBs are
commonly used in clinical practice because their complementary
modes of action provide good BP lowering and a lower incidence of
peripheral edema than CCB monotherapy.78
In combination, telmisartan and amlodipine give increased BP
reductions when assessed by both in-office measurements and by 24 h
ABPM.78 In a randomized, controlled, 4  4 factorial design study,
1461 patients received telmisartan (20, 40 or 80 mg) in combination
with amlodipine (2.5, 5 or 10 mg).78,79 In a recent post hoc analysis of
this study, SIs were calculated for the 440 patients receiving clinical
doses of these agents (amlodipine 5 or 10 mg, telmisartan 40 or
80 mg). The patients in this analysis were mostly o65 years old
(86.6%; mean age 53 years) and their 24 h mean ambulatory BP at
baseline was 143.1/87.4 mm Hg. This analysis demonstrated for the
first time the dose-dependency of the SI and the magnitude of the
effect that can be expected from treatment with a combination of

two long-acting agents (Figure 4).80 Improvements of the SI were
significantly greater with all combinations (except the lowest dose
T40/A5) than with either monotherapy, and the SI achieved with the
highest-dose combination (telmisartan 80 mg/amlodipine 10 mg) was
around twice the SI achieved with amlodipine monotherapy. This is
in line with the effects observed in this study on 24 h average
ambulatory BP values (mean SBP/DBP reductions from baseline in
24 h ABPM for telmisartan 80 mg/amlodipine 10 mg were –22.4/–
14.6 mm Hg, compared with –11.9/–6.9 mm Hg for amlodipine 10 mg
and –11.0/–6.9 mm Hg for telmisartan 80 mg monotherapies
(Po0.0001 for each comparison)).
CONCLUSIONS
Both the magnitude of BP reductions and the control of BP variability
may be important in the prevention of CV and cerebrovascular events.
ABPM provides an opportunity to obtain measurements of BP
throughout the 24 h period during an individual’s normal daily
routine, and its use is therefore recommended in many patients (94)
to complement conventional OBP measurements.
The SI is a useful measure that integrates the assessment of mean
BP reductions with the assessment of the degree of concomitant
reduction in BP variability, offering a comprehensive evaluation of
treatment effects on BP throughout a 24 h period, with antihypertensive agents characterized by large and consistent effects across 24 h
having the highest SI values.
The SI can be used to compare the 24 h BP-lowering profiles of
different drugs and drug combinations. The combination of telmisartan and amlodipine, which have pharmacokinetic characteristics
that make them suitable for providing consistent BP reductions
throughout the 24 h dosing period, has been shown not only to
reduce 24 h mean BP more than the respective monotherapies but
also to yield SI values significantly greater compared with the SIs
observed with either monotherapy. These findings support guideline
recommendations for the use of combination therapy for most
patients whose BP is above goal, and further suggest that such a
combination should employ long-acting agents when possible, as
these help to maintain a homogeneous and smooth 24 h BP profile.
The provision of homogeneous 24 h BP control has important clinical
implications. Maintaining smooth BP over the entire 24 h dosing
period may contribute to the improvement of CV outcomes, and
reductions in BP variability may decrease end organ damage and
reduce CV risk.
The use of ABPM and HBPM are already strongly supported by
clinical hypertension guidelines.94 HBPM is easier to use, which helps
physicians and patients maintain better control, track treatment also
over a long-term follow-up and reduce clinic visits, but HBPM does
not have the ability to track nighttime BP, which is an independent
predictor of CV risk. Although the use of ABPM has increased over
the years, there remains a need for more information and guidance on
24 h ambulatory BP techniques in clinical practice. The ARTEMIS
project will help to promote best practice in ABPM in order to
improve disease management and CV risk reduction.
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Abstract: This review discusses the rationale for earlier use of single-pill combinations (SPCs)
of antihypertensive drugs, with a focus on telmisartan/amlodipine (T/A) and telmisartan/
hydrochlorothiazide (T/H) SPCs. Compared with the respective monotherapies, the oncedaily T/A and T/H SPCs have been shown to result in significantly higher blood pressure (BP)
reductions, BP goal rates, and response rates in patients at all stages of hypertension. As expected,
BP reductions are highest with the highest dose (T80/A10 and T80/H25) SPCs. Subgroup
analyses of the telmisartan trials have reported the efficacy of both SPCs to be consistent,
regardless of the patients’ age, race, and coexisting diabetes, obesity, or renal impairment. In
patients with mild-to-moderate hypertension, the T/A combination provides superior 24-hour
BP-lowering efficacy compared with either treatment administered as monotherapy. Similarly,
the T/H SPC treatment provides superior 24-hour BP-lowering efficacy, especially in the last
6 hours relative to other renin–angiotensin system inhibitor-based SPCs. The T/A SPC is
associated with a lower incidence of edema than amlodipine monotherapy, and the T/H SPC
with a lower incidence of hypokalemia than hydrochlorothiazide monotherapy. Existing evidence
supports the use of the T/A SPC for the treatment of hypertensive patients with prediabetes,
diabetes, or metabolic syndrome, due to the metabolic neutrality of both component drugs, and
the use of the T/H SPC for those patients with edema or in need of volume reduction.
Keywords: calcium-channel blocker, essential hypertension, diuretic, primary care physician,
renin-angiotensin system inhibitor

Introduction

Correspondence: Julian Segura
Hypertension Unit, Department of
Nephrology, Hospital 12 de Octubre,
Avda Córdoba, Madrid 28041, Spain
Tel +34 91 390 8198
Fax +34 91 390 8035
Email hta@juliansegura.com

521

submit your manuscript | www.dovepress.com

Vascular Health and Risk Management 2013:9 521–528

Dovepress

© 2013 Segura and Ruilope. This work is published by Dove Medical Press Ltd, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any
further permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited.
Information on how to request permission may be found at: http://www.dovepress.com/permissions.php

http://dx.doi.org/10.2147/VHRM.S48291
Powered by TCPDF (www.tcpdf.org)

The treatment and control of hypertension remain less than optimal, despite the
proven benefits of treatment in reducing cardiovascular morbidity and mortality.1,2
Therapeutic inertia, ie, the treating physician’s failure to increase therapy when treatment goals are unmet, is one of the reasons for the high prevalence of uncontrolled
hypertension. A retrospective cohort study of a large number of patients showed
that reducing treatment inertia by 50% led to improvement in goal-rate attainment
from 45% to 66% over a 1-year period.3 Similarly, in a cross-sectional observational
study in an outpatient setting, adherence to treatment guidelines and involvement of
the physician were observed to result in a significantly higher percentage of patients
achieving blood pressure (BP) goals.4
At least 75% of patients with hypertension require combination therapy to achieve
BP targets.5 Treatment initiation with combination therapy has been shown to result in
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higher goal rates and reduction in the risk of cardiovascular
(CV) events and death in a population-based, nested, casecontrol study and a retrospective analysis of electronic
medical charts.6,7
Renin–angiotensin system (RAS) inhibitors are commonly used as a part of combination therapy,8,9 because of
their proven CV benefits10,11 and the reduced risk of new-onset
diabetes.12 RAS inhibitors offer benefits in patients with a
greater risk of renal damage, such as those with diabetes
and high-normal BP or overt hypertension, due to their
superior protective effect against initiation and progression
of nephropathy,8,11 and in patients with renal disease, to
reduce and slow progression to end-stage renal disease and
CV events.9
Angiotensin-receptor antagonists (ARBs) have better
treatment adherence than angiotensin-converting enzyme
inhibitors,13 better tolerability, and significantly lower rates
of cough and angioedema.10,14 Among the ARBs, telmisartan
has the most favorable pharmacokinetic profile, providing
consistent BP reductions over 24 hours and beyond,15 and
offers CV risk prevention in patients at high CV risk. 10
Telmisartan is the only ARB approved for the reduction of
CV morbidity in patients with manifest atherothrombotic CV
disease (history of coronary heart disease, stroke, or peripheral artery disease) or diabetes mellitus, with documented
target-organ damage.16,17
This review discusses the rationale for earlier use of
telmisartan-based therapies, and in particular the evidence
for choosing between calcium-channel blocker (CCB) and
hydrochlorothiazide (HCTZ) combinations.

RAS inhibitors, CCBs, and HCTZ:
the cornerstones of combination
antihypertensive therapy
The American Society of Hypertension recommends an RAS
inhibitor in addition to either a CCB or a diuretic, preferably as a single-pill combination (SPC) when convenience
outweighs all other considerations.18 In the ACCOMPLISH
(Avoiding Cardiovascular events through COMbination
therapy in Patients LIving with Systolic Hypertension) trial
involving 11,506 high-risk patients assigned to an RAS
inhibitor plus a diuretic or CCB, RAS inhibitors plus a CCB
reduced CV morbidity and mortality more than an RAS
inhibitor plus a diuretic combination;19 the RAS inhibitor
plus CCB combination also slowed the progression of nephropathy in a subgroup of patients with chronic kidney disease
and minimal or no albuminuria.20 The combination is also
beneficial in high-risk hypertensive patients, such as those
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with diabetes and/or existing CV disease.21 The beneficial
effects of a RAS inhibitor plus a thiazide diuretic combination
in lowering CV risk were shown in ADVANCE (Action in
Diabetes and Vascular Disease: Preterax and Diamicron MR
Controlled Evaluation), PROGRESS (Perindopril Protection
Against Recurrent Stroke Study), and HYVET (Hypertension
in the Very Elderly Trial) studies.22–25

Achieving BP control
with combination therapy: evidence
from telmisartan clinical trials
The once-daily telmisartan/amlodipine (T/A) combination has been shown to result in significantly higher BP
reductions, BP goal rates, and response rates in patients at
all stages of hypertension, compared with the respective
monotherapies; the reductions were greatest with telmisartan
80 mg plus amlodipine 10 mg (T80/A10).26–28 In a subgroup
analysis of patients with moderate-to-severe hypertension,
the T80/A10 combination provided significantly greater
BP lowering than A10 monotherapy, with 85% of patients
achieving their diastolic BP (DBP) goal. The incidence
of peripheral edema was also lower in the combination
group.29 In a large, combined analysis of 5,100 patients
(24% with diabetes mellitus, 56% with obesity) from eight
studies of 8 weeks’ duration, T80/A10 combination therapy
was associated with significantly higher BP goal-attainment
rates and significantly greater reductions in BP compared
with telmisartan or amlodipine monotherapy. The most significant differences were noted in patients whose treatment
was initiated with combination therapy, and as early as 1
week after treatment initiation.30
Similarly, the once-daily telmisartan plus HCTZ (T/H)
combination has been shown to result in significantly
higher BP reductions and response rates in patients with
mild-to-moderate hypertension, compared with the respective monotherapies after 7–8 weeks of treatment. 27,31–34
Significantly higher reductions in BP and a higher proportion of patients reaching target BP were observed with the
highest dose of telmisartan 80 mg plus HCTZ 25 mg (T80/
H25) than with telmisartan 80 mg plus HCTZ 12.5 mg
(T80/H12.5) after 8 weeks of treatment.35 In patients with
moderate-to-severe hypertension (stage 2, defined as mean
seated trough cuff systolic BP [SBP] $160 mmHg and
DBP $100 mmHg),36 initial antihypertensive treatment with
T80/H25 resulted in significantly greater reductions in BP
and in more patients achieving BP target and SBP response
(defined as ,140 mmHg or $15 mmHg reduction from
baseline) after 7 weeks compared with T80 monotherapy.
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The antihypertensive efficacy of T80/H25 was observed as
early as 2 weeks after the start of treatment.37
The telmisartan SPCs are also effective in providing
24-hour BP-lowering efficacy. In patients with mild-tomoderate hypertension, the T/A combination provided
significantly higher 24-hour BP-lowering efficacy compared with the respective monotherapies after 8 weeks of
treatment.38 In previously untreated and treated patients with
hypertension, 8 weeks of treatment with telmisartan and the
T/H combination resulted in significant reductions in mean
morning ambulatory BP, daytime ambulatory BP, 24-hour
ambulatory BP, and clinic BP.39

Comparison with other SPCs
There are currently no studies directly comparing the T/A SPC
with SPCs of other antihypertensive drugs. However, in patients
who failed to achieve BP goals after at least 2 months’ treatment
with 5 mg amlodipine plus 80 mg valsartan or 8 mg candesartan, replacement of valsartan or candesartan with telmisartan
40 mg was reported to reduce significantly both mean clinic
SBP and DBP at 4, 8, and 12 weeks of treatment.40 Similarly,
replacement of valsartan 80 mg or candesartan 8 mg after at
least 2 months of treatment with telmisartan 40 mg in amlodipine 5 mg-treated elderly patients with hypertension resulted
in significant reduction in morning home SBP and evening
home SBP and DBP at 12 weeks, and a significant increase in
serum adiponectin level, suggesting beneficial cardiometabolic
effects with T/A in elderly patients with hypertension.41
In two large placebo-controlled trials of 8 weeks’ duration in patients with stage 1 or 2 hypertension, T/H treatment
resulted in significantly higher BP reduction than valsartan/
HCTZ.42,43 A pooled analysis of the two studies showed that
the significant difference in BP reduction in favor of T80/
H25 was maintained, regardless of age, sex, or race of the
patients.44 In patients with essential hypertension, the T/H
SPC was significantly more efficacious than the losartan/
HCTZ SPC in reducing BP during the last 6 hours of the
dosing interval, as well as in reducing 24-hour ambulatory BP
after 6 weeks of treatment.45–47 Similarly, 6 weeks’ treatment
with the T/H SPC resulted in significantly greater reductions in mean ambulatory BP over the entire 24-hour dosing
interval and during the last 6 hours compared with valsartan/
HCTZ, in the SMOOTH (Study of Micardis [telmisartan]
in Overweight/Obese Patients with Type 2 Diabetes and
Hypertension) trial.48 A recent meta-analysis of head-to-head
randomized controlled trials of T/H versus other ARBs plus
HCTZ therapy for reduction of BP in hypertension showed
that telmisartan/HCTZ therapy may reduce SBP and DBP
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by an additional 2.9 and 1.9 mmHg, respectively, over other
ARB/HCTZ therapy.49

Which combination
for which patient?
The selection of a specific combination is dependent on individual patient factors, including additional CV risk factors
and comorbidities.9 Subgroup analyses of the telmisartan
trials have shown consistent efficacy for both combinations
across a range of patient types.
In hypertensive diabetes patients with microalbuminuria,
treatment with T/A reduced urinary albumin-excretion rate,
in addition to lowering BP.50 In a multicenter, open-label
clinical trial in the People’s Republic of China, involving
13,542 high-risk patients with at least one CV risk factor,
long-term T/A treatment was found to be efficacious and well
tolerated.51 In patients with stage 1 or 2 hypertension and
diabetes uncontrolled on amlodipine monotherapy, 8 weeks
of treatment with the T/A SPC resulted in a significantly
higher reduction in SBP and in more patients achieving their
BP goal. The results were similar in the subpopulation of
obese patients.52 In a post hoc analysis of data from patients
stratified into subpopulations based on age, race, coexisting
diabetes, obesity, metabolic syndrome, renal impairment, and
elevated baseline SBP, it was seen that BP reductions, goalattainment rate, and response rate obtained with T80/A10 in
these added-risk patients were similar to those observed in
the overall population.53 Another post hoc analysis of data
pooled from clinical studies of the T/A SPC on hypertensive
patients with metabolic risk factors (obesity, diabetes, or
both), showed that in patients uncontrolled on monotherapy,
BP reductions and goal-rate achievement with T/A were
similarly high among patients with and without the presence
of metabolic risk factors; particularly large reductions were
recorded among patients with severe hypertension (defined as
SBP $180 mmHg).54 The same post hoc analysis also showed
that in hypertensive patients with metabolic risk factors, BP
reductions with the T/A SPC were maintained throughout the
24-hour dosing period, and 24-hour goal rates were obtained
in a high proportion of patients.54
In patients with moderate-to-severe hypertension, a prespecified analysis showed that the T80/H25 SPC treatment
resulted in significantly higher BP reductions than T80 monotherapy, regardless of the patients’ sex, age, race, hypertension
severity, and previous treatment history (treatment-naive or
treated with one or $2 antihypertensive agents).55 Furthermore,
a retrospective analysis showed that in black patients with
hypertension and hypertensive patients with concomitant type
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2 diabetes mellitus or moderate or severe renal impairment,
T80/H25 resulted in greater reductions in SBP and DBP than
telmisartan monotherapy, irrespective of baseline BP.27 A prespecified subgroup analysis of data from patients with stage 2
or 3 hypertension and CV disease risk factors, such as diabetes
mellitus, low estimated glomerular filtration rate, high body
mass index, and high coronary heart disease risk, reported
that 6 weeks’ treatment with T80/H25 consistently provided
greater BP reductions and increased BP goal-attainment rates
compared with T80 monotherapy.56 A pooled analysis of data
from seven studies showed that the efficacy and tolerability of
the T/H SPC was similar between younger patients and patients
older than 65 years (who may have added CV risk factors and
are generally difficult to treat to goal).57
Thus, the important consideration in choosing the
combination of an ARB plus a CCB versus an ARB plus
HCTZ is the risk for associated adverse events with CCBs
or HCTZ, and their effect on comorbidities in patients with
hypertension. The SPC of an ARB with a CCB is preferable
for the treatment of hypertensive patients with prediabetes,58,59
diabetes, or metabolic syndrome, due to the metabolic
neutrality of both component drugs.60 The International
Society on Hypertension in Blacks recommends an RAS
inhibitor–CCB over an RAS inhibitor–thiazide combination
in patients with BP .15/.10 mmHg above the goal, in the
absence of edema and/or volume-overload states.61
The combination of an ARB plus HCTZ should be considered for patients in need of volume reduction, as the combination, in addition to maintaining the volume-reducing efficacy
of HCTZ, results in additive BP reduction, and a decrease in
the adverse metabolic effects of either drug alone.62 Similarly,
coadministration of an ARB tends to reverse the potassium
loss associated with thiazide diuretics, and thiazide-induced
reduction in extracellular fluid-volume reduction and peripheral resistance, and the resultant RAS activation may increase
the sensitivity of the angiotensin II type 1 receptor, thereby
enhancing response to ARBs.63 Diuretics are reported to
increase the risk for new-onset diabetes,64,65 and RAS inhibitors are known to prevent or delay new-onset diabetes.66 An
ARB/HCTZ combination is particularly useful for patients
with high salt consumption,67 common in countries such as
the People’s Republic of China.68
In all the T/A SPC treatment trials, the T/A SPC was
associated with a lower incidence of edema than amlodipine
monotherapy.26–29,69 Similarly, the rates of adverse events with
T/H combination therapy were comparable with or lower than
those reported for placebo or telmisartan monotherapy.27,70
A retrospective analysis of 50 studies confirmed that as
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with telmisartan monotherapy, T/H is well tolerated in adult
patients of all ages and has a favorable safety and tolerability
profile.71 In a prespecified analysis of data from patients with
moderate-to-severe hypertension, it was observed that mean
serum potassium levels were unchanged in older, black, and
Asian patient subpopulations receiving T80/H25, and other
patient subpopulations receiving T80/H25 had small mean
reductions in serum potassium, of −0.1 mmol/L.55

Discussion
Telmisartan with either amlodipine or HCTZ in an SPC is
equally efficacious and well tolerated at all stages of hypertension and in a wide variety of patient subpopulations, and
the rationale for selection of one combination over the other
is based on the accompanying comorbidities in hypertensive
patients. The results from clinical trials and planned and post
hoc pooled analysis of data from these trials show the T/A SPC
to be efficacious and well tolerated in hypertensive patients
with added risk factors including obesity, diabetes, metabolic
syndrome, renal impairment, and elevated SBP,52–54 and the
T/H SPC to be efficacious and well tolerated in hypertensive
patients with CV risk factors including obesity, diabetes, high
coronary heart disease risk, and renal impairment.27,55–57
Also, in a real-life clinical practice setting, most of the
patients on combination therapy were found to be on a combination of an RAS inhibitor with a CCB or a diuretic; of the
552 patients on combination therapy, equal proportions were
on a combination of RAS inhibitor plus a CCB or a diuretic.72
At the end of the follow-up, the BP-lowering efficacy was
similar between the two combinations, but the incidence of
new-onset diabetes was higher with the RAS inhibitor plus
diuretic combination.72
Due to the nature of existing antihypertensives, and
in most cases their single site of action, BP responses are
largely unpredictable and wide ranging when administered
to a heterogeneous population encompassing many hypertensive phenotypes.73 In patients not adequately responding
to monotherapy, uptitration or substitution of medication is
not always as effective as combination therapy, especially
where the phenotype is not known.73 Combination therapy
works better in these patients because of the pharmacological action on two or more different physiological sites, and
the blocking of the counterregulatory responses that occur
with monotherapy.73 For example, RAS inhibitors may also
reduce the unfavorable metabolic side effects of thiazide
monotherapy74 and CCB-induced peripheral edema.75,76
The postcapillary dilation and normalization of hydrostatic
pressure induced by RAS inhibitors77 compensates for the

Vascular Health and Risk Management 2013:9

Vascular Health and Risk Management downloaded from https://www.dovepress.com/ by 42.106.28.31 on 01-Jul-2019
For personal use only.

Dovepress

increased capillary pressure and flow with CCBs, which leads
to increased permeability and fluid hyperfiltration.78 An SPC
of an RAS inhibitor plus a CCB is the preferred combination
over an RAS inhibitor plus HCTZ in CV high-risk patients
and those with evidence of renal disease.19–21 The adverse
electrolytic changes, including hypokalemia associated
with diuretic use, may also be offset with concomitant use
of RAS inhibitors.
The benefit of early achievement of BP goal in preventing
CV events was seen in the Valsartan Antihypertensive Long
term Use Evaluation (VALUE) study, which showed significant
benefits for major CV outcomes when BP goals were achieved
within 6 months of treatment initiation.79 Early use of an SPC,
including as first-line treatment, is suggested to help to reduce
the gap between antihypertensive use and achievement of BP
target control.80 Indeed, a retrospective analysis of 106,621
patients showed improved CV outcomes with SPCs compared
with monotherapy during the first year of treatment.81
In addition to early treatment initiation with combination
therapy and selection of the most suitable combination based
on patient needs, treatment adherence and compliance are
also crucial for BP control, to reduce long-term CV morbidity
and mortality and to improve quality of life.82 Compared with
free-drug combinations, SPCs of antihypertensive agents are
associated with a significant improvement in compliance,83
adherence rates,59,84,85 lower health-care costs,86 and significantly higher goal rates.87 The reduced pill burden, simplified
treatment regimens, and improved treatment adherence with
SPCs is expected to result in better BP control and long-term
CV risk reduction.88

Conclusion
SPCs of telmisartan with amlodipine or HCTZ provide better
efficacy than the respective monotherapies in patients at all
stages of hypertension, as well as in those with added risk
factors, including obesity, diabetes, or metabolic syndrome.
The SPCs are associated with a lower incidence of adverse
effects, such as edema and hypokalemia, compared with
amlodipine and HCTZ monotherapy.
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