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Antihypertensive drug classes have different effects
on short-term blood pressure variability in essential
hypertension

Natacha Levi-Marpillat1,2,3, Isabelle Macquin-Mavier1,2, Anne-Isabelle Tropeano4, Gianfranco Parati5,6

and Patrick Maison1,2,3

Increased blood pressure variability (BPV) contributes to end-organ damage, cardiovascular events and mortality associated with

hypertension. In a cohort of 2780 hypertensive patients treated by either calcium channel blockers (CCBs), diuretics,

angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs) or b-blockers alone or in combination,

we compared indices of short-term BPV according to the different treatments. Short-term BPV was calculated as the standard

deviation (s.d.) of 24 h, daytime or nighttime systolic blood pressure and diastolic blood pressure (SBP and DBP). Short-term

BPV was compared between patients treated with a given antihypertensive class of interest (alone or in combination) and those

not treated with this class, after controlling for ambulatory average blood pressure, heart rate, age, gender, propensity scores

and carotid–femoral pulse wave velocity. Patients treated with CCBs (n¼1247) or diuretics (n¼1486) alone, or in addition to

other drugs had significant lower s.d. of 24-h SBP compared with those not treated with these classes (mean differences in s.d.

�0.50±0.50 mm Hg, P¼0.001 and �0.17±0.15 mm Hg, P¼0.05, respectively). There was no significant difference

regarding treatment with or without ARBs, ACEIs and b-blockers. The combinations of CCBs with diuretics or ARBs on top

of other treatments resulted in a lower 24-h SBP variability (mean differences in s.d. �0.43±0.17 mm Hg, P¼0.02 and

�0.44±0.19 mm Hg, P¼0.005 vs. other combination uses, respectively). Antihypertensive drug classes have differential

effects on short-term BPV with a greater reduction in patients treated with CCBs and diuretics. The combinations of CCBs

with diuretics may be the most efficient treatments in lowering BPV.
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INTRODUCTION

Increased short-term blood pressure variability (BPV), defined as the
degree of blood pressure (BP) variations within a 24-h period,
predicts organ damage1,2 and is associated with an increased risk of
cardiovascular events,3–9 diabetes mellitus10 and cognitive decline.11,12

Although the possibility to obtain a reduction of cardiovascular
risk by lowering BPV remains to be demonstrated, short-term BPV
has been suggested as a target for antihypertensive treatment.13

Antihypertensive treatment may lead to a reduction in BPV by
reducing the average BP (BPV being strongly dependent on BP
levels)14 and by improving baroreflex sensitivity, as shown by changes
in heart rate variability.15,16 However, whether antihypertensive drug
treatment reduces BPV independently from the concomitant
reduction in mean BP levels, and whether different antihypertensive
drug classes have the same impact on BPV,17–19 this remains to be

clarified. A meta-analysis focusing not on 24-h BPV but on visit-to-
visit BP instability reported evidence of specific drug class effects on
interindividual BPV compared with placebo.19 Moreover, in
hypertensive rats, the combination of different antihypertensive
drug classes resulted in a greater reduction of short-term BPV
compared with a single-drug regimen.20 On the other hand, limited
evidence is available on the occurrence of possible differences in 24-h
BPV in humans as a result of treatment with different antihyper-
tensive drug classes, administered either as monotherapy or in
combination.21

The aim of the present study was to compare short-term BPV over
24h in a cohort of hypertensive patients treated with one of the five
antihypertensive classes recommended for hypertension management,
that is, calcium channel blockers (CCBs), diuretics, angiotensin-
converting enzyme inhibitors (ACEIs), angiotensin receptor blockers
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(ARBs) and b-blockers, in monotherapy or by combination among
them. All patients underwent 24-h ambulatory BP monitoring
(ABPM) under standardized conditions during treatment.

METHODS
Treated hypertensive patients, referred to the Clinical Pharmacology Depart-

ment of Henri Mondor Hospital, Créteil, France, for ABPM) to assess

antihypertensive treatment efficacy from January 2005 to April 2011 were

included in this cross-sectional survey. All patients underwent a thorough

clinical examination, 24-h ABPM and measurement of carotid–femoral pulse

wave velocity (CfPWV). Exclusion criteria were as follows: secondary causes of

hypertension, treatment for heart failure, chronic renal failure, pregnancy,

history of transplantation and modification of antihypertensive treatment

within the last 4 weeks. The study was approved by the local ethics committee

(CPP Ile de France IX, France).

Information on antihypertensive treatment was derived from medical

prescriptions and compliance with prescribed treatment was checked by the

physician in charge. Patients with a history of coronary artery disease,

peripheral vascular disease and cerebrovascular disease were considered as

having cardiovascular disease.

BP was monitored throughout 24 h using a non-invasive validated

ambulatory auscultatory device (Diasys Integra, Novacor, Rueil-Malmaison,

France), set to take a reading every 15min throughout the 24h. Short-term

BPV was calculated as the standard deviation (s.d.) of 24h, daytime and

nighttime average systolic and diastolic BP values. Daytime and nighttime

periods were defined for each patient according to their rising and sleep times,

recorded in a diary. The validity of the information on wake and sleep times

provided by the patient was confirmed through use of a position sensor,

coupled with the ABPM device. Subjects having ABPM with o80% of valid

measurements were excluded from this analysis.

CfPWV was measured using the foot-to-foot velocity method (Complior SP,

Alam Medical, Vincennes, France), as previously published and validated.22–24

The carotid–femoral straight distance was measured with a flexible tape meter

over the body surface.

The representativeness of our population with regard to the issues addressed

was tested by comparing the relationship between short-term BPV and

previously reported determinants of BPV that is, age, gender, BP, heart rate

and CfPWV with the corresponding relationship observed in other similar

populations.6,18,25,26

Statistical analysis
Quantitative data were expressed as means ±s.d. Univariate analyses were

performed using w2, Fisher exact test and Student’s t-test to compare

characteristics between drug class and control groups. Drug class groups were

defined regardless of the number of other compounds taken by a patient in

addition to the drug or drug combination of interest. According to this

approach, patients treated with the antihypertensive drug class (or drug

combination) of interest were compared with all other patients not treated

with that drug class (or drug combination), that is, with patients taking any

other antihypertensive treatments. The link between BPVand variables possibly

associated with BP fluctuations was explored through Pearson’ correlation

coefficient.

To offset a lack of randomization due to differences in patients’ treatment

assignment by their physician, we calculated propensity scores (PSs), repre-

senting the conditional probability of receiving a particular treatment given a

set of observed pre-treatment variables.27,28 PSs were estimated for each

antihypertensive drug class by logistic regression analysis. Independent

variables were the variables suspected to influence a drug class prescription

that were significantly different between users and nonusers of any given

treatment (Po0.20). The PSs corresponded to the estimated predicted

probabilities of assignment to each treatment group calculated for each subject.

We first compared the BPV parameters of patients receiving a given

antihypertensive drug class of interest (regardless of the concomitant prescrip-

tion of other drugs) with those of patients not treated with that class, but

receiving any other type of antihypertensive drugs (control group). Logistic

regression models were used for the comparison of s.d. between the different

antihypertensive drug classes as defined above, with the drug class use as the

independent variable, 24h, daytime and nighttime BP s.d. as the dependent

variables (separately entered in the model to avoid collinearity problems), and

ambulatory average BP (24 h, day or nighttime as appropriate), heart rate, age,

gender, corresponding PSs and CfPWV, as covariates. Second, we limited the

analysis to patients treated with only one antihypertensive drug class. We

compared the effects of each class with those of any other drug, considered one

by one using pairwise comparisons in a linear mixed model, adjusted for 24-h

BP, heart rate, age, gender, corresponding PSs and CfPWV with a fixed effect

for treatment and a random effect for each subject. Both types of analyses were

then performed also to compare the effects of different combination therapies

with two antihypertensive classes on BPV.

Two-sided Pp0.05 was considered statistically significant. Sample size

calculation was performed based on previously published data,18 by

expecting an average value of 24-h systolic BP s.d. of 12.5±3mmHg under

treatment. At least 99 subjects by groups were found to be necessary to

highlight a difference between treatments in s.d. of 24-h BP of 10%, with a 5%

a-risk and a power of 80%. Analyses were conducted using STATA 9.1

(StataCorp, College Station, TX, USA) and SPSS 17.0 (SPSS, Chicago, IL,

USA).

RESULTS

The study included 2780 treated hypertensive patients. Clinical
characteristics of the whole population and of each group of patients
treated with a given antihypertensive drug class of interest are
reported in Table 1. 709 (26%) patients received treatment with a
single antihypertensive treatment, and 951 (34%), 676 (24%) and 444
(16%) had a combination of two, three and four or more treatments,
respectively. Patients with a single treatment were significantly
younger than patients with combination of treatments (58.6±12.5
years vs. 63.2±12.2 years; Po0.001), and had less diabetes, dyslipi-
demia and history of cardiovascular diseases (17 vs. 31%; 42 vs. 60%
and 18 vs. 34%, respectively; Po0.01 for all).
Regardless of the presence of other antihypertensive drug classes,

1486 (53%) patients were treated with a diuretic, 1339 (48%) with an
ARB, 1292 (47%) with a b-blocker, 1247 (45%) with a CCB and 813
(29%) with an ACEI. Characteristics of these groups and of the total
population are presented in Table 1.
Significant correlations were found between s.d. of 24-h systolic BP

(SBP) and age, 24-h average SBP and CfPWV (r¼ 0.20, r¼ 0.21 and
r¼ 0.32, respectively, Po0.001 for all). s.d. of 24-h diastolic BP
(DBP) was also correlated with heart rate and 24-h average DBP
(r¼ 0.11 and 0.26, respectively; Po0.001 for both). Similar results
were obtained for s.d. of daytime or nighttime SBP and DBP (data
not shown).
Figure 1 shows the mean differences in s.d. of 24 h, daytime and

nighttime BP between patients treated with a given antihypertensive
class (alone or in combination) and a control group, that is, a group
defined as patients not receiving the drug under assessment.
Patients treated with CCBs or diuretics alone or in addition to other
drugs had significantly lower s.d. of 24-h SBP compared with those
not treated with these classes (mean differences in s.d. of 24-h
SBP: �0.50±0.15mmHg and �0.17±0.15mmHg, respectively,
Po0.001). In addition, SDs of 24h and nighttime DBP were
significantly reduced in patients treated with CCBs. No significant
difference was found between patients treated with ARBs and the
control group. In contrast, patients treated with ACEIs had a
significantly higher s.d. of daytime SBP than controls, and those
treated with a b-blocker a significantly higher s.d. of 24h, daytime
and nighttime DBP.
In the pairwise comparisons between the 709 patients receiving a

given antihypertensive therapy as monotherapy alone, the s.d. of
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Table 1 Clinical characteristics of the treated hypertensive subjects

Patients treated with a given drug class (alone or in combination)

Total population ARB ACEI CCB Diuretic b-blocker

N 2780 1339 813 1247 1486 1292

Age, years 62.0±12.5 63.1±12.1a 62.2±11.9 62.2±12.7 62.9±12.3a 63.6±12.2a

Women, n (%) 1308 (47) 618 (47) 302 (37)a 502 (40)a 744 (50)a 633 (49)a

Body mass index (kg m�2) 28.9±5.1 29.3±5.2a 29.9±5.2 29.2±5.2a 29.6±5.3a 29.0±5.1

Waist circumference (cm) 97.6±13.5 99.7±13.5a 99.8±13.7a 99.8±13.4a 99.2±13.6a 99.7±13.6

Type 2 diabetes, n (%) 766 (28) 393 (29)a 286 (35)a 395 (32)a 469 (32)a 407 (32)a

Current smoking, n (%) 281 (10) 133 (10) 85 (10) 108 (9)a 132 (9)a 120 (9)

Dyslipidemia, n (%) 1533 (55) 755 (56)a 509 (63)a 729 (58)a 848 (57)a 807 (62)a

Hypertension duration (years) 11.0±10.2 11.4±10.4a 11.1±10.1 12.5±10.4a 12.5±10.6a 13.0±10.5a

Cardiovascular diseases, n (%) 831 (30) 332 (25)a 387 (48)a 397 (32)a 429 (29)a 508 (39)a

Coronary heart disease, n (%) 441 (16) 168 (13)a 226 (28)a 224 (18)a 210 (14)a 344 (27)a

Stroke, n (%) 349 (13) 142 (11)a 148 (18)a 140 (11) 197 (13) 146 (11)

Lower extremity arterial occlusive disease, n (%) 87 (3) 36 (3) 40 (5)a 58 (5)a 42 (3) 53 (4)a

Carotid–femoral pulse wave velocity (m s�1) 12.6±2.9 12.9±2.9a 12.7±3.0 12.7±2.9a 12.7±2.8a 12.8±3.0a

24-h SBP (mm Hg) 121.3±13.7 121.7±14.5 121.4±13.2 122.1±13.4a 121.3±14.3 121.0±13.9

24-h DBP (mm Hg) 76.5±9.5 76.0±10a 76.4±9.2 76.3±9.9 76.9±9.9a 76.1±9.7a

Daytime SBP (mm Hg) 126.9±14.2 127.3±14.9 126.9±13.9 127.3±13.9 126.8±14.8 126.4±14.3

Daytime DBP (mmHg) 80.4±10.2 79.9±10.7a 80.3±9.8 79.9±10.6a 79.8±10.5a 79.0±10.4a

Nighttime SBP (mmHg) 110.0±15.4 110.4±16.3 110.5±14.6 111.4±14.9 110.4±15.9 110.4±15.8

Nighttime DBP (mm Hg) 68.7±9.7 68.3±10.2 68.6±9.5 69.0±10.0 68.3±10.2a 67.4±10.0a

24-hour HR (b.p.m.) 71.3±10.7 71.3±10.8 70.8±10.9 71.3±11.0 71.2±10.9 67.0±9.5a

Daytime HR (b.p.m.) 74.6±11.8 76.7±11.9 74.0±12.1 74.6±12.2 74.4±12.0 69.3±10.2a

Nighttime HR (b.p.m.) 64.8±10.0 64.8±10 64.6±10.3 64.8±10.0 64.9±10.3 62.8±9.5a

Abbreviations; b.p.m., beats per minute; DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.
aThis symbol indicates the occurrence of significant differences in the reported parameters between patients receiving a given specific drug class and a control group including all patients not
receiving the drug under consideration.
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Figure 1 Mean differences±s.d. (mm Hg) in s.d. of 24h, daytime and nighttime BP between patients treated with a given antihypertensive class (alone or

in combination) and patients not receiving the drug under assessment, but receiving any other type of antihypertensive (control group). *Pp0.05,
wPp0.01, zPp0.001. P-values result from logistic regression models with antihypertensive drug classes as the independent variable, short-term BPV as the

dependant variable, ambulatory BP and heart rate (24-h, day or nighttime as appropriate), age, gender, carotid–femoral pulse wave velocity and the

corresponding propensity score, as covariates.
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nighttime SBP remained lower with CCBs (n¼ 164) and diuretics
(n¼ 53) but was also lower with ARBs (n¼ 228) compared
with patients treated with b-blockers (n¼ 136) (mean difference
in s.d.: �1.4±0.51mmHg, P¼ 0.007; �1.4±0.71, P¼ 0.05 and
�1.1±0.48mmHg, P¼ 0.02, respectively). No significant difference
was observed when comparing patients treated with ACEIs (n¼ 125)
and those treated with the other monotherapies.
Comparisons between the patients treated with a combination of

two antihypertensive drug classes, alone or in addition to other drugs,
and patients receiving any other treatment with the exception of the
two drugs of interest, were also performed, focusing on the differences
in the SDs of 24-h, daytime and nighttime SBP or DBP (Table 2). In
patients treated with the combinations of CCBs with diuretics, CCBs
with ARBs or CCBs with b-blockers, SDs of 24-h SBP were
significantly lower compared with patients not receiving these
treatments (control group). The SDs of 24-h and nighttime DBP
were significantly reduced in patients treated with CCBs and diuretics.
The combination of diuretics with b-blockers was also associated with
a significantly lower s.d. of nighttime DBP. Finally, s.d. of daytime
SBP was significantly reduced when CCBs were combined with ARBs.
There were no significant differences regarding other combinations.
The pairwise comparisons between patients treated with the

various possible combinations of only two antihypertensive agents
confirmed the finding of a reduction in BPV in patients treated with
CCBs and diuretics. This combination (n¼ 55) was associated with
lower SDs of 24-h SBP and DBP compared with the effects of the
eight other combinations of two antihypertensive drugs, except for
the combination of CCBs with ARBs (n¼ 86) that had similar effects
on s.d. of 24-h SBP. The nighttime s.d. was lower with the
combination of CCBs and diuretics compared with the combination
between CCBs and ARBs (�1.3±0.42mmHg, P¼ 0.002). The
combination of CCBs and ARBs was associated with a significantly
lower s.d. of 24-h DBP (�0.96±0.39mmHg, P¼ 0.01) when
compared with the effect of a combination between ACEIs and
diuretics (n¼ 93). There were no significant differences for the other
combinations in this sub-group.

DISCUSSION

Results of the present study indicate that antihypertensive drug
classes may have different effects on short-term BP variability in a
daily life clinical setting, independently from the effects of major
confounders such as BP level, age, gender, heart rate, CfPWV and
factors suspected to influence the choice of antihypertensive drug
classes’ prescription. In particular, we found that the use of CCBs and,
to a lesser extent, diuretics, was associated with a lower short-term
BPV compared with the other classes (ARBs, ACEIs and b-blockers).
Also, the association of CCBs with diuretics was associated with
a lower short-term BPV compared with other combination of
antihypertensive classes.
Our findings of a lower short-term BPV with CCBs is in

accordance with previous observational and experimental studies.6,9,17

The X-CELLENT trial showed that CCBs and diuretics, but not ARBs,
lead to a decrease of 24-h BPV compared with placebo.18 In another
randomized trial including untreated hypertensive patients, long-term
treatment with CCBs significantly decreased the 24-h BPV, in contrast
to ARBs that did not affect BPV.17 Finally, a study in hypertensive
patients with diabetes showed that treatment with the CCB Lacidipine
was able to significantly reduce 24-h BPV (assessed through analysis
of beat-by-beat 24 h ambulatory BP recordings) after adjustment on
BP lowering, determining at the same time an improvement in
spontaneous cardiac baroreflex sensitivity.21

A recent meta-analysis of randomized trials19 concluded for a
reduction of the visit-to-visit variability in SBP, that is, fluctuations
of SBP over long periods of observation, with the use of CCBs and
non-loop diuretics. In contrast, the use of ARBs, b-blockers and
ACEIs was associated with an increase of the visit-to-visit variability
in SBP. The ASCOT-BPLA trial also showed opposite effects of b-
blockers and CCBs on within-individual variability in BP
independently of their effects on BP.29 Our results, obtained from
real-life conditions of daily practice, in contrast with randomized
clinical trial conditions, confirm the differences of antihypertensive
drugs in their effects on short-term BPV, and provide additional
information by showing that patients treated with CCBs had a lower

Table 2 Mean differences±s.d. (mm Hg) in standard deviation of 24 h, daytime and nighttime BP between patients treated with combination

therapies with diuretics or calcium channel blockers and a control group, not receiving other antihypertensive treatment than the combination

therapies under assessment

CCBsþdiuretics

vs. control

n¼696/2084

CCBsþARBs

vs. control

n¼560/2220

CCBsþACEIs

vs. control

n¼342/2438

CCBsþ
b-blockers

vs. control

n¼543/2237

DiureticsþARBs

vs. control

n¼819/1961

DiureticsþACEIs

vs. control

n¼410/2370

Diureticsþ
b-blockers

vs. control

n¼737/2043

S.d. of 24-h SBP �0.43±0.17w �0.44±0.19w 0.04±0.23 �0.48±0.19z 0.03±0.17 0.03±0.21 �0.07±0.17

S.d. of 24-h DBP �0.51±0.12z �0.34±0.13 �0.40±0.16 �0.30±0.13 0.09±0.11 0.08±0.14 �0.005±0.11

S.d. of daytime

SBP

�0.12±0.17 �0.17±0.18* 0.38±0.22 0.06±0.18 0.29±0.16 0.36±0.30 0.24±0.16

S.d. of daytime

DBP

�0.24±0.13 �0.18±0.14 �0.22±0.17 �0.14±0.14 0.26±0.12 0.08±0.15 0.13±0.13

S.d. of nighttime

SBP

0.13±0.16 0.19±0.17 0.47±0.21 0.24±0.17 0.19±0.15 0.13±0.19 0.29±0.15

S.d. of nighttime

DBP

�0.11±0.10w �0.01±0.11 0.22±0.14 0.16±0.11 �0.01±0.10 0.12±0.13 �0.26±0.10*

Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BP, blood pressure; BPV, blood pressure variability; CCBs, calcium channel blockers;
DBP, diastolic blood pressure; SBP, systolic blood pressure.
*Pp0.05, wPp0.01, zPp0.001. P-values result from logistic regression models with antihypertensive drug classes as the independent variable, short-term BPV as the dependant variable,
ambulatory blood pressure and heart rate (24h, day or nighttime as appropriate), age, gender, carotid–femoral pulse wave velocity and the corresponding propensity score, as covariates.
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BPV than patients not treated with CCBs, independently from the
effects of other concomitant antihypertensive drugs.
Our results regarding combinations of antihypertensive drugs

suggest that the combination of CCBs and diuretics or CCBs and
ARBs could provide a lower 24-h, daytime or nighttime BPV
compared with other combinations, regardless of the total number
of drugs administered. These results were confirmed in pairwise
comparisons between combinations of two different antihypertensive
drug classes, and are in accordance with recent results on day-by-day
BPV.30 Benefits of specific combination therapies on visit-to-visit BP
variability had also been suggested by Webb’s meta-analysis31 finding
that the reduction of interindividual systolic BPV with CCBs and
diuretics was maintained when these drugs were used in combination
with other drug classes. The authors also showed that adding a CCB
or a diuretic to any antihypertensive treatment reduced the
interindividual variability to the same extent as seen with
monotherapy of these drugs vs. placebo. In contrast, they showed
that adding an ACEI or an ARB agent to another class had no
significant impact. Similar results were found in another study
showing that the addition of CCBs decreased the systolic and
diastolic 24-h BPV in hypertensive patients treated with ARBs.32

Our results expand these findings by demonstrating benefits of these
drugs on short-term BPV as well, and in the real-life conditions of
daily practice, in contrast with clinical trial protocol conditions.
Given the well-known relation between mean BP and BPV, it might

be argued that the different reduction in BPV observed with the
different drug classes might simply reflect different mean BP lowering
levels.33,34 However, the persistence of these differences after
accounting for the impact of changes in mean BP levels in our
multivariate analysis models seems to exclude the possibility that
different degrees of mean BP changes between antihypertensive drug
classes might be the main explanation for the observed different
effects on BPV.
BPV has been related to arterial stiffness17,26,35 and different

antihypertensive drug classes have shown contrasting effects on
arterial stiffness.36 Although the mechanisms underlying the
differences in BPV between the antihypertensive drug classes are
uncertain, changes in peripheral vascular distensibility might thus
have a role.37 b-blockers reduce arterial compliance via
vasoconstrictive effects, whereas CCBs have vasodilating properties
that may in contrast result in increasing arterial compliance. In
addition, the reduced 24-h BPV with CCBs treatment has been
associated with a reduction in PWV.17 Thus, it supports the hypothesis
of a clinically relevant association between changes in BPV and
changes in arterial stiffness.25 Improvement of arterial distensibility
has been indeed suggested as a possible mechanism for the reduction
in BPV by some antihypertensive agents.38 In our treated hypertensive
patients, there was a positive relationship between BPV and CfPWV.
However, the cross-sectional design of our study does not allow
concluding for the occurrence of a cause–effect link between changes
in BPV and changes in arterial stiffness, leaving the possibility open,
however, that a reduction in arterial stiffness might be either the cause
and/or the effect of a reduction in BPV by treatment.
Regarding the representativeness of our population, some of our

findings are in line with those previously found in other similar
populations. As an example, in our subjects, as shown in previous
studies, BPV was related to age, sex and BP level, all these parameters
having already been identified as significant determinants of
BPV.6,18,25 The representativeness of our study population is also
supported by the finding that the rates of use of the different drugs
administered in our patients were consistent with the ones reported

by the French National Health Insurance Fund for Salaried Workers’
study in 2006 (comprising a representative sample of the French
population), the percentage of drug prescription being 54.7% for
diuretics, 28.7% for ACEIs, 38.9% for b-blockers, 36.7% for ARBs and
29% for CCBs.39 The percentages of utilization for each drug class
were also within the range reported for European countries and for
the United States of America.40

We also have to acknowledge a few limitations of our study,
however. First, the present study has a cross-sectional design, and the
patients included were not randomized to the different drug classes.
Yet, we have reduced the possible drawbacks of such a limitation, by
using PSs, which, although unable to completely substitute rando-
mization, allowed us to overcome a selection bias due to possible
noncasual differences in patients’ treatment assignment. Second, in
the pairwise comparisons of the single-drug classes, significant
differences were observed only for nighttime BPV, that was lower
with CCBs compared with b-blockers and ACEIs. The limited sample
size of these last comparisons may have underestimated significant
results for 24-h or daytime BPV. Third, the appropriateness of s.d. as
an index of BP variability has been recently questioned, in particular
as it could be influenced by nocturnal BP.41

However, these limitations should also be considered in the
perspective of the multiple strengths of our study. First, to the best
of our knowledge, this is the first study that directly compares the
effect of the five main antihypertensive drug classes on short-term
BPV in a large group of ‘real-life’ hypertensive patients. Second, the
different effects observed between the different drug classes were
independent of the concomitant changes in mean BP, and the major
determinants of BPV (heart rate, age, gender and CfPWV).18,25,26,38

Third, we assessed BPV by using the s.d. of 24-h average BP.
This was done because the association of target-organ damage,
cardiovascular events and mortality with BPV was frequently
assessed in various population-based studies through the quanti-
fication of the s.d. of 24-h BP.3,4,42–45 The s.d. of 24-h average BP,
however, has been shown to include not only the contribution of fast,
short-term BP fluctuations, but also the contribution of
day–night BP changes, the latter carrying a favourable rather than
an adverse prognostic impact, at variance from short-term BP
variations.41 In our analysis, however, we have also separately
computed the s.d. of daytime and nighttime SBP and DBP to
prevent our results being undetermined by these methodological
issues. Indeed, in the ASCOT-BPLA study, daytime BP variability,
expressed as s.d. of daytime SBP, correlated with visit-to-visit
variability, and predicted vascular events independently of daytime
average SBP.29 Yet nighttime BPV was considered to be a more
pronounced cardiovascular risk factor than daytime BPV.7,44

Our results, for the first time, demonstrate that different anti-
hypertensive drug classes have different effects on short-term BPV in
the real-life conditions of daily practice, with a more evident
reduction in short-term BP variability when treatment is based on
CCBs and diuretics, alone or in combination with other antihyper-
tensive classes. The reliability of our results should be demonstrated
using new indices of variability (such as average real variability), and
the clinical relevance of these statistical differences in BPV between
different drug classes deserves further investigations through long-
itudinal, randomized intervention trials. These trials should be aimed
at exploring whether the benefits of BPV lowering by CCBs and
diuretics might translate into a cardiovascular risk reduction in
humans. Indeed, until now, the benefits of treatment-induced
reduction in BPV have been related to a reduction in end-organ
damage only in the setting of experimental animal studies.20,46
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