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A blunted decrease in nocturnal blood pressure
is independently associated with increased aortic
stiffness in patients with resistant hypertension

Carlos H Castelpoggi, Vinicius S Pereira, Roberto Fiszman, Claudia RL Cardoso, Elizabeth S Muxfeldt
and Gil F Salles

Increased arterial stiffness may be causally related to resistant hypertension. Our objective was to investigate the variables,

particularly those derived from ambulatory blood pressure (BP) monitoring (ABPM), associated with increased aortic stiffness in

resistant hypertensives. In a cross-sectional study, 600 resistant hypertensive patients without peripheral arterial disease were

evaluated. Arterial stiffness was assessed by aortic pulse wave velocity (PWV), and was considered increased if 412ms�1.

Statistical analyses included multiple linear and logistic regressions to assess the independent correlates of increased aortic

stiffness. One hundred and sixty-eight patients (28%) had aortic PWV 412ms�1. Patients with increased PWV were older and

had a higher prevalence of cardiovascular risk factors than did those patients with low PWV. On ABPM, patients with elevated

PWV had higher daytime and night time systolic BP (SBP) and pulse pressures (PP), less nocturnal decrease in SBP and a

higher prevalence of non-dipping pattern. On multiple linear regression, the independently associated variables with aortic PWV

were age (Po0.001), 24-h PP (Po0.001), high-density lipoprotein (HDL)-cholesterol (Po0.001), microalbuminuria

(Po0.001), fasting glycemia (P¼0.001) and a decrease in nocturnal SBP (P¼0.002). Multivariate logistic regression confirmed

these results, with the non-dipping patients having a 72% higher likelihood of presenting with increased aortic stiffness (95%

confidence interval: 1.12–2.65, P¼0.013). This association was observed in both the reduced and reverted dipping patterns,

but not in the extreme dipping pattern. In conclusion, a blunted nocturnal decrease in BP is independently associated with

increased aortic stiffness in resistant hypertensive patients. Other independent correlates are older age, diabetes,

microalbuminuria, low HDL-cholesterol and a widened 24-h PP.
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INTRODUCTION

In recent years, there has been a growing awareness of the important
role of both central arterial stiffness and abnormally large artery
function in the pathogenesis of cardiovascular diseases.1,2 Arterial
stiffness depends on the material and geometric properties of the
arterial wall, as well as on the artery’s distending pressure. Aging and
blood pressure (BP) are the main determinants of arterial stiffness.1,2

The measurement of pulse wave velocity (PWV) between the common
carotid and femoral arteries, that is, along the descending thoraco-
abdominal aorta, is considered the gold standard evaluation of central
arterial stiffness because it is a simple, non-invasive, robust and
reproducible method.1 Most importantly, it has been shown to predict
cardiovascular morbidity and mortality above and beyond other
traditional cardiovascular risk factors in patients with end-stage
renal disease,3 hypertension4,5 and diabetes,6 as well as in elderly
individuals7 and in the general population.8

Resistant hypertension (RH) is a common, but generally under-
studied, clinical condition.9 Defined as the failure to control office BP
despite an optimal treatment with at least three antihypertensive drugs
in full dosages, one of which is always a diuretic, its prevalence ranges
from 10% to almost 30% of general hypertensives.9 It is a clinical
condition in which the persistently elevated BP levels frequently lead
to the rapid development of target organ damage and a high
cardiovascular morbidity and mortality.10,11 RH is also a well-estab-
lished indication for ambulatory BP monitoring (ABPM)9,12 to guide
diagnosis, therapy and prognosis.10–14 Recent studies15 suggest that,
on the basis of their common correlates, increased central arterial
stiffness may be a cause of RH. Nevertheless, aortic stiffness has never
been evaluated in patients with RH.

Therefore, the objective of this study was to investigate the
independent correlates of increased aortic stiffness in a large group
of RH patients. Specifically, we focused on well-known prognostic
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markers derived from ABPM, the nocturnal BP fall and circadian BP
variability patterns16,17 and their relationships to aortic stiffness.

METHODS

Patients and baseline procedures
This was a cross-sectional study involving 600 patients with RH (mean (s.d.)

age: 65 (11)years, 27.4% males) enrolled consecutively between March 2006

and April 2008 in the hypertension outpatient clinic of a tertiary-care

university hospital. All participants gave written informed consent, and the

study protocol was approved by the local Ethics Committee. The characteristics

of this cohort, the baseline procedures and the diagnostic definitions have been

detailed elsewhere.11–13,18 In brief, all patients with essential hypertension

(secondary hypertension was excluded, except sleep apnea syndromes that

were not evaluated) who fulfilled criteria for RH (office BP X140/90 mm Hg

using at least three antihypertensive drugs in full dosages, always including a

diuretic, and considered at least moderately adherent to treatment by a

validated questionnaire19) but were without peripheral arterial disease

(diagnosed by clinical examination or by an ankle-brachial index o0.9) were

submitted to a standard protocol that included a thorough clinical examina-

tion, laboratory evaluation, 12-lead ECG, two-dimensional-echocardiography,

24-h ABPM and PWV measurement. BP was measured twice, with patients in

the sitting position, using a digital blood pressure monitor (Omron HEM-907

XL, Omron Healthcare Co. Ltd., Kyoto, Japan) with a suitably sized cuff. The

BP used in the study was the mean between the two readings. Pulse pressure

(PP) was calculated as systolic BP minus diastolic BP (SBP�DBP). Physical

activity was defined as the self-reporting of any activity in leisure hours for a

minimum of 150 min per week. Coronary heart disease was diagnosed by one

of the following: a history of angina, previous myocardial infarction or

myocardial revascularization procedures; or by pathological Q-waves on ECG

(Minnesota codes: 1.1, 1.2); or by echocardiographic segmental wall motion

abnormalities. A history of stroke or transient ischemic attacks was diagnostic

of cerebrovascular disease. Echocardiographic left ventricular mass was calcu-

lated by the Devereux formula and indexed to body surface area (LVMI).

Left ventricular hypertrophy was defined as LVMI 4125 g m�2 in men and

4110 g m�2 in women. Laboratory evaluation included fasting glycemia,

serum creatinine, electrolytes, lipid profile and urinary albumin excretion rate

(UAER) in a sterile 24-h urine collection. Glomerular filtration rate was

estimated by the Cockcroft-Gault equation.

Ambulatory blood pressure (BP) monitoring was performed with a Mobil O

Graph version 12 (Dynamapa-Cardios Ltd., São Paulo, Brazil) recorder,

which has been approved by the British Society of Hypertension.20 All patients

used their prescribed antihypertensive medications during ABPM. A reading

was taken every 15 min during the day. During the night time period, which

was ascertained for each individual patient from registered diaries, readings

were taken every 30 min. The parameters evaluated were mean 24 h,

daytime and night time SBP, DBP and PP. Nocturnal SBP reduction was

analyzed as a continuous variable (the night-to-day SBP ratio) and

also dichotomized at well-established values. Patients were classified as

non-dipping pattern (night-to-day SBP ratio 40.9) or as dipping (night-

to-day SBP ratio p0.9). We subclassified the patients by the nocturnal BP

reduction as follows: normal dipping (night-to-day SBP ratio p0.9 and 40.8),

extreme dipping (night-to-day SBP ratio p0.8), reduced dipping (night-to-day

SBP ratio 40.9 and p1.0) and reverted dipping pattern (night-to-day SBP

ratio 41.0).

Immediately after the 24-h ABPM recording, a single trained independent

observer, unaware of other patients’ data, measured carotid-femoral PWV—

using the foot-to-foot velocity method—with the Complior SP equipment and

software21 (Artech-Medical, Paris, France). For this measurement, patients were

in the supine position after a minimum 10 min rest at a comfortable room

temperature. All examinations were carried out in the morning, between 0900

and 1100 hours, after patients had taken their morning dose of antihypertensive

drugs. Briefly, waveforms were obtained transcutaneously over the right

common carotid artery and the right femoral artery simultaneously during a

minimum period of 10–15 s. The time delay (t) was measured between the

troughs of the two waveforms, and the distance (D) covered by the waves was

measured directly between the femoral recording site and the carotid recording

site. Aortic PWV was calculated as D (meters)/t (seconds). Three consecutive

readings were obtained, and the mean of these three readings was reported as

the PWV. Increased central arterial stiffness was defined as an aortic PWV

412 m s�1.22

Statistical analysis
Continuous data were described as means±s.d. if normally distributed, or as

medians (with interquartile range) if asymmetrically distributed. Bivariate

comparisons between patients with and without increased aortic stiffness were

performed by unpaired t-test (for continuous normal variables), Mann–

Whitney test (for continuous asymmetric variables) and by w2-test (for

categorical variables). Simple Pearson’s coefficients of correlation were used

to evaluate the associations between aortic PWV and both office and ambu-

latory BPs. We also used the z-test for comparison of r values for these

associations. Independent correlates of increased central arterial stiffness were

assessed both by means of multiple linear regression (with continuous aortic

PWV as the dependent variable) and multiple logistic regression (with aortic

PWV 412 m s�1 as the dependent variable). For both multivariate analyses, a

stepwise forward selection procedure was used, in which a P-value o0.10 was

the criterion to remain in the models. The candidate variables were the

following: age, gender, waist circumference, presence of diabetes, physical

inactivity, dyslipidemia, smoking status, coronary heart disease and cerebro-

vascular disease at baseline, ambulatory 24-h PP and the nocturnal SBP fall,

heart rate, fasting glycemia, serum total and high-density lipoprotein (HDL)-

cholesterol, triglycerides, UAER and estimated glomerular filtration rate. UAER

and estimated glomerular filtration rate were log10 transformed because of their

high positive-skewed distribution. For logistic regression, age was dichotomized

at 65 years, 24-h PP at 57 mm Hg (the median value), with the nocturnal SBP

fall as dipping/non-dipping pattern, HDL-cholesterol at values suggested by the

Third Report of the National Cholesterol Education Program Expert Panel, and

UAER as normal (o30 mg/24 h) and abnormal microalbuminuria (X30 mg/

24 h). Finally, for comparisons of aortic PWV among subgroups of different

dipping patterns, analysis of covariance was used with post hoc Bonferroni’s

correction for pairwise comparisons with the reference normal dipping sub-

group, adjusted for other covariates (age, 24-h mean arterial pressure, glycemia,

HDL-cholesterol and log10 UAER). All statistical analyses were performed with

the SPSS statistical package version 13.0 (SPSS Inc., Chicago, IL, USA) and a

two-tailed P-value o0.05 was regarded as significant.

RESULTS

Baseline characteristics
Aortic PWV averaged 10.9 m s�1 (s.d.: 2.3, median value: 10.7,
range: 5.2–23.4 m s�1) with normal distribution. One hundred and
sixty-eight patients (28%) presented with increased aortic PWV
(412 m s�1). Table 1 outlines the baseline characteristics of patients
with normal and increased aortic PWV. Patients with increased PWV
were older, with a wider waist circumference, an increased prevalence
of cardiovascular risk factors (diabetes, physical inactivity, dyslipide-
mia and microalbuminuria) and more coronary heart disease at
baseline compared with patients with lower aortic PWV. They also
had higher office and ambulatory SBP and PP, lower nocturnal BP
decline and a higher prevalence of non-dipping patterns than those
without increased PWV. There were no differences in the antihyper-
tensive drug treatment between the two groups in either the number
or the specific classes of antihypertensive drugs used. There was also
no difference in antihypertensive treatment between the dipper and
non-dipper patients. All patients used a median of four antihyperten-
sive drugs at baseline (range 3–6 drugs, 100% were on diuretics) and a
median of two drugs at bedtime (all patients took at least one
antihypertensive drug at bedtime).

Independent correlates of increased aortic stiffness
Table 2 shows the simple linear correlations of SBP and PP, both office
and ambulatory, with aortic PWV. Correlation coefficients were
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significantly higher for ambulatory BPs and PP than for office BPs and
SBP (respectively). In addition, night time BPs tended to be more
closely correlated with aortic PWV than daytime BPs. On account of
this, we chose to include 24-h PP (which included the daytime and the
night time periods) in the multivariate analyses.

Table 3 shows the independent correlates of aortic PWV, evaluated
as a continuous variable, by means of multiple linear regressions. Age,
24-h PP, HDL-cholesterol, UAER, fasting glycemia and the nocturnal
SBP decline—all analyzed as continuous variables—were the inde-

pendent correlates of central arterial stiffness. The inclusion of 24-h
SBP in the regression model, instead of PP, did not affect the results.
Twenty-four hours SBP replaced 24-h PP as the second most strongly
associated variable with aortic PWV (partial correlation: 0.25,
Po0.001), but did not change any of the other significant covariates.
For example, the nocturnal SBP reduction remained significantly
associated with aortic PWV, and the parameters were virtually
unchanged. The B-coefficient changed from 0.26 to 0.27, and the
partial correlation coefficient remained unchanged at 0.13.

Table 1 Baseline characteristics of resistant hypertensive patients with normal and increased central aortic arterial stiffness

Characteristic

Patients with aortic

PWV p12ms�1 (n¼432)

Patients with aortic

PWV 412ms�1 (n¼168) P-value

Age (years) 63.0 (10.5) 70.0 (9.2) o0.001

Gender, male 25.9% 31.5% 0.19

Body mass index (kgm�2) 29.7 (5.4) 29.6 (5.3) 0.77

Waist circumference (cm) 98 (90–106) 100 (94–108) 0.037

Diabetes 30.6% 57.1% o0.001

Physical inactivity 68.7% 77.4% 0.041

Current smoking 9.7% 8.8% 0.76

Dyslipidemia 69.0% 76.9% 0.066

Coronary heart disease 20.6% 31.3% 0.009

Cerebrovascular disease 14.7% 17.7% 0.44

Echocardiographic LVH 75.3% 75.9% 0.91

Number of antihypertensive drugs 4 (3–5) 4 (3–5) 0.19

Class of antihypertensive drugs

ACE inhibitors/AR blockers 93.2% 92.2% 0.72

b-Blockers 83.6% 82.0% 0.63

Calcium channel blockers 68.7% 67.7% 0.85

Direct vasodilators (hydralazine or minoxidil) 33.6% 31.1% 0.63

Central a agonists 19.2% 15.0% 0.29

SBP (mmHg)

Office 177 (29) 184 (29) 0.008

24-h 133 (18) 141 (19) o0.001

Daytime 135 (19) 142 (19) o0.001

Night time 123 (20) 135 (20) o0.001

DBP (mmHg)

Office 98 (19) 93 (18) 0.014

24-h 77 (13) 75 (12) 0.29

Daytime 78 (13) 77 (12) 0.14

Night time 70 (13) 71 (12) 0.25

Night-to-day SBP ratio 0.91 (0.09) 0.95 (0.08) o0.001

Night-to-day DBP ratio 0.89 (0.10) 0.93 (0.09) o0.001

Non-dipping pattern 54.0% 71.7% o0.001

Resting heart rate (b.p.m.) 68 (13) 70 (13) 0.23

Fasting glycemia (mmol l�1) 6.2 (2.3) 6.8 (2.4) 0.008

Total cholesterol (mmol l�1) 5.30 (1.14) 5.34 (1.18) 0.66

HDL-cholesterol (mmol l�1) 1.22 (0.35) 1.13 (0.31) 0.003

HDL-cholesterol o1.03 mmol l�1 (men) or o1.29 mmol l�1 (women) 55.7% 66.7% 0.016

Triglycerides (mmol l�1) 1.39 (1.05–2.01) 1.61 (1.16–2.29) 0.005

Serum creatinine (mmol l�1) 80 (62–97) 88 (71–106) 0.003

Estimated GFR (ml min�1) 77 (57–101) 65 (52–82) o0.001

UAER (mg/24 h) 11.3 (6.0–26.4) 16.0 (8.0–84.1) 0.001

Microalbuminuria X30 mg/24 h 23.9% 38.0% 0.001

Abbreviations: ACE, angiotensin-converting enzyme; AR, angiotensin II receptor; DBP, diastolic blood pressure; GFR, glomerular filtration rate; HDL, high-density lipoprotein; LVH, left ventricular
hypertrophy; PWV, pulse wave velocity; SBP, systolic blood pressure; UAER, urinary albumin excretion rate.
Values are means (s.d.) or proportions, except for waist circumference, number of antihypertensive drugs, serum triglycerides, creatinine, estimated GFR and microalbuminuria that are medians
(interquartile ranges).
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Table 4 presents the independent variables associated with increased
aortic stiffness (PWV 412 m s�1) when evaluated by multivariate
logistic regression. Similar to the previous analysis, older age, a
widened 24-h PP, presence of diabetes, a low HDL-cholesterol,

abnormal microalbuminuria and non-dipping pattern were the inde-
pendent correlates. Changing the cutoff value for increased aortic
PWV to 410 m s�1, or using age-dependent cutoffs (410 m s�1 in
individuals younger than 65 years and 412 m s�1 in those older than
65 years), did not alter qualitatively the results of logistic regression.

Finally, Figure 1 shows that an association between the non-dipping
pattern and increased aortic stiffness is observed in both the reduced
and the reverted dipping patterns, whereas the extreme dipping
subgroup had an aortic PWV equal to the normal-dipping patients.

DISCUSSION

This study shows that a blunted nocturnal BP reduction, evaluated
either as a continuous variable or as categorical dipping/non-dipping
status, is an independent correlate of increased central aortic stiffness
in patients with RH. This association is observed in both the reduced
and the reverted dipping patterns, but not in the extreme dipping
pattern. This study also found that, beyond aging and BP levels
(ambulatory PP was the best correlated BP variable), well-known
determinants of increased arterial stiffness, a high fasting glycemia (or
diabetes), a low HDL-cholesterol and an increased UAER are also
independently associated with aortic stiffness. This is the first study
investigating the correlates of central arterial stiffness in patients with
RH, an important and prevalent subgroup of general hypertensive
patients9 with a very high cardiovascular-risk profile.10,11

Few studies have examined the relationships between the nocturnal
BP decline, dipping patterns and central arterial stiffness. When
studied, the findings have been conflicting. The first study to address
this issue,23 which evaluated 106 untreated hypertensive individuals,
found that aortic PWV was an independent predictor of the nocturnal
SBP reduction. Similarly, three other studies24–26 reported significant
associations between the non-dipping pattern and arterial stiffness.

Table 2 Simple linear correlations between aortic pulse wave velocity

and systolic and pulse pressures

BPs Correlation coefficient P-value

SBP

Office 0.13 0.002

24-h 0.24* o0.001

Daytime 0.20* o0.001

Night time 0.31*,z o0.001

PP

Office 0.28w o0.001

24-h 0.40*,w o0.001

Daytime 0.37*,w o0.001

Night time 0.42*,w o0.001

Abbreviations: BP, blood pressure; SBP, systolic blood pressure; PP, pulse pressure; *Po0.05
for comparisons between the correlation coefficients of office and ambulatory BPs.
wPo0.05 for comparisons of PP correlation coefficients with their respective SBP coefficients.
zPo0.05 for comparisons between the correlation coefficients of daytime and night time BPs.

Table 3 Multiple linear regression for the variables independently

associated with aortic pulse wave velocity (the dependent variable)

Covariates B coefficient (s.e.) Partial correlation P-value

Age (10 years) 0.87 (0.08) 0.41 o0.001

24-h Pulse pressure (10 mm Hg) 0.41 (0.07) 0.25 o0.001

HDL-cholesterol (1mmol l�1) �0.87 (0.24) �0.15 o0.001

UAER (1 Log10) 0.42 (0.12) 0.15 0.001

Fasting glycemia (1mmol l�1) 0.12 (0.04) 0.14 0.001

Night-to-day SBP ratio (0.1) 0.29 (0.09) 0.13 0.002

Abbreviations: HDL, high-density lipoprotein; SBP, systolic blood pressure; PP, partial pressure;
UAER, urinary albumin excretion rate.
R2 of the model: 0.33.
Candidate variables for stepwise regression: age, gender, waist circumference, presence of
diabetes, physical inactivity, dyslipidemia, smoking status, coronary heart disease and
cerebrovascular disease at baseline, ambulatory 24-h PP and the nocturnal SBP fall, heart rate,
fasting glycemia, serum total and HDL-cholesterol, triglycerides, UAER and estimated
glomerular filtration rate.

Table 4 Multiple logistic regression for the variables independently

associated with increased central arterial stiffness (aortic pulse wave

velocity 412ms�1, the dependent variable)

Covariates Odds ratio 95% CI P-value

Age 465 years 3.09 2.00–4.76 o0.001

24-h Pulse pressure 457mm Hg 2.57 1.68–3.92 o0.001

Diabetes (present vs. absent) 2.03 1.34–3.06 0.001

HDL-cholesterol (low vs. normal) 1.87 1.22–2.88 0.004

Microalbuminuria (abnormal vs. normal) 1.92 1.22–3.01 0.005

Non-dipping pattern (vs. normal dipping) 1.72 1.12–2.65 0.013

Abbreviations: CI, confidence interval; HDL, high-density lipoprotein; PP, partial pressure.
Area under receiver operating characteristics (ROC) curve of the model:
0.77 (95% CI: 0.73–0.81, Po0.001); Hosmer–Lemeshow goodness-of-fit test: P¼0.62.
Candidate variables for stepwise regression: age, gender, waist circumference, presence of
diabetes, physical inactivity, dyslipidemia, smoking status, coronary heart disease and
cerebrovascular disease at baseline, ambulatory 24-h PP and dipping/non-dipping status,
heart rate, serum total and HDL-cholesterol, triglycerides, microalbuminuria and estimated
glomerular filtration rate.

Overall ANCOVA p = 0.038

p = 0.99

p = 0.028
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Figure 1 Box-plot graphic representation of aortic pulse wave velocity in the

four subgroups of dipping patterns. P-values are for analysis of covariance

(ANCOVA) post hoc comparisons (after Bonferroni’s correction) using a

normal dipping group as the reference, and after further adjustment for age,

24-h mean arterial pressure, fasting glycemia, high-density lipoprotein-

cholesterol and log10 urinary albumin excretion rate.
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The largest study,25 evaluating 314 untreated hypertensives, reported a
significant association only with the reverted dipping pattern. Two
other studies27,28 did not find any correlation between the dipping
pattern and arterial stiffness, probably because they only evaluated the
nocturnal BP decline as dipping/non-dipping categories, which has
poor reproducibility.29 Recently, two other cross-sectional studies,30,31

the largest31 using 622 treated and untreated hypertensives, also found
no associations between the continuous nocturnal BP reduction and
aortic PWV using multivariate analysis. The conflicting results could
either be due to the different hypertensive populations evaluated
(number of patients, treated or untreated, resistant or non-resistant,
influence of different antihypertensive medications) or the different
methods of evaluation (number of BP measurements during the
night time period; fixed or variable nocturnal period, definitions of
abnormal dipping patterns; and different measures of arterial stiffness)
or both.

The pathogenesis underlying this association between a blunted
nocturnal BP reduction and increased aortic stiffness has not been
elucidated. Although a causal relationship cannot be inferred from a
cross-sectional design study, we can generate some hypotheses. A low
nocturnal BP decrease is associated with higher night time SBP and
PP, which may be particularly deleterious to aortic structure and
function. Conversely, both conditions may be linked by common
pathogenetic mechanisms, such as nocturnal autonomic imbalance
favoring sympathetic overactivity,25,32 or low-grade chronic systemic
inflammation.33,34 More importantly, a blunted nocturnal BP decrease
has been consistently shown to be a predictor of worse cardiovascular
outcome.16,17 Our results suggest that an increased central arterial
stiffness may be one of the underlying physiopathological mechanisms
involved in this worse cardiovascular prognosis. These important
issues should be addressed in future prospective studies that use serial
determinations of aortic PWV to determine whether a blunted
nocturnal BP reduction is actually associated with increasing aortic
stiffness during follow-up. Furthermore, studies must investigate
whether any therapeutic intervention to reverse non-dipping patterns
would be able to improve aortic stiffness, thus reducing cardiovascular
morbidity and mortality.

The other independent correlates of increased arterial stiffness
observed in this study—aging, BP levels, fasting glycemia, HDL-
cholesterol and microalbuminuria—have all been described ear-
lier.35,36 The impact of fasting glycemia and HDL-cholesterol levels
probably reflect the influence of metabolic syndrome on central
arterial stiffness.37 In particular, the independent association between
increased aortic stiffness and microalbuminuria, a marker of glomer-
ular (and probably systemic) endothelial dysfunction/damage, links
microvascular damage with large artery dysfunction and deserves
further discussion. This association has been reported earlier both
in diabetic38 and non-diabetic hypertensive patients.39 Increased aortic
stiffness may damage microcirculation by the transmission of
increased pulsatile pressure to microvascular beds.2 Such transduction
would be especially deleterious in high-flow low-resistance vascular
beds present in the kidneys and the brain.40 Alternatively, microvas-
cular dysfunction may damage large elastic arteries by an inward
remodeling, in which altered vasodilatation of the microcirculation
enhances pulse wave reflections and central PP.2 Finally, both micro-
circulation and large artery damage may have common pathogenetic
mechanisms yet to be discovered.2

This study has some limitations. First, being a cross-sectional study,
causal inferences regarding the observed associations are precluded.
Second, sleep apnea syndromes, a secondary cause of hypertension
associated with a blunted nocturnal BP fall, were not routinely

investigated. Hence, the presence of sleep apnea may be a confounder
of the relationship between nocturnal BP reduction and aortic stiff-
ness, which we could not account for. We routinely investigated the
presence of renovascular hypertension and primary hyperaldosteron-
ism, and excluded these patients from this report. Third, this study
enrolled only patients with RH, which is a common but generally
understudied subgroup of general hypertensives.9 Therefore, our
results may not be generalized to other hypertensive individuals.

In conclusion, this study involving a large group of RH patients
shows that a blunted nocturnal BP decline and non-dipping patterns
are independently correlated with increased aortic stiffness. Other
independent correlates are older age, a widened ambulatory PP, high
fasting glycemia, low HDL-cholesterol levels and increased micro-
albuminuria. This suggests that RH patients with increased aortic
stiffness may be at a particularly high cardiovascular risk, as all the
correlates are well-known markers of adverse cardiovascular outcome.
Prospective studies are necessary to investigate both the cardiovascular
prognostic value and the physiopathological mechanisms underlying
the relationships between circadian BP variability and arterial stiffness.
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