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Introduction: We investigated the correlation between systolic and diastolic nocturnal blood pressure (BP) 
values and office BP values, as well as parameters of 24-hour ambulatory BP monitoring, in patients with hy-
pertension. In addition, we compared nocturnal hypertensives with nocturnal normotensives regarding their 
demographic, clinical, and laboratory characteristics, as well as other data from 24-hour BP monitoring.
Methods: The study included 182 consecutive patients who had newly diagnosed, never treated, uncompli-
cated arterial hypertension. Blood samples were obtained from all patients for the determination of glycaemic 
and lipidaemic profiles. All underwent a complete echocardiographic examination, including tissue Doppler 
imaging, measurement of carotid intima–media thickness, measurement of carotid–femoral pulse wave ve-
locity, and determination of the augmentation index of reflected waves (Aix@75), as well as 24-hour am-
bulatory BP monitoring. The population was divided into nocturnal normotensives (NN, n=77) and nocturnal 
hypertensives (NH, n=105, nocturnal BP >120/70 mmHg).
Results: Although the NH did not differ from the NN as regards the classical cardiovascular risk factors, they 
showed an excessive inotropic response to exercise (61.9% vs. 22.7%, p=0.028), higher levels of serum 
uric acid (5.5 ± 1.56 mg/dl vs. 4.7 ± 1.36 mg/dl, p=0.003), as well as greater arterial stiffness, as expressed 
by a higher carotid–femoral pulse wave velocity (8.6 ± 1.6 m/s vs. 7.9 ± 1.4 m/s, p=0.009), and a greater 
carotid intima–media thickness (0.74 ± 0.17 mm vs. 0.68 ± 0.15 mm, p=0.007). In addition, although the 
two groups did not differ significantly as regards office BP values and did not show strong correlations be-
tween nocturnal and office BP, both nocturnal diastolic and, especially, systolic BP showed strong correla-
tions with levels of serum uric acid and with subclinical lesions in the heart, central aorta, peripheral vessels, 
and renal vasculature.
Conclusions: Nocturnal BP is poorly correlated with office BP values. However, the presence of noctur-
nal hypertension is associated with morphological and functional disturbances of the cardiovascular net. 
24-hour ambulatory BP monitoring is an essential tool for revealing this subgroup of hypertensive patients 
who are at increased cardiovascular risk.

M any investigators consider the 
blood pressure (BP) during 
nocturnal sleep to be the rep-

resentative value for the organism, given 
that it is not affected by psychological,1 
dietary, or other habits that affect day-
time behaviour.2 In addition, an inade-

quate drop in BP during nocturnal sleep 
(non-dipping status), which has been stud-
ied extensively and has been correlated 
with target organ damage and a bad prog-
nosis, is not an identical concept to that of 
nocturnal hypertension. The international 
literature does not report any correlation 
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between nocturnal BP and office BP, while the rela-
tion between the presence of nocturnal hypertension 
and target organ damage, in contrast to the dipping 
state, remains controversial.3-6

The aim of the present study was to investigate 
the correlation between nocturnal systolic and dia-
stolic BP values and the corresponding office values, 
as well as parameters from 24-hour BP monitoring. 
We also compared nocturnal hypertensives with noc-
turnal normotensives regarding their demographic, 
clinical, and laboratory characteristics, as well as oth-
er data from 24-hour BP monitoring.

Methods

Study population

This was a cross-sectional study that included 182 con-
secutive patients who had newly diagnosed, never treat-
ed, uncomplicated arterial hypertension, stage I-II. The 
diagnosis and stratification of the hypertension were 
based on recent guidelines7 for the treatment and man-
agement of hypertension (office BP ≥140/90 mmHg, 
confirmed by 24-hour BP monitoring ≥130/80 mmHg). 
Secondary hypertension was ruled out using the proce-
dure suggested in the international literature.8,9

Patients with a history or a clinical indication of 
coronary artery disease, congestive heart failure, val-
vular disease, chronic obstructive pulmonary disease, 
a permanent pacemaker, or atrial fibrillation, were 
excluded from the study, as were those patients with 
morbid obesity (body mass index >40 kg/m2), and 
those with a significant chronic systemic disease, in-
cluding diabetes mellitus and chronic renal failure. 
In order to ensure the evaluation of nocturnal blood 
pressure would be as accurate as possible, night work-
ers were not included in the study. In addition, sub-
jects with <80% valid daytime or night-time mea-
surements on each ambulatory blood pressure re-
cording (n=17), and those who reported significantly 
disturbed sleep (n=14) because of the examination 
were also excluded from the study. Subjects with iso-
lated white-coat hypertension were also excluded, 
given that this population shows intermediate charac-
teristics compared with normotensive individuals and 
hypertensive patients.

Methodology

The study protocol was approved by our hospital’s 
ethics committee and conformed to the 1964 Decla-

ration of Helsinki. All subjects gave their written in-
formed consent.

BP measurements and definitions

Office blood pressure was measured on three sepa-
rate visits, at least one week apart, in accordance with 
the recent guidelines of the European Society of Hy-
pertension.7 On each visit, three BP measurements 
were made at two-minute intervals, after the sub-
ject had refrained from coffee, exercise, and smok-
ing for at least 30 min, and had relaxed for at least 5 
min sitting in a quiet environment. The mean value 
of the last two measurements on each visit was de-
termined, and the mean value of the three visits was 
taken as the office BP. The 24-hour ambulatory BP 
monitoring was performed during the working day, 
using SpaceLabs 90207 units (Redmond WA, USA). 
Briefly, the pressure meter was placed on the non-
dominant upper limb, and measurements were made 
every 15 min during the day and every 20 min during 
the night. The daytime and night-time periods were 
determined using a special questionnaire that the pa-
tients completed, which included questions about the 
times they went to bed and got up, as well as ques-
tions about the quality of sleep and physical activity 
during the recording period. Based on the nocturnal 
BP levels (systolic BP >120 mmHg and/or diastolic 
BP >70 mmHg) the study population was divided in-
to two groups: nocturnal hypertensives (NH, n=105) 
and nocturnal normotensives (NN, n=77).

All participants underwent a full clinical examina-
tion and an evaluation of their metabolic profile, includ-
ing high-sensitivity C-reactive protein (hs-CRP), 12-lead 
ECG, a full echocardiographic examination, determina-
tion of carotid–femoral pulse wave velocity (PWV), us-
ing a Complior SP device, and the augmentation index 
(Aix@75), using a Sphygmocor device, as well as echo-
cardiographic determination of the intima–media thick-
ness of the posterior wall of the common carotid arteries 
1 cm before the origin of the carotid bulb. In addition, 
the patients underwent a maximal treadmill exercise test 
using the Bruce protocol,10,11 as well as determination of 
flow-mediated dilation in the brachial artery following 4 
minutes’ ischaemic ligation, in accordance with interna-
tional guidelines.12

Laboratory tests

Venous blood samples were taken between 8 am and 
9 am, after overnight fasting, for the evaluation of gly-
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caemic and lipidaemic profiles, uric acid levels, creat-
inine and electrolytes, as well as indexes of thrombo-
sis (fibrinogen, homocysteine, lipoprotein Lp(a)), in-
flammation (hs-CRP) and neurohormonal activation 
(brain natriuretic peptide, BNP).

Estimated glomerular filtration rate (eGFR) was 
calculated according to the modification of diet in re-
nal disease (MDRD) formula.13 The levels of hs-CRP 
were evaluated using a validated high-sensitivity test 
(Dade Behring CardioPhase hsCRP, Marburg, Ger-
many) with a coefficient of variation of 3.4%.13 BNP 
was determined by an immunometric assay using the 
validated analyser Triage MeterPro (Biosite, Inc.). 
The BNP levels detected ranged from 5-1300 pg/ml, 
while the accuracy of the method, the analytical sen-
sitivity, and the stability characteristics have been de-
scribed in previous studies.14

Echocardiography

All participants in the study underwent an echocar-
diographic examination by an experienced operator, 
who was unaware of the patients’ clinical details or 
BP data, using a General Electric Vivid 5 echocar-
diogram device with a 2.5-5 MHz transducer, in ac-
cordance with the guidelines of the American Soci-
ety of Echocardiography.15 The left atrial diameter 
was measured from the two-dimensional M-mode 
recording in the parasternal long-axis view, while the 
apical four-chamber view was used to determine the 
cephalocaudal and frontal diameters. These three 
diameters were used to calculate the left atrial vol-
ume, which was normalised to body surface area. 
The mass of the left ventricle was calculated using 
the formula of Devereux et al,16 and was corrected 
for height because of a mean body mass index above 
normal levels, which would have underestimated the 
left ventricular mass index (LVMI).17 The maximum 
velocities of the E and A waves of transmitral flow 
were measured using pulsed Doppler and their ra-
tio, together with the established Doppler indexes 
of left ventricular diastolic filling (ratio of maximum 
velocities of the E/A waves of transmitral flow, iso-
volumic relaxation time, E-wave deceleration time) 
were evaluated as indexes of diastolic function. Tis-
sue Doppler imaging (TDI) was used to determine 
the systolic and diastolic tissue velocities of the six 
basal segments of the left ventricle and the mean 
of the six values was used to evaluate the systolic 
(Sm) and diastolic (Em, Am) left ventricular perfor-
mance.

Statistical analysis

Continuous variables with a normal distribution are 
given as mean ± standard deviation or, in the case of 
an asymmetrical distribution, as median and range. 
Because of its asymmetrical distribution, hs-CRP was 
transformed logarithmically and the regularity of the 
transformed variable was verified before the statisti-
cal analysis. Categorical variables are given as abso-
lute and relative frequencies. Between-group com-
parisons were performed using the Student t-test or 
the chi-square test, as appropriate. Analysis of covari-
ance was used to examine any differences between 
the groups after adjustment for confounding factors. 
Correlations between nocturnal systolic and diastolic 
and office BP values were evaluated using Pearson’s 
correlation coefficient. The statistical analyses were 
carried out using the SPSS 15.0 software package 
(SPSS Inc, Chicago, IL, USA). A p-value <0.05 was 
considered as statistically significant.

Results

The NH patients did not differ significantly from the 
NN as regards age (Table 1). This hypertensive popu-
lation was predominantly middle-aged (50.8 ± 12.8 
years) and women made up one third of the total. The 
sex distribution was similar in both the study groups, 
and two thirds of the women were menopausal.

In addition, the majority of the patients were 
overweight (52.2%); 21.4% had a normal weight and 
26.4% were obese. However, abdominal obesity, as 
defined in terms of waist circumference (>102 cm 
for men and >88 cm for women) was present in on-
ly 23.1% of the patients. Thus, less than one third of 
the patients in both groups had the typical character-
istics of metabolic syndrome (at least 3 of the 5 items 
required by Adult Treatment Panel III). Snoring his-
tory was evaluated using the validated Epworth clini-
cal questionnaire. Patients with a high score were ex-
cluded from the present study and were referred for 
further investigation in a sleep study. In our study, at 
least half the patients from each group reported a his-
tory of snoring, but with low Epworth grades. Around 
40% of the patients in both groups reported a family 
history of cardiovascular disease.

The active smokers in both groups represented 
a third of the study population, while former smok-
ers, defined as patients who had not smoked during 
the previous year, made up 24.7% and non-smokers 
41.8%. The mean smoking duration of the smokers 
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exceeded 20 years in both groups and did not differ 
significantly. In addition, the percentages of patients 
who smoked <10, 10-20 and >20 cigarettes per day 
were similar in the two groups (NH: 10%, 11% and 
27%. NN: 12%, 13% and 25%, respectively).

In the whole population the 10-year risk of car-
diovascular morbidity and mortality according to the 
Framingham score was 12.65% (interquartile range 
6.8-19.7%) and there was no significant difference be-
tween the two study groups. A plurality of the patients 
(41%) had a risk of <10%, while risk levels of 10-15%, 
15-20%, 20-30%, and >30% were found in 17.1%, 
18.1%, 11.4%, and 12.4% of patients, respectively.

Similarly, in the overall population the 10-year 
risk of cardiovascular mortality according to the 
HeartScore18 was 1.36% (0.37-4.2%) and did not dif-
fer significantly between the two study groups. About 
half the patients (46.8%) had a 10 year risk <1%, 
while a low risk (1-2%), moderate risk (2-5%), high 
risk (5-10%), and very high risk (>10%) were found 
in 12.3%, 21.4%, 13%, and 6.5% of the patients, re-
spectively.

Categorising the patients based on the risk clas-
sification proposed by the European Society of Hy-
pertension revealed that the majority (53.3%) showed 
a moderate added risk, while 44% had a high added 
risk, with only 2.7% of patients having a small added 
risk. No patient had a very high added risk, given that 
diabetic patients and those with established cardio-
vascular, cerebrovascular, or renal disease had been 
excluded from the study.

One interesting observation is that, even though 
the two groups of hypertensive patients did not dif-
fer in any of the above demographic and clinical char-
acteristics, the majority of the NH patients (61.9%) 
showed an excessive inotropic response during maxi-
mal treadmill stress testing, while this was seen in on-
ly 22.7% of the NN patients.

The NH patients had significantly lower blood 
glucose levels than the NN (95 ± 12 versus 99 ± 10, 
p=0.017), even though they did not differ significant-
ly as regards levels of glycosylated haemoglobin (5.4 
± 0.42 versus 5.5 ± 0.37; Table 2). The NH patients 
also had significantly higher uric acid levels compared 
with the NN hypertensives (5.5 ± 1.56 versus 4.7 ± 
1.36, p=0.003).

The patients in this study, who had new, uncom-
plicated hypertension, had normal kidney function, 
as indicated by serum creatinine levels (0.9 ± 0.18 in 
both groups) and by the MDRD measure of creati-
nine clearance (86 ± 19 versus 81 ± 17, p: NS). Nine-
ty-seven percent of the patients had a GFR MDRD 
>60 mL/min/1.73 m2 and only 3% (all women) had 
values between 30-60 mL/min/1.73 m2.

In addition, the albumin–creatinine ratio in morn-
ing urine samples was within the normal range for the 
overall population (7 mg/g, IR: 5-11 mg/g) and did not 
differ significantly between the two groups (NH: 8.5 
mg/g, 5.2-11.7, and NN: 6 mg/g, 5-9.5).

The two groups of patients also showed no sta-
tistically significant differences as regards lipidaemic 
profile and indexes of thrombosis (fibrinogen, homo-

Table 1. Clinical and demographic data of the study population.

 NH NN p

Age (years) 51 ± 12 50 ± 13 NS
Sex (% women) 30.5 40.3 NS
Menopause (%) 56.3 61.3 NS
Body mass index (kg/m2) 28.4 ± 3.8 27.4 ± 3.6 NS
Waist circumference (cm) 94 ± 10 96 ± 11 NS
Waist/hip ratio 0.90 ± 0.07 0.89 ± 0.06 NS
Metabolic syndrome (%) 28.9 29.7 NS
Ten-year cardiovascular risk according to Framingham Score 11.8 (6.6-19.9) 12.8 (7.2-19.7) NS
Ten-year risk according to HeartScore 1.2 (0.3-4.7) 1.5 (0.4-3.4) NS
Patients with a moderate added risk according to the ESH (%) 54 52 NS
Patients with a high added risk according to the ESH (%) 42 47 NS
Active smokers (%) 34.3 32.5 NS
Years of smoking 21 ± 12 22 ± 10 NS
Number of cigarettes: <10, 10-20, >20 daily (% patients) 10-11-27 12-13-25 NS
Family history of cardiovascular disease (%) 42.2 39.5 NS
Snoring (%) 55.4 57.3 NS
Excessive inotropic response during exercise (%) 61.9 22.7 0.028

NH – nocturnal hypertensives; NN – nocturnal normotensives; ESH – European Society of Hypertension.
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cysteine, Lp(a)), inflammation (hs-CRP), and neuro-
hormonal activation (BNP).

The NH group did not differ significantly from 
the NN patients regarding any of the indexes of ear-
ly damage to the left ventricle or the left atrium, al-
though the indexes were all arithmetically more af-
fected in the NH group, with the sole exception of left 
ventricular mass index normalised to height2.7 (Table 
3). In addition, the augmentation index of reflected 
waves (Aix@75) and the flow mediated dilation in 
the brachial artery did not differ significantly between 
the NH and NN groups (26 ± 99 versus 25 ± 10, and 
5.4 ± 3.6 versus 6 ± 4.1%, respectively).

In contrast, the NH group showed significantly 
greater intima–media thickness of the posterior wall 

of the common carotid arteries (0.74 ± 00.17 versus 
0.67 ± 0.15, p=0.007) and greater carotid–femoral 
PWV (8.5 ± 1.6 versus 7.9 ± 1.4, p=0.009), two vali-
dated indexes of arterial stiffness.

Although the two groups of hypertensive patients 
did not differ significantly as regards the office sys-
tolic, diastolic and mean BP, pulse pressure, or office 
heart rate, on 24-hour ambulatory BP monitoring the 
NH group showed significantly greater values for the 
whole 24 hours, for daytime and night-time separate-
ly, diastolic and mean BP (p<0.001 for all), as well as 
for nocturnal pulse pressure (Table 4). The heart rate 
did not differ significantly between the groups in any 
of the measurements (office, 24-hour, day, night). In 
contrast, the NH group showed a significantly lower 

Table 2. Comparison of the biochemical data in the study population.

 NH NN p

Blood glucose 95 ± 12 99 ± 10 0.017

HbA1c 5.4 ± 0.42 5.5 ± 0.37 NS

Creatinine 0.9 ± 0.18 0.9 ± 0.18 NS

GFR MDRD 86 ± 19 81 ± 17 NS

Uric acid 5.5 ± 1.56 4.7 ± 1.36 0.003

Log hs-CRP 0.018 ± 0.46 -0.027 ± 0.61 NS

Total cholesterol 212 ± 38 219 ± 35 NS

Triglycerides 124 ± 62 116 ± 55 NS

HDL-cholesterol 50 ± 14 52 ± 11 NS

Log Lp(a) 1.1 ± 0.4 1 ± 0.5 NS

Log homocysteine 1 ± 0.19 1 ± 0.15 NS

Fibrinogen 337 ± 66 351 ± 82 NS

Log BNP 1 ± 0.37 1 ± 0.39 NS

Log ACR 0.99 ± 0.37 0.89 ± 0.34 NS

NH – nocturnal hypertensives; NN – nocturnal normotensives; HbA1c – glycosylated haemoglobin; GFR – glomerular filtration rate; MDRD – modification 
of diet in renal disease; hs-CRP – high sensitivity C-reactive protein; BNP – brain natriuretic peptide; ACR – albumin–creatinine ratio.

Table 3. Comparison of target organ damage in the study population.

 NH NN p

Transmitral Ε/Α ratio 1 ± 0.33 1.1 ± 0.31 NS
DecT 207 ± 53 201 ± 42 NS
IVRT 100 ± 22 96 ± 18 NS
TDI Em/Am 0.95 ± 0.4 0.94 ± 0.26 NS
LAVI 22 ± 5 20 ± 5 NS
LVMI 38 ± 7.7 39 ± 9.2 NS
FMD brachial artery (%) 5.4 ± 3.6 6 ± 4.1 NS
Aix@75 (%) 26 ± 9 25 ± 10 NS
Carotid–femoral PWV (m/s) 8.6 ± 1.6 7.9 ± 1.4 0.009
Carotid IMT (mm) 0.74 ± 0.17 0.68 ± 0.15 0.007

NH – nocturnal hypertensives; NN – nocturnal normotensives; DecT – deceleration time; IVRT – isovolumic relaxation time; TDI – tissue Doppler imaging; 
LAVI – left atrial volume index; LVMI – left ventricular mass index; FMD – flow-mediated dilation; Aix@75 – augmentation index of reflected waves; PWV 
– pulse wave velocity; IMT –intima–media thickness.
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nocturnal drop in systolic (7.4 ± 7.8% versus 14.2 ± 
6.2%, p<0.001), diastolic (10.2 ± 8.6% versus 18.2 ± 
7.2%, p<0.001), mean (8.3 ± 8% versus 16.4 ± 6.5%, 
p<0.001), and pulse pressure (2 ± 12% versus 7.5 ± 
8.5%, p=0.001) than the NN group, as well as a lower 
heart rate (13.8 ± 8.2% versus 17 ± 6.7%, p=0.006).

Nocturnal systolic BP was not correlated with di-
astolic office BP, and nocturnal diastolic BP was not 
correlated with systolic office BP (Table 5). In con-
trast, nocturnal systolic BP showed strong positive 
correlations with systolic and mean office BP, and 
office pulse pressure. Similarly, nocturnal diastolic 
BP had a strong positive correlation with diastolic 
and mean office BP, and a strong negative correla-
tion with office pulse pressure (r=-0.186, p=0.012).

In addition, nocturnal systolic BP had strong pos-
itive correlations with 24-hour systolic, diastolic, and 
mean BP, as well as with daytime systolic, diastolic 
and mean BP, and pulse pressure. In contrast, night-
time diastolic BP showed strong positive correlations 
with 24-hour systolic, diastolic, and mean BP, as well 
as with daytime systolic, diastolic, and mean BP, but 
had a negative correlation with 24-hour and daytime 
pulse pressure.

Both systolic and diastolic nocturnal BP had a 

strong negative correlation with the nocturnal drop 
in systolic BP and with the nocturnal drop in diastolic 
and mean BP. In contrast, only nocturnal systolic BP 
had a strong negative correlation with the nocturnal 
drop in pulse pressure (r=-0.378, p<0.001) and the 
heart rate (r=-0.341, p<0.001).

Finally, especially systolic, but also diastolic noc-
turnal BP had a strong positive correlation with the 
response to exercise of both systolic and diastolic 
BP.

Entire population (Table 6)

Nocturnal systolic BP had a strong positive corre-
lation with height (r=0.161, p=0.030), body sur-
face area (r=0.163, p=0.028), uric acid (r=0.282, 
p = 0 . 0 1 ) ,  c a r o t i d – f e m o r a l  P W V  ( r = 0 . 2 4 3 , 
p=0.001), left atrial volume index (r=0.243, 
p=0.01), and carotid artery intima–media thickness 
(r=0.234, p=0.002). Nocturnal diastolic BP had a 
strong positive correlation with height (r=0.159, 
p=0.032), and smoking (r=0.168, p=0.011), but a 
negative correlation with age (r=0.258, p<0.001), 
and with the peak velocity of the mitral A-wave 
(r=-0.200, p=0.007).

Table 4. Blood pressure (BP) and heart rate data.

 NH NN p

Systolic office BP (mmHg) 147 ± 14 144 ± 13 NS
Diastolic office BP (mmHg) 93 ± 8 92 ± 9 NS
Mean office BP (mmHg) 111.6 ± 9 109.5 ± 8.6 NS
Office pulse pressure (mmHg) 54 ± 12 52 ± 12 NS
Office heart rate (bpm) 71 ± 11 70.7 ± 12 NS
24-hour systolic BP (mmHg) 130 ± 9 122 ± 9 <0.001
24-hour diastolic BP (mmHg) 79.5 ± 10.5 73.5 ± 7.6 <0.001
24-hour mean BP (mmHg) 96 ± 8.5 89.8 ± 7.3 <0.001
24-hour pulse pressure (mmHg) 50.5 ± 11.3 48.6 ± 7.1 NS
24-hour heart rate (bpm) 73.5 ± 8.8 73.9 ± 8.2 NS
Daytime systolic BP (mmHg) 133.8 ± 12.8 126.3 ± 10 <0.001
Daytime diastolic BP (mmHg) 82.5 ± 9 76.7 ± 8.5 <0.001
Daytime mean BP (mmHg) 99 ± 8.4 93 ± 8.3 <0.001
Daytime pulse pressure (mmHg) 51 ± 11.7 49.6 ± 7.5 NS
Daytime heart rate (bpm) 76 ± 9 76 ± 8.5 NS
Night-time systolic BP (mmHg) 123 ± 9.4 108 ± 7 <0.001
Night-time diastolic BP (mmHg) 73.6 ± 7.1 62 ± 5.3 <0.001
Night-time mean BP (mmHg) 90.6 ± 7.7 77.6 ± 5 <0.001
Night-time pulse pressure (mmHg) 49.6 ± 9.8 45.6 ± 6.8 0.002
Night-time heart rate (bpm) 65.6 ± 8.8 63.7 ± 7.3 NS
Night-time drop in systolic BP (%) 7.4 ± 7.8 14.2 ± 6.2 <0.001
Night-time drop in diastolic BP (%) 10.2 ± 8.6 18.2 ± 7.2 <0.001
Night-time drop in mean BP (%) 8.3 ± 8 16.4 ± 6.5 <0.001
Night-time drop in pulse pressure (%) 2 ± 12 7.5 ± 8.5 0.001
Night-time drop in heart rate (%) 13.8 ± 8.2 17 ± 6.7 0.006
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Women (Table 7)

Nocturnal systolic BP had a strong positive correlation 
with salt consumption (r=0.272, p=0.031), uric acid 
(r=0.295, p=0.029), PWV (r=0.310, p=0.015), peak 
velocity of the mitral A-wave (r=0.287, p=0.029), the 
E/Em ratio (r=0.448, p=0.001), and carotid artery in-
tima–media thickness (r=0.326, p=0.013), while hav-
ing a strong negative correlation with exercise levels 
(r=-0.253, p=0.046), peak tissue E-wave velocity (r= 
-0.317, p=0.011), and the tissue Em/Am ratio (r=-0.319, 
p=0.011). In contrast, nocturnal diastolic BP only had a 
negative correlation with age (r=-0.289, p=0.021).

Men (Table 8)

Nocturnal systolic BP had a strong positive corre-
lation with uric acid levels (r=0.223, p=0.34), the 
albumin –creatinine ratio (r=0.364, p=0.032), PWV 
(r=0.224, p=0.016), left atrial volume index (r=0.294, 
p=0.001), and carotid artery intima–media thick-
ness (r=0.202, p=0.035). In contrast, nocturnal dia-
stolic BP had a strong negative correlation with age 
(r=-0.199, p=0.030), blood glucose levels (r=-0.236, 
p=0.018), and peak mitral A-wave velocity (r=-0.243, 
p=0.013), having a strong positive correlation only 
with MDRD creatinine clearance (r=0.203, p=0.042).

Table 5. Correlations between nocturnal blood pressure (BP), office BP and other data from 24-hour monitoring, as well as the inotropic 
response of BP during exercise.

 Nocturnal systolic BP Nocturnal diastolic BP

Systolic office BP r=0.291, p<0.001 NS
Diastolic office BP NS r=0.248, p=0.001
Mean office BP r=0.157, p<0.034 r=0.147, p=0.047
Pulse pressure r=0.335, p<0.001 r=-0.186, p=0.012
24-hour systolic BP r=0.741, p<0.001 r=0.439, p<0.001
24-hour diastolic BP r=0.365, p<0.001 r=0.764, p<0.001
24-hour mean BP r=0.523, p<0.001 r=0.647, p<0.001
24-hour pulse pressure r=0.514, p<0.001 r=-0.250, p=0.001
Daytime systolic BP r=0.589, p<0.001 r=0.369, p<0.001
Daytime diastolic BP r=0.265, p<0.001 r=0.650, p<0.001
Daytime mean BP r=0.418, p<0.001 r=0.597, p<0.001
Daytime pulse pressure r=0.452, p<0.001 r=-0.240.p=0.001
Night-time drop in systolic BP r=-0.583, p<0.001 r=-0.379, p<0.001
Night-time drop in diastolic BP r=-0.472, p<0.001 r=-0.466, p<0.001
Night-time drop in mean BP r=-0.561, p<0.001 r=-0.415, p<0.001
Night-time drop in pulse pressure r=-0.419, p<0.001 NS
Night-time drop in heart rate r=-0.341, p<0.001 NS
Maximum SBP during exercise r=0.490, p<0.001 r=0.323, p=0.027
Maximum DBP during exercise r=0.444, p=0.002 r=0.321, p=0.028

SBP – systolic blood pressure; DBP – diastolic blood pressure.

Table 6. Correlations between nocturnal blood pressure (BP) and demographic, biochemical, echocardiographic, and angiological data for 
the entire patient population.

 Nocturnal systolic BP Nocturnal diastolic BP

Age NS r=-0.258, p<0.001
Height r=0.161, p=0.030 r=0.159, p=0.032
BSA r=0.163, p=0.028 NS
Smoking NS r=0.168, p=0.046
Haemoglobin NS r=0.239, p=0.018
Uric acid r=0.282, p=0.01 r=0.210, p=0.011
Log PWV r=0.243, p=0.001 NS
LAVI r=0.297, p<0.001 NS
Peak mitral A-wave velocity NS r=-0.200, p=0.007
Carotid ΙΜΤ r=0.234, p=0.002 NS

BSA – body surface area; PWV – pulse wave velocity; LAVI – left atrial volume index; IMT – intima–media thickness.
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Discussion

In the total population the nocturnal systolic and 
diastolic BP were not correlated with the diastolic 
and systolic office BP, respectively, but only with the 
mean BP and pulse pressure, and with the 24-hour 
and daytime systolic, diastolic and mean BP, and 
pulse pressure. This finding, taken together with the 
fact that, although the two groups of hypertensive pa-
tients did not differ as regards their office BP levels, 
the NH patients showed significant differences with 
respect to the systolic, diastolic, and mean BP, both 
during the 24-hour monitoring and during the day-
time and night-time hours, underlines the need for a 
more integrated evaluation of BP over a 24-hour peri-
od using ambulatory recording devices. The discovery 
of an inadequate drop in BP during nocturnal sleep 
(non-dipping) automatically increases the patient’s 
risk and, apart from a thorough investigation of pos-
sible secondary causes of hypertension (e.g. sleep ap-
noea), it is likely to necessitate a modification of the 
timing of the patient’s antihypertensive medication. 
A number of studies have concluded that 24-hour BP 

monitoring is a more dependable index of morbidity 
and mortality than are office BP measurements,19 and 
that 24-hour ambulatory BP monitoring is a power-
ful prognostic index of cardiovascular mortality, inde-
pendently of office BP or other prognostic indexes.20

Apart from their constantly elevated BP values, 
the NH patients also exhibited a smaller drop in sys-
tolic, diastolic and mean BP, and pulse pressure dur-
ing nocturnal sleep. The same patients also had a sig-
nificantly smaller drop in heart rate during nocturnal 
sleep, a finding that probably indicates dysfunction 
of the autonomic nervous system. The non-dipping 
of heart rate during nocturnal sleep has been associ-
ated with a 2.5-fold increase in the risk of future car-
diovascular events, independently of the non-dipping 
of nocturnal BP and the 24-hour BP levels.21 A mul-
titude of mechanisms have been implicated for a bet-
ter explanation of the high nocturnal BP values and 
the worse outcome of these patients; these include 
autonomic nervous system dysfunction, baroreceptor 
disturbances, sleep apnoea, nocturnal fluid retention, 
and reduced sodium excretion.22

Also interesting were the strong correlations—in the 

Table 7. Correlations between nocturnal BP and demographic, biochemical, echocardiographic, and angiological data for women.

 Nocturnal systolic BP Nocturnal diastolic BP

Age NS r=-0.289, p=0.021
Salt consumption r=0.272, p=0.031 NS
Exercise r=-0.253, p=0.046 NS
Uric acid r=0.295, p=0.029 NS
PWV r=0.310, p=0.015 NS
Peak mitral A-wave velocity r=0.287, p=0.029 NS
TDI E peak velocity r=-0.317, p=0.011 NS
TDI E/Em r=0.448, p=0.001 NS
TDI Em/Am r=-0.319, p=0.011 NS
Carotid ΙΜΤ r=0.326, p=0.013 NS

Abbreviations as in previous tables.

Table 8. Correlations between nocturnal BP and demographic, biochemical, echocardiographic, and angiological data for men.

 Nocturnal systolic BP Nocturnal diastolic BP

Age NS r=-0.199, p=0.030
Blood glucose NS r=-0.236, p=0.018
GFR MDRD NS r=0.203, p=0.042
Uric acid r=0.223, p=0.034 NS
Log ACR r=0.364, p=0.032 NS
Log PWV r=0.224, p=0.016 NS
LAVI r=0.294, p=0.001 NS
Mean mitral A-wave velocity NS r=-0.243, p=0.013
Log carotid ΙΜΤ r=0.202, p=0.035 NS

Abbreviations as in previous tables.
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total population, as well as in men and women separate-
ly—between nocturnal systolic blood pressure and levels 
of serum uric acid, carotid–femoral PWV, carotid artery 
intima–media thickness, and left atrial volume index.

Ample epidemiological and experimental data 
have led to the conclusion that increased levels of se-
rum uric acid are a significant and independent risk 
factor for cardiovascular and kidney disease, especial-
ly in patients with hypertension, diabetes mellitus, or 
heart failure. In particular, they are highly prognos-
tic for mortality in patients with heart failure or coro-
nary artery disease, and for cardiovascular events in 
patients with diabetes mellitus. In addition, patients 
with hypertension and hyperuricaemia show a 3- to 
5-fold risk of developing coronary artery disease or 
stroke compared to patients with normal uric acid 
levels. Although the mechanisms by which uric acid 
promotes cardiovascular disease are unknown, hyper-
uricaemia is associated with damaging effects on en-
dothelial function, on the metabolism of reactive oxy-
gen species, and on platelet adhesion and coagulation 
mechanisms. Recent studies have found a correlation 
between increased levels of uric acid and a non-dip in 
BP during sleep,23,24 a finding compatible with the re-
sults of our study. In addition, in patients with sleep 
apnoea the secretion of uric acid and the nocturnal 
change in the ratio of serum uric acid to creatinine 
are good indexes for evaluating the effectiveness of 
the use of continuous positive airway pressure.25

Arterial stiffness, expressed either as an increase 
in carotid–femoral pulse wave velocity or as carotid 
artery intima–media thickening, is a common patho-
logical finding in patients who have no dip in noctur-
nal BP,26,27 so combinations of the previous mecha-
nisms are highly likely to promote vascular dysfunc-
tion and to increase arterial stiffness,28 with the sus-
picion that hyperuricaemia could play an important 
role via the mechanisms referred to above.

Furthermore, nocturnal systolic and diastolic BP 
are strongly and positively correlated with peak sys-
tolic BP during exercise. The excessive inotropic re-
sponse during exercise shown by the NH patients is 
an indication of pathological control mechanisms (au-
tonomic nervous system, renin–angiotensin–aldoste-
rone system), which maintain BP at steadily high lev-
els throughout the entire 24 hours, without being af-
fected by physiological circadian variations, and in ad-
dition are unable to modulate peripheral vascular re-
sistances during exercise.21 Indeed, in our study more 
than 60% of the NH patients showed an excessive 
inotropic response during treadmill exercise testing.

The effect of systemic hypertension on left atrial 
dilation has been studied extensively. The correlation 
between high systolic BP or pulse pressure BP and an 
increase in left atrial dimensions has been described 
in many studies, including the Framingham study.29 In 
the present study, the mean nocturnal systolic BP, but 
not the mean daytime systolic BP, was strongly corre-
lated with the left atrial volume index. One pathologi-
cal mechanism that could be implicated is the contin-
uously increased pressure load throughout the entire 
day, and not only during the night, which is an inde-
pendent prognostic factor for left atrial dilation.

A significant new finding of this study is that, in 
men, nocturnal systolic BP, apart from the above-
mentioned correlations, also had a strong positive 
correlation with the albumin–creatinine ratio, an in-
dex of early kidney damage in the setting of hyper-
tension which, in combination with hyperuricaemia, 
causes a worsening of the renal damage. In a large 
study of hypertensive, non-diabetic patients, it was 
found that levels of the albumin–creatinine ratio were 
significantly higher in non-dippers and especially in 
those who showed nocturnal systolic hypertension. 
In women, in contrast, nocturnal diastolic BP has a 
strong negative correlation with age, while nocturnal 
systolic BP has a strong positive correlation with salt 
consumption, peak mitral A-wave velocity, and the 
echocardiographic E/Em ratio, and a strong negative 
correlation with exercise levels, peak tissue Em-wave 
velocity, and the ratio of tissue Em/Am velocities 
from the six basal segments of the left ventricle, all 
indexes of early left ventricular diastolic dysfunction. 
These findings are compatible with those of a study 
by Staessen et al,30 who observed that women who do 
not have a dip in BP during the night have an up to 
10-fold worse prognosis as regards the occurrence of 
cardiovascular events, compared to normotensive and 
hypertensive women with white-coat syndrome.

Conclusions

The main findings of this study are that patients with 
nocturnal hypertension are characterised by an exces-
sive inotropic response during exercise, increased ar-
terial stiffness, and increased serum uric acid levels. 
These findings support the hypothesis that a reduced 
nocturnal dip in BP has an undesirable effect on the 
cardiovascular system and in addition can be a signifi-
cant diagnostic criterion for the therapeutic manage-
ment of these patients. These results are confirmed 
by the strong correlations between nocturnal diastolic 
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and, especially, systolic BP, and subclinical damage in 
the heart, central aorta, peripheral vessels, and renal 
parenchyma, in both women and men.

In everyday clinical practice, the measurement 
of office BP is considered a low reliability examina-
tion—in recent years more than ever. However, based 
on the office BP values we are obliged to take impor-
tant therapeutic decisions about the patient. The in-
formation provided by ambulatory BP monitoring 
provides us with an integrated picture of both the pa-
tient’s real haemodynamic load and the risk of target 
organ damage from the hypertension.
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