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Objective: The aim of the study is to assess 24-hour blood pressure variability, circadian blood pressure profile and its relation to 24-hour 
blood pressure and cardiovascular risk factors in primary hypertension without any associated disease versus associated with a disease such 
as diabetes or chronic kidney disease. Methods: This observational study included 90 hypertensive patients, 49 with primary hypertension 
without associated disease and 41 patients with primary hypertension and diabetes or chronic kidney disease. Circadian blood pressure 
profile and 24-hour variability were assessed using ambulatory monitoring. Laboratory data regarding cardiovascular risk factors and demo-
graphic data were collected in a questionnaire. Results: The number of dipper patients was higher in the group without associated disease, 
but the difference was not statistically significant (p=0.27). In both groups a positive correlation was found between 24-hour systolic blood 
pressure variability and 24-hour systolic blood pressure (p=0.029) and was related to age (p=0.031). In the second group, systolic variability 
showed a positive correlation with serum triglycerides (p=0.006, r=0.416, CI: 0.1252 to 0.6422). Conclusion: Our findings suggest that 
systolic blood pressure variability is related to age, systolic blood pressure values and serum lipid levels. To prevent end organ damage in 
hypertension, the assessment of ambulatory monitoring derived 24-hour systolic blood pressure variability and its reduction may be at least 
as important as blood pressure lowering.
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Introduction
Hypertension is a major cardiovascular risk factor, char-
acterized by short-term fluctuations over 24-hour period 
[1]. In healthy subjects blood pressure (BP) displays a cir-
cadian pattern, with a nocturnal fall > 10 % compared to 
daytime values, known also as dipping phenomenon. This 
pattern can be blunted in several metabolic and cardiovas-
cular changes and also in secondary forms of hypertension 
[2]. It is well known that the incidence of cardiovascular 
events such as stroke or myocardial infarction is increased 
between 6 and 9 am as a result of increased morning blood 
pressure surge [3]. The consequences of hypertension de-
pend not only on casual BP measurements, but also on 
BP variability [1]. Therefore, to optimize blood pressure 
management, to assess circadian blood pressure profile, BP 
variability as well as abnormal nocturnal BP fall and exces-
sive morning surge, the use of 24-hour ambulatory blood 
pressure monitoring (ABPM) is of crucial importance. 
Excessive BP fluctuations occurring over 24-hour period 
have been associated with subclinical target organ damage 
[4,5]. The latest studies reveal that BP variability lowering 
over 24-hour is at least as important as BP lowering [6,7]. 
Therefore, the new Guidelines for the management of arte-

rial hypertension added to the diagnostic evaluation of the 
hypertensive patients the assessment of blood pressure var-
iability [8]. Different methods are used to determine short- 
term (within 24-hour) BP variability [1]. In our study we 
aimed to determine blood pressure variability using a re-
cently proposed index, the average real variability (ARV), 
which allows a more accurate assessment of the circadian 
BP profile than the commonly used standard deviation [9]. 
The aim of the study is to assess 24-hour blood pressure 
variability, morning BP surge and its relation to 24-hour 
blood pressure, and cardiovascular risk factors in primary 
hypertension without associated disease versus associated 
with a disease such as diabetes or chronic kidney disease.

Methods
This observational study included 90 hypertensive patients, 
who were admitted to County Hospital- Department of 
Internal Medicine IV, Tîrgu-Mureş, between 2012-2014.  
All subjects gave written informed consent, and the study 
was approved by local Ethical Committee according to 
the International Ethical Guidelines and Declaration of 
Helsinki. Patients were divided in two groups: group 1 
included 49 patients with primary hypertension without 
associated disease, group 2 included 41 patients with pri-
mary hypertension and diabetes or chronic kidney disease. 
All patients have history of hypertension, office blood pres-
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sure > 140/90 mmHg. Inclusion criteria were: history of 
hypertension, ABPM criteria: mean BP > 130/80 mmHg, 
diabetes mellitus type 2, chronic kidney disease.  Pregnant 
women, patients with type 1 diabetes mellitus, angina pec-
toris, congestive heart failure, arrhythmias, significant val-
vular disease were excluded from the study.To assess circa-
dian blood pressure profile, 24-hour ABPM measurement 
was performed with a validated device (Meditech, ABPM 
05). The daily monitoring begun between 8:00-10:00 
a.m. Blood pressure was measured automatically every 15 
minutes at daytime (06:00-21:59) and nighttime (22:00-
05:59). Blood pressure data (awake, asleep and 24-hour 
mean BP, awake/asleep ratio, pulse pressure, BP surge) 
were edited automatically. Criteria for valid measurements 
were: at least 48 blood pressure values, successful measure-
ment ratio >70%. Blood pressure variability was calculated 
according to the formula of average real variability with a 
computerized program [10].

Laboratory data reflecting cardiovascular risk factors 
(total cholesterol, triglycerides, blood sugar, glomerular fil-
tration rate (appreciated by Modification of Diet in Renal 
Disease) as well as demographic data were included in a 
questionnaire. 

Data were collected as raw data, using MS Excel pro-
gram, and statistical analysis were performed by Graph Pad 
Prism version 6 statistical software. Numerical data are rep-
resented as mean±SD. Means were compared using t-test 
for continuous variables and Chi-square test for categorical 
variables. Correlations were calculated with Pearson’s cor-
relation test for data representing Gaussian distribution. A 
p value ≤ 0.05 was considered statistically significant with 
a confidence interval was set at 95%.

Results
In the first group 49 patients (19 male, 30 female, mean 
age 61.92 ± 1.77 years) with essential hypertension were 
included, while in the second group (with essential hyper-
tension and associated disease) 41 patients (19 male, 22 
female, mean age 61.63 ± 1.95 years, p>0.05). Although 
in the first group 40,81% and in the second group only 
29,26%, of the patients were dippers, this difference was 
not statistically significant (p=0.27), as shown in Figure 
1. We found no differences between the groups regard-
ing mean systolic/diastolic blood pressure, blood pressure 
variability, body mass index, total cholesterol, triglycer-
ides, glomerular filtration rate (p>0.05). Morning blood 
pressure surge displays statistically significant difference 
between the groups, with much higher values in the sec-
ond group, which associated diabetes or chronic kidney 
disease (p=0.012), Figure 2. In both groups we found 
a positive correlation between 24-hour systolic blood 
pressure variability and 24-hour systolic blood pressure 
(p=0.029, r=0.3120, CI: 0.03369 to 0.5454 in group 1, 
versus p=0.01, r=0.397, CI: 0.1018 to 0.6281 in group 2) 
(Figure 3). Correlation between 24-hour diastolic blood 
pressure variability and 24-hour diastolic blood pressure 

was found only in the group with essential hypertension 
without associated disease (p=0.011, r=0.3601, CI: 0.8774 
to 0.5824). In the group with associated disease no cor-
relation was found regarding diastolic blood pressure vari-
ability and mean blood pressure values. In group 1, mean 
systolic variability was positively correlated to serum total 
cholesterol (p=0.006, r=0.3824, CI: 0.1133 to 0.5992). 
In group 2, mean systolic variability showed positive cor-
relation with serum triglycerides (p=0.006, r=0.416, CI: 
0.1252 to 0.6422). No correlation was found between 
morning blood pressure surge and 24-hour systolic/dias-
tolic blood pressure variability (p>0.05). In both of the 
groups we found relationship between the 24-hour systolic 
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Fig. 1. Dippers/non-dippers in the study group

Fig. 2. Differences in morning surge between the groups

Fig. 3. Correlation between 24-hour systolic BP variability and 
systolic blood pressure in the group with associated disease
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blood pressure variability and age (p=0.031, r=0.3071, CI: 
0.02832 to 0.5416 in group 1, versus p=0.016, r=0.3722, 
CI: 0.07285 to 0.6101 in group 2), Figure 4. In the group 
with hypertension and associated disease, mean diastolic 
blood pressure variability was associated with body mass 
index (p=0.023, r=0.3536, CI: 0.005147 to 0.05964). 

Discussion
So far, beside the lowering of mean systolic/diastolic BP 
values, achievement of a dipper profile was required to pre-
vent cardiovascular complications of hypertension. Recent 
studies encourage assessment and lowering of the exces-
sive blood pressure fluctuations occurring over 24- hour 
[1,11,12] in order to prevent end organ damage and car-
diovascular complications. According to other studies, 
we found that in patients with essential hypertension as-
sociating diabetes or chronic kidney disease, non-dipper 
profile is more common, compared to subjects without 
associated disease [13]. Although the difference between 
the groups was not statistically significant, attention must 
be paid to normalize the dipper profile in order to prevent 
further decline in renal function. We found that patients 
with higher cardiovascular risk, presenting associated dia-
betes or kidney disease have greater morning blood pres-
sure surge, which is considered a marker of cardiovascular 
events. These patients should benefit from a more rigorous 
hypertension management in order to reduce cardiovascu-
lar mortality [14]. In essential hypertension the 24-hour 
systolic/diastolic blood pressure variability correlates with 
mean systolic/diastolic blood pressure. In the first group, 
systolic variability was associated with total serum cho-
lesterol. In the second group diastolic variability showed 
relationship with body mass index. In both groups, mean 
systolic variability was increased with age. According to 
other studies, our findings suggest that systolic blood pres-
sure variability is associated with other cardiovascular risk 
factors like hypertension, age, serum total cholesterol [11]. 
The novelty of the present study consists in the use of the 
ambulatory monitoring derived short-term blood pressure 
variability determined by a new variability index. Most 
articles investigating the role of blood pressure variabil-
ity in the management of hypertension, focus on visit-to 
visit variability, which may be not so accurate to appreciate 
long- term prognosis, because it may not reflect circadian 
blood pressure variation (11, 15, 16). 

Conclusion
In order to improve management of hypertension, am-
bulatory monitoring of blood pressure plays a crucial role 
in term of correct diagnosis. Blood pressure variability is 
related to age, systolic blood pressure values and serum 
cholesterol levels. To reduce cardiovascular risk in hyper-
tensive patients, dipper patterns need to be achieved, ex-

cessive morning blood pressure surge should be decreased 
and excessive blood pressure variability should be avoided. 

To prevent end organ damage in hypertension, the as-
sessment of ambulatory monitoring derived 24-hour sys-
tolic blood pressure variability and its reduction may be at 
least as important as blood pressure lowering. Evaluation 
of blood pressure variability could have an additive value 
in determining individual cardiovascular risk stratifica-
tion. Further studies have to be conducted to identify drug 
classes which efficiently reduce short-term variability and 
normalize dipper pattern.
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