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Abstract

Background. Arterial hypertension (AH) affects 31% of Polish adult population. However, proper evaluation of 
blood pressure (BP) is compromised by the phenomenon of its variability. The purpose of the study was to assess the 
variability of subsequent BP measurements and to define its determining factors.
Material and methods. Data were collected among volunteers during World Hypertension Day 2017 in Kraków. 
Information about socio-demographic status, cardiovascular risk factors and concomitant diseases were obtained 
with use of standardized questionnaires. Systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate 
were measured thrice. The differences between consecutive measurements were analysed.
Results. The study included 419 participants (age 48.7 ± 19.6 years; 56.1% females). The first SBP and DBP meas-
urements were significantly higher than the second and the third one. 
In multiple regression analysis — age, first BP value and sex were significantly related with BP variability. Elevated 
BP among subjects without previous history of AH was detected in 119 participants (diagnosis based on the 1st BP 
reading) and in 79 when diagnosis was based on the average of the 2nd and 3rd measurements.
Conclusions. Consecutive BP measurements are highly variable. These differences are gender-related and the extend 
of BP decline is determined significantly by the first BP value. Correct measurement and interpretation of the BP is 
essential in the diagnosis and management of AH. The combination of the 2nd and 3rd reading seems to be favour-
able over single reading; therefore, multiple BP measurements should be recommended even in screening actions.
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Introduction 
Arterial hypertension (AH) is one of the main risk 
factors of cardiovascular diseases and one of the 
most important health and social problems [1]. Of-

fice blood pressure (BP) remains in strong and direct 
linear relationship with the prevalence of cardiovas-
cular events such as myocardial infarction, stroke, 
sudden death and heart failure [2]. In Poland the 
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prevalence of AH is estimated at around 32% of 
adults. Based on the results of the NATPOL 2011 
and PolSenior trials, it can be estimated that the 
number of adults aged 18–79 years with AH in 
Poland is around 9.8 million, while the number 
of hypertensives over 80 years is around 1 million 
[3]. Hypertension is predominantly an asympto-
matic condition that is best detected by structured 
population screening programmes or opportunistic 
measurement of BP. When structured population 
screening programmes have been undertaken, an 
alarming number of subjects (> 50%) were unaware 
they had hypertension. According to 2018 ESH/
ESC guidelines for the management of arterial hy-
pertension, AH is defined as systolic blood pressure 
(SBP) ≥ 140 mm Hg and/or diastolic blood pres-
sure (DBP) ≥ 90 mm Hg during repeated office BP 
measurements. Nevertheless, the diagnosis of AH 
may be also confirmed using ambulatory blood pres-
sure monitoring (ABPM) or home blood pressure 
measurements (HBPM) [4]. As arterial pressure un-
dergoes precise regulations by neural and hormonal 
influences with detectable beat-to-beat differences, 
the phenomenon of its variability is inexorable and 
relentless. As a result, BP measurements obtained 
from subsequent readings may be highly variable. 
The phenomenon of BP variability can be observed 
during the usual procedure of subsequent BP evalua-
tions. It is strongly connected with the alert reaction 
to the doctor’s visit or procedure of BP measurement 
itself [5]. Considering the important clinical and 
epidemiological implications of variations in meas-
ured BP, it should be underlined that described phe-
nomenon could lead to variable diagnosis and bias 
in BP estimates and hypertension frequencies from 
epidemiological studies. Schulze at al. showed that 
the number of BP readings determines hypertension 
prevalence estimates [6]. 

The purpose of our study was to assess the extent 
of blood pressure variability in the subsequent mea-
surements performed during screening action and to 
define its determining factors. 

Material and methods 
Data were collected among 419 volunteers during 
World Hypertension Day 2017 — a campaign pro-
moting knowledge about arterial hypertension in 
the general population. The main inclusion criterion 
was the age equal or above 18. There were no specific 
exclusion criteria. An informed voluntary consent 
to take part in the study was given by all of the par-
ticipants.

The socio-demographic information was collected 
by face-to-face interviews using standardized ques-
tionnaires. The questionnaire comprised 14 closed- 
and open-ended questions. The first part contained 
information about age, sex, ethnicity, use of antihy-
pertensive drugs, presence of pregnancy, history of 
diabetes and myocardial infarction or stroke in the 
past. The second part referred to frequency of alcohol 
consumption (never or rarely, less than once a week 
and regularly), cigarette smoking as well as informa-
tion about height and body mass. Body mass index 
(BMI) was calculated as body weight in kilograms 
divided by the square of body height in meters (val-
ues declared by participants). The overweight was 
defined as BMI ≥ 25 and < 30 kg/m2 and obesity as 
BMI ≥ 30 kg/m2.

Measurements of SBP, DBP and heart rate were 
performed after collecting the questionnaire. All 
readings were measured in the sitting position, fol-
lowing standards of BP measurements. BP was mea-
sured in both arms and repeated twice on the arm 
on which first BP value was higher with 1–2 minute 
intervals between. All measurements were performed 
with the use of validated automated oscillometric 
monitor [Microlife BP A6 PC (BP3GU1-8Y)]. Mean 
SBP and DBP were calculated using three consecu-
tive measurements. Elevated BP was defined as SBP 
≥ 140 mm Hg and/or DBP ≥ 90 mm Hg in any one 
of the three readings.

Statistical analysis 
Data management and statistical analysis was 

performed with the use of Statistica 12.0 software 
(StatSoft, Statistica 12.0, Tulsa, Oklahoma, USA). 
Qualitative data were presented as values and per-
centages and quantitative data as values with the 
standard deviation. The Spearman’s correlation and 
Student’s t-test were used to evaluate the compari-
sons of quantitative data. For all tests, the p value 
< 0.05 was considered statistically significant. Mul-
tiple regression models were performed in order to 
determine the predictor variables that were statisti-
cally significant.

Results
The study group included 419 participants, 235 
women (56.1%) and 184 men (43.9%). The mean 
age of subjects included in the study was 48.7 ± 
19.6 years. The average BMI of the study group was 
2.1 ± 4.5 kg/m2. One hundred thirty participants 
(31%) were overweight and 53 (12.6%) were obese. 
The use of antihypertensive drugs was reported by 
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124 (29.6%) and diagnosed diabetes mellitus by 26 
(6.2%) volunteers. The past history of myocardial in-
farction was present in 12 (2.9%) subjects and stoke 
in 6 (1.4%). There were 55 (13.1%) current smokers 
in the population under the study. 

Seventy-two participants (17.2%) reported 
consuming alcohol regularly, while 183 (43.7%) 
consumed alcohol less than once a week and 153 
(36.5%) never or rarely. 

Differences in BP and HR values between males 
and females and differences dependent on the anti-
hypertensive medication use, cigarette smoking, al-

cohol consumption and other factors are presented 
in Table I. Higher BP values were observed in males, 
subjects using antihypertensive medications, individ-
uals with overweight or obesity and those reporting 
regular alcohol consumption.

Mean SBP values were positively correlated with 
the age of the participants (Fig. 1). Similarly, mean 
SBP and DBP correlated with BMI level (Fig. 2). 

Values of SBP, DBP and HR in consecutive mea-
surements are presented in Figure 3. SBP and DBP 
values decreased significantly from the first to the 
third reading. The first SBP measurement was sig-

Table I. The socio-demographic data and the values of SBP, DBP and HR (data are presented as means ± standard deviation)

Gender
p

Women (n = 235) Men (n = 184)

SBP1 127.3 ± 19.5 139.1 ± 16.6 < 0.00001

DBP1 77.2 ± 9.3 81.8 ± 11.4 < 0.01

HR1 78.3 ± 12.1 76.7 ± 12.7 0.18

Antihypertensive drug use
p

Yes (n=124) No (n = 295)

SBP 142.3 ± 20.4 128.4 ± 17.0 < 0.001

DBP 81.3 ± 10.9 78.3 ± 10.3 0.01

HR 73.2 ±10.5 79.4 ± 12.7 0.001

Diabetes mellitus
p

Yes (n = 26) No (n = 393)

SBP 136.8 ± 17.0 132.2 ± 19.3 0.24

DBP 75.6 ± 10.1 79.4 ± 10.5 0.07

HR 76.5 ± 12.4 77.6 ± 11.8 0.67

Cigarette smoking
p

Yes (n = 55) No (n = 364)

SBP 132.2 ± 18.7 132.5 ± 19.2 0.89

DBP 78.6 ± 10.4 79.3 ± 10.6 0.68

HR 82.9 ± 14.3 76.8 ± 11.9 < 0.001

Obesity
p

Yes (n = 53) No (n = 366)

SBP 143.3 ± 17.7 130.7 ± 18.8 < 0.001

DBP 82.4 ± 12.4 78.6 ± 10.1 0.01

HR 79.7 ± 12.6 77.0 ± 11.2 0.14

Overweight
p

Yes (n = 130) No (n = 289)

SBP 136.9 ± 18.5 130.2 ± 19.5 < 0.001

DBP 77.6 ± 10.0 82.2 ± 10.8 < 0.001

HR 78.8 ± 10.1 78.2 ± 10.8 0.59

Alcohol consumption
p

Never or rarely (n = 183) Less than once a week (n = 153)

SBP 134.1 ± 20.8 128.9 ± 17.3 0.02
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nificantly higher than the second one (136.4 ± 20.0 
vs. 13.1 ± 21.0; p < 0.00001) and the third one 
(136.4 ± 20.0 vs. 129.9 ± 1.3; p < 0.00001) with the 
largest decline from the first to the second. The first 

DBP was also significantly higher than the second 
one (81.1 ± 11.3 vs. 78.8 ± 10.9; p < 0.0001) and the 
third one (8.1 ± 11.3 vs. 78.1 ± 11.0; p < 0.0001). 
BP declines were more marked for SBP than for 

Table I. The socio-demographic data and the values of SBP, DBP and HR (data are presented as means ± standard deviation)

Alcohol consumption
p

Never or rarely (n = 183) Regularly (n = 72)

DBP 78.8 ± 10.1 81.9 ± 10.3 0.02

Alcohol consumption
p

Less than once a week (n = 153) Regularly (n = 72)

SBP 128.9 ± 17.3 136.1 ± 18.1 < 0.01

DBP 78.2 ± 10.8 81.9 ± 10.3 0.03

Myocardial infarction in the past
p

Yes (n = 12) No (n = 407)

SBP 137.1 ± 14.8 132.3 ± 19.3 0.39

DBP 76.2 ± 8.5 79.2 ± 10.5 0.34

HR 76.0 ± 12.2 77.5 ± 14.7 0.68

Stroke in the past
p

Yes (n = 6) No (n = 413)

SBP 137.1 ± 11.7 132.4 ± 19.3 0.55

DBP 75.5 ± 7.4 79.1 ± 10.5 0.39

HR 77.4 ± 9.9 77.5 ± 12.3 0.99
1The average value of three consecutive measurements; SBP — systolic blood pressure (mm Hg); DBP — diastolic blood pressure (mm Hg); HR — heart rate (beats/min)

Pearson R = 0.441

p < 0.0001
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Figure 1. Correlation between mean systolic blood pressure (SBP) and age
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DBP. Differences between HR measurements were 
statistically significant only between the first and the 
third reading.

To evaluate factors determining SBP differences 
between consecutive measurements, multiple re-
gression analysis was performed. The regression 
model included age, first SBP reading, sex, BMI, 

antihypertensive drug use, alcohol consumption, 
cigarette smoking and diabetes. In our analysis 
only age (b = 0.088; p = 0.006), first SBP value 
(b  =  –0.267; p < 0.0001) and sex (b = 2.90588; 
p = 0.006) remained in the model, significantly de-
termining BP decline in consecutive measurements 
(Table II). The first SBP value was the strongest 

Pearson R = 0.354

p < 0.0001
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Figure 2. Correlation between mean systolic blood pressure (SBP) and BMI (A) and between mean diastolic blood pressure (DBP) and BMI (B)
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predictor of BP variability. BP declines were greater 
in younger participants, those with higher first SBP 
value and in women.

Elevated BP (SBP ≥ 140 mm Hg and/or DBP ≥ 90 
mm Hg) among all volunteers was detected in 188 
subjects (44.9%) when the diagnosis was based on the 
first reading, in 148 (35.3%) when using the mean 
value of three measurements, in 156 (37.2%) — using 
the mean value of the first and the second reading and 
in 138 (32.9%) — using the mean value of the second 
and the third reading. Moreover, among volunteers 
without previous history of AH elevated BP was de-
tected in 119 participants (diagnosis based on the first 
BP reading), in 88 subjects (based on the average of 
three measurements), in 92 (based on average of the 
first and second reading) and in 79 (based on average 
of the second and third reading).

Discussion
Our analysis showed that, in consecutive measure-
ments, BP is characterized by high degree of vari-
ability with noticeable decline from the first to the 
last reading. The phenomenon of BP changes in 
several measurements was already documented in the 
literature; however, its determining factors are not 
well understood. 

Our observations are in line with data by Wi-
etlisbach et al. who reported that the average value 
of BP in the second reading was lower than in the 
first one by 3.2 mm Hg for SBP and 1.1 mm Hg for 
DBP [7]. Mo et al. reported even higher differences 
in SBP and DBP between the first and third reading 
(10 mm Hg for SBP and 3 mm Hg for DBP) [8]. In 
other studies, differences in consecutive BP readings 
were also described, but they were significant only 
for SBP [10, 11]. 

Table II. Factors determining SBP decline between consecutive 
measurements — results of the multiple regression analysis.  
Regression coefficient R = 0.44. Adjusted R2 = 0.19

b SE p-value

Age 0.09 0.03 < 0.01

Female sex 2.91 1.06 < 0.01

First SBP –0.27 0.03 < 0.001

BMI 0.19 0.12 0.10

Antihyperten-
sive drugs 2.56 1.31 0.05

Alcohol con-
sumption 1.17 0.69 0.09

Cigarettes 
smoking 0.05 1.49 0.97

Diabetes –0.03 2.14 0.99
SBP — systolic blood pressure; BMI — body mass index; b — regression coefficient; SE — standard 
error

Figure 3. A. Systolic blood pressure (SBP); B. Diastolic blood 
pressure (DBP); C. Heart rate (HR). Differences between consecuti-
ve measurements
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BP variability in our analysis was strongly deter-
mined by the first SBP value. Similar results come 
from the data by Schulze et al. [6]. In his study, 
SBP and DBP levels were the strongest predictors 
of BP decline between consecutive measurements 
explaining 13–14% of SBP- and 8–9% of DBP-
differences [6].

In our analysis BP declines were greater in women 
compared with men. In the literature, data about the 
sex influence on BP variability are disparate. In the 
study by Schulze et al., SBP declines were comparable 
for men and women, but DBP declines were more 
pronounced in women [6]. The phenomenon of white 
coat effect, sharing the same pathophysiological mech-
anism as BP variability in consecutive BP measure-
ments, has known higher prevalence in women than 
in men, what is in line with our observation [12]. On 
the other hand, slightly higher DBP declines in men 
compared to women were reported by Loo et al. [9] 
while Wietlisbach et al. did not observe changes in the 
extent of BP reduction between sexes [7]. 

Our analysis showed significant relationship 
between age and BP variability. We noticed that 
younger participants had greater BP changes between 
consecutive measurements. In contrary, Schulze et 
al. showed that BP variability increases with age [6] 
while Wietlisbach et al. did not observe differences 
in BP decline between subjects from different age 
groups [7]. The higher BP variability in elderly was 
detected in the Finn-Home study [13]. Interesting 
data come from the study by Veloudi et al., in which 
interaction between baseline BP value and age were 
the strongest predictors of BP changes. The interac-
tion between age and the first SBP level resulted in 
younger individuals with higher SBP having greater 
changes from the first reading to the second one, 
than older individuals with comparable SBP [14]. 
Modesti et al. showed that differences in BP values 
obtained during two separate home visits were more 
significant in younger (< 30 years) than older par-
ticipants [15]. 

These findings underline the need for the special 
attention which must be paid to the number of BP 
measurements in diagnostic evaluation, particularly 
in young individuals.

In our study the number of BP readings had the 
impact on the potential diagnosis of arterial hyper-
tension. This problem was highlighted by several 
other studies. Schulze et al. also showed that the BP 
decline leads to different estimates of elevated BP if 
they are based on different readings or their combi-
nations. In this study the first measurement resulted 
into 9 ± 11%-points higher prevalence estimates of 
hypertension/borderline hypertension compared to 

the second or third reading. The combination of the 
second and the third reading provided the lowest 
prevalence estimates, like in our analysis. Moreover, 
the analysis of data obtained in the National Health 
and Nutrition Examination Surveys 1999–2008 
showed also the impact of the number of BP meas-
urement on BP classification [16]. 

These results create a ground for discussion about 
home blood pressure measurements (HBPM) and 24-
hour ambulatory blood pressure monitoring (ABPM) 
which seems to be necessary to assess actual BP values. 
HBPM is an effective option for management of AH 
and may eliminate an alerting reaction which occurs 
in a clinical environment. It is also a better predic-
tor of cardiovascular outcomes compared to standard 
office BP measurements [17]. Another valuable tool 
in daytime as well as night time BP readings and as-
sessing BP changes is ABPM [18]. The 2018 ESH/
ESC guidelines for the management of AH recom-
mend the use of out-of-office BP measurements as 
an alternative strategy to repeated office BP measure-
ments to confirm the diagnosis of hypertension and 
underline that these tools can also provide impor-
tant additional clinical information [4]. 24-hour BP 
variability presents a positive relationship with organ 
damage [19] and cardiovascular morbidity. Not only 
24-hour BP variability is connected with clinical im-
plications but also variability during subsequent BP 
measurements. In the Dallas Heart Study a transient 
BP elevation during first measurement (known as an 
alerting reaction) was independently associated with 
renal injury, increased left ventricular hypertrophy 
and adverse cardiovascular events [20]. 

Current guidelines underline that parameters of 
BP variability may provide useful and additional 
information in some circumstances and are valuable 
tools for research [4].

Hypertension being usually asymptomatic condi-
tion and having high prevalence needs to be actively 
screened for. Following current guidelines, screening 
programmes should be established to ensure that 
BP is measured in all adults at least every 5 years 
and more frequently in people with a high-normal 
BP. When hypertension is suspected because of an 
elevated screening BP, the diagnosis should be con-
firmed either by repeated office BP measurements 
over a number of visits or by out-of-office BP mea-
surement using 24-hour ABPM or HBPM.

Conclusions
Correct measurement and interpretation of the BP 
is essential in the diagnosis and management of AH.
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Multiple BP reading should be routinely performed 
in the process of BP evaluation even in screening 
actions and initiatives. The combination of the 2nd 
and 3rd measurements seems to be superior to single 
reading. When hypertension is suspected because of 
an elevated screening BP, the diagnosis should be con-
firmed either by repeated office BP measurements over 
a number of visits or by out-of-office BP measurement 
using 24-hour ABPM or HBPM.

BP variability is strongly determined by baseline 
SBP value, sex and age.
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