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Summary 
  
Study aim: To examine the differences between the second and first measurements of blood pressure and to show the 
necessity of designing a standardised protocol. 
Material and methods: Anthropometric data of 1618 children were assessed. Blood pressure and heart rate values
were determined twice after 5-min sitting with a sphygmomanometer (Omron M5-I, Germany). The differences be-
tween the second and first measurements were assessed using Student’s t-test. 
Results: A group of 921 boys and 697 were studied. Mean systolic blood pressures in the first and second measure-
ments were 124.9 ± 15.7 and 121.4 ± 14.9 mm Hg, respectively, mean diastolic blood pressures – 78.0 ± 13.6 and 
76.0 ± 12.4 mm Hg, respectively, the between-measurement differences being highly significant (p<0.001). No sig-
nificant differences were noted for the heart rate. The prevalence of hypertension assessed from the first and second 
measurement was 23.9 and 4.4 %, respectively.  
Conclusion: The results point to the indispensability of designing a valid, standardised protocol of conducting blood
pressure measurements in paediatric epidemiological studies. 
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Introduction 
 

The importance of blood pressure measurements al-
ready in childhood and adolescence, as a key factor in 
the diagnostics of hypertension, is undisputed [17] but 
no common consensus exists as to the measuring meth-
odology, and especially the frequency and time intervals 
between the measurements, considering the diverse blood 
pressure reference values in children and adolescents 
[8,9,17].  

Several international studies were devoted to repeated 
blood pressure measurements. Sorof et al. [22] showed 
that the prevalence of hypertension among school-aged 
children decreased from the first to the third screening 
from 19.4 to 4.5 %. Adrogué and Sinaiko [1] observed a 
decrease of systolic hypertension from 2.7 to 0.8% be-
tween the first and second screenings. In addition to these 
findings, the prevalence of hypertension from the first to 
the second blood pressure measurements was reported 
to vary by 11.7% (cf. [4]). 

Children with hypertension are very likely to be re-
garded as hypertensive adults [10]. Hypertension is an 
important and independent predictor of cardiovascular 
risk and ranks under the prominent causes for morbidity 
and mortality world-wide in the adult age [13]; it has 
become clear that also childhood hypertension could 
contribute to an early development of atherosclerosis and 
other cardiovascular diseases [5]. Multiple studies showed 
a correlation between the relative blood pressure in chil-
dren and adolescents, and that in adults [2,12,14]. 

In the national and international guidelines, routine 
blood pressure measurements are recommended within 
the preventive medical examinations in children, as an 
early recognition of increased blood pressure may prompt 
appropriate changes in the health-related behaviour as 
early as possible and possibly introduce the necessary 
treatment measures; the diagnosis of hypertension de-
pends on accurate blood pressure measurements [17,23]. 
The aim of this study was thus to examine the difference 
between two consecutive blood pressure measurements. 
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Material and Methods 
 

Subjects: A group of 1618 schoolchildren (921 boys 
and 697 girls) aged 10 – 18 years, from 5 randomised 
clusters of secondary schools in the Rhineland-Westphalia 
region (Germany) were studied. 

Methods: Body height and mass were measured by 
the same investigator throughout the study using a free-
standing seca-stadiometer, 0.5 kg being deducted for the 
light clothing. The BMI was computed and classified ac-
cording to the German percentile graphs [11]. Systolic 
and diastolic blood pressures and heart rate were meas-
ured on the left arm by trained investigators using a 
sphygmomanometer (Omron M5-I, Germany) recom-
mended by the European Society of Hypertension [19]. 
After a 5-min rest in sitting position with the device on 
the arm, two measurements were taken 5 min apart. The 
size of the cuff was adjusted to the circumference of the 
arm as recommended by Rascher [20].  

The definition of hypertension was based on the nor-
mative distribution of blood pressure in healthy children 
of 6 European countries [6] classified by gender, age 
and body height. Hypertension was defined as the mean 

blood pressure equal to or above the 95th percentile for 
age, gender and height. 

Data analysis: The gender-related differences in 
blood pressure (systolic, SBP and diastolic, DBP) and 
heart rate (HR) were assessed by Student’s t-test for in-
dependent data and the individual differences between 
the first and second measurements by the t-test for de-
pendent data. Two-way ANOVA (age×measurement) 
with the post-hoc Student’s t-test was used to compare 
mean values for age categories. Chi-square test was used 
to compare the predicted prevalence of hypertension 
(PHT), the level of p≤0.05 being considered significant 
in all cases. The analyses were performed with the use 
of the SPSS 16.0 software.  
 
Results 
 

Mean values (±SD) and ranges of body height and 
mass and of BMI are shown in Table 1 and those of blood 
pressure, heart rate and the predicted prevalence of hyper-
tension in Table 2. According to the National BMI norms, 
4.6% of all subjects were classified as underweight, 14.8% 
as overweight, and 14.8% as obese. No significant gen-
der-related differences were found for age or BMI. 

 
Table 1. Mean values (±SD and ranges) of anthropometric data in boys and girls aged 10 – 18 years 
 

 Boys (n = 921) Girls (n = 697) 
Age (years) 14.2 ± 1.7 (10.5 – 17.9) 14.1 ± 1.8 (10.0 – 17.9) 
Body height (cm) 165.4 ± 11.8 (134 – 194) 159.5 ±  8.6 (130 – 182) 
Body mass (kg) 60.8 ± 16.3 (26.7 – 132.0) 56.7 ± 14.7 (24.5 – 140.0) 
BMI 21.9 ± 4.5 (13.2 – 48.7) 22.1 ± 4.7 (13.3 – 49.6) 

 
Table 2. Mean values (±SD) of the systolic (SBP) and diastolic (DBP) blood pressure, heart rate (HR) and the pre-
dicted prevalence of hypertension (PHT) in two measurements, 5 min apart, performed in schoolchildren aged 10 – 
18 years 
 

 Boys (n = 921) Girls (n = 697) 
Measurement 1st 2nd 1st 2nd 

SBP (mm Hg) 126.7 ± 16.1 123.0 ± 15.2*** 122.6 ± 14.8 ººº 119.3 ± 14.2*** ººº 
DBP (mm Hg) 79.6 ± 14.1 76.3 ± 13.0*** 78.1 ± 12.8 º 75.6 ± 11.6*** 
HR (bpm) 85.2 ± 15.2 85.5 ± 14.7 88.4 ± 15.3 ººº 88.7 ± 15.1 ººº 
PHT (%) 23.5 0.0*** 24.4 10.3*** ººº 

 
Significantly different from the first measurement (by t-test for dependent data): *** p<0.001; Significantly different from the 
respective value in boys (by t-test for independent data): º p<0.05; ººº p<0.001; Significances of the PHT data assessed by the 
chi-square test  

 
Mean differences between the second and first blood 

pressure measurements ranged from 2.5 to 3.7 mm Hg 
(2.9 – 4.1%). Girls attained significantly lower values in 
SBP in both measurements (by about 4 mm Hg or 3.1%; 

p<0.001) and in DBP only in the first measurement (by 
1.5 mm Hg or 1.9%; p<0.05). Conversely, girls attained 
significantly (p<0.001) higher heart rates in both meas-
urements (by nearly 3.5 bpm or 4%). The prevalence of  
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hypertension predicted from the first measurement was 
in boys and girls alike and amounted to about 24%, and 
markedly decreased in the second measurement – to zero 
in boys and to 10.3% in girls (p<0.001) as shown in 
Table 2. The relations of the systolic and diastolic blood 
pressure to age showed a progressive increase (p<0.001) 
the between-measurement differences being signifi-
cantly lower in every age category (Fig. 1) 

Fig. 1. Mean values of the systolic (SBP) and diastolic 
(DBP) blood pressures versus age in schoolchildren 
aged 10 – 18 years (n = 1618) 

 
Discussion 
 

In epidemiological studies, blood pressure values are 
frequently described in relation to several screenings or 
visits [1,22]. Our objective was to present the impact of 
the second blood pressure measurement following a de-
fined break during a single visit.  

On the whole, the systolic blood pressure in the sec-
ond measurement was by about 3.5 mm Hg lower than 
in the first one 5 min earlier throughout the age range, 
and the diastolic one by about 2.9 mm Hg (p<0.001). In 
effect, false positive blood pressure values were reduced 
from 23.9 to 4.4 %, respectively. Similar results were 
reported by Sorof et al. [22] who showed the prevalence 
of hypertension decreasing from 19.4 to 4.5% between 
the first and third screenings among school-aged children 
and by McNiece et al. [15] who observed a decrease of 
hypertension from 9.4 to 3.2% between the first and third 
screenings. In those studies, the time interval between 
screenings was as high as several weeks, in contrast to 
our measurements spaced by 5 min. According to the 
Fourth Report published by the National High Blood 

Pressure Education Program (NHBPEP) [17], the hyper-
tension in children is defined as average systolic and/or 
diastolic blood pressure equal to or exceeding the 95th 
percentile for sex, age, and height on three or more oc-
casions. Gillman and Cook [8] recommended that at least 
3 measurements should be made in epidemiological 
studies on at least two separate visits as they found blood 
pressure significantly decreasing at subsequent visits. In 
the present study, the decision to make one visit and two 
measurements goes partially against the above recom-
mendation but it was made for practical reasons. Gener-
ally, in a large-scale study with a large number of chil-
dren, multiple visits are not feasible for temporal and 
economic reasons. Yet, a single visit with two blood 
pressure measurements, proved equally effective com-
pared with several visits, as the second measurement 
substantially reduced the incidence of false positive 
values. 

No guidelines were found in the available literature 
regarding the ideal frequency and accurate time interval 
between blood pressure measurements, the time inter-
vals between measurements varying from 30 s [1] or one 
minute [22] to 10 min [3]. In a study of Borges et al. [3], 
3 measurements at 10-min intervals were made during 
a single visit, the consecutive values significantly de-
creasing and the prevalence of hypertension dropping 
from 8.7 down to 2.3%. The decision to choose a longer 
time interval between two measurements could have 
several benefits. The children could get used to the situa-
tion, their cardiovascular system could become steady 
and the measurement-related stress could be reduced. 
From the medical point of view, measuring blood pres-
sure on both arms, the time interval amounting to sev-
eral minutes in order to prevent the carry-over effect of 
the preceding measurement, seems reasonable. Apart 
from time spacing, the frequency of measurements var-
ies as well from one to 3 measurements during a visit. 
We decided on measuring blood pressure twice instead 
of the triple recommended for adults. During the 3 meas-
urements in children, the prevalence of hypertension 
predicted from the third measurement did not differ sig-
nificantly from the second one and this finding makes 
the necessity of making the third measurement ques-
tionable [3]. 

The increases of both systolic and diastolic blood 
pressure with age found in this study are consistent with 
other reports on schoolchildren in national [18] and inter-
national [2,6] comparisons. The available evidence sug-
gests that childhood hypertension could contribute to an 
early development of cardiovascular diseases [5] and 
that elevated blood pressure levels persisted over time 
and progressed to adult hypertension [2]. For this reason, 
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it is important to monitor blood pressure in early life. 
Silverman et al. [21] analysed the frequency of blood 
pressure measurements in children in emergency de-
partments in USA. Adolescents had their blood pressure 
measured more frequently (93%) than those 2 – 12 years 
old (78%) or 1 – 24 months olds (35%). It was shown 
that the frequency of blood pressure measurements in-
creased with age. In a study of Gilhotra and Willis [7], 
114 out of 504 children aged 1 month to 18 years had 
their blood pressure measured in emergency departments 
in Australia. In total, 35 subjects (30.7%) exceeded the 
95th percentile but only 19 of them had their blood pres-
sure re-measured. These examples show that blood pres-
sure measurements in the childhood are inconsistent, 
factors like inappropriate cuff sizes, lacking co-operation 
of the children, no trained medical personnel etc., being 
likely to be the reason. 

Moreover, a comparison of reference values across 
several countries showed them to differ. The values for 
European children differ from the American ones; pooled 
information from 6 European studies showed that the 
95th percentile for SBP was by 6 mm Hg and for DBP 
by 3 mm Hg higher in both sexes compared with U.S. 
values [6]. Menghetti et al. [16] found that normal val-
ues for blood pressure for Italian children differed from 
the American as well as from de Man´s [6], the 95th per-
centile values being by 3 and 8 mm Hg higher for SBP 
and DBP, respectively, in both sexes between 5 and 12 
years of age, and by 2 – 3 mm Hg higher in older males 
[16]. This emphasises that in addition to standardising 
the measurement methodology, consistent blood pres-
sure values have to be established. 

Summing up, accurate blood pressure measurements 
are the key in the diagnosis of childhood hypertension. 
Second measurement is meaningful and seems to reflect 
blood pressure levels closer to the basal ones. Repeated 
blood pressure measurements early in life improve the 
prediction of adult hypertension. The results of this study 
confirm the necessity of a second blood pressure meas-
urement during an examination. Nevertheless, the con-
sistent blood pressure values ought to be established and 
measurement methodology standardised.  
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