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Abstract 

Background: Creation of a hypertension risk stratification model and development of an 

algorithm to detect hypertension in teenagers. 

Methods: The study group consisted of 690 middle and high school students, aged 15–17 

years, from the metropolitan area of Warsaw, Poland. Information concerning family history 

and presence of risk factors for cardiovascular disease was gathered. Three-time blood 

pressure measurements were taken during at least two separate visits, which were at least a 

week apart, using the auscultatory method, according to standard procedures. Anthropometric 

measurements included: body weight, height, arm, hip and abdominal circumference, skin-

fold thickness measured on the rear surface of an arm, below the inferior angle of the scapula 

and at the belly. Following indexes were determined: body mass index (BMI), waist to hip 

ratio (WHR), waist to height ratio (WHtR), hip to height ratio. 

Results: A logistic regression model, describing the risk of hypertension in adolescents aged 

15–17 was invented. π ̂(x)=e^(g ̂(x))/(1+e^(g ̂(x)) ) where: g ̂(x) = –0.097 × height + 0.085 × 

weight + 7.764 × WHR + 1.312 × hypertens_1(=yes). Hypertens_1 means presence of 

hypertension among members of the closest family.The formula was created, allowing the 

pre-selection of adolescents at risk of hypertension during screening. Next an algorithm for 

the detection of hypertension for practical use was proposed. 

Conclusions: Body weight, WHR and incidence of hypertension in the family are the 

strongest predictors of hypertension in teenagers. Proposed screening algorithm can be a 

useful tool for selecting teenagers at risk of hypertension and in need of specialized 

diagnostics and care. 

Key words: primary hypertension, hypertension risk stratification, hypertension in 

children, hypertension in teenagers, prediction of hypertension 
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Introduction 

Hypertension is not an isolated phenomenon in pediatric populations and needs to be 

treated in the same way as other diseases of a chronic nature. The strategy of prevention and 

treatment in the light of available research should be long-term and focused on reducing the 

number of complications in adulthood. 

Hypertension affects 20–30% of the global population and in most cases its form is 

essential hypertension [1–9]. Polish multicenter population based studies showed that 

hypertension affects about 30–35% of adult Poles and the incidence of hypertension increases 

with age [10–13]. The number of adolescents with essential hypertension has rapidly 

increased in number. According to some authors, in older age groups the problem of 

hypertension may affect eight or even over a dozen percent of adolescents [8, 14–17]. 

The incidence of hypertension in the population under 18 years of age is estimated at 

2–5%. More recent epidemiological studies have revealed a marked increase in the percentage 

of children with primary hypertension. It is estimated that it affects 4% of the pediatric 

population and increases with age and that the percentage of children with high normal blood 

pressure (BP) valuesare more than twice as high (9%). The results of the OLAF study carried 

out in Poland  from 2007 to 2009 with the participation of over 17,000 students aged 6.5–18.5 

years, were similar to those in previous studies and showed the incidence of hypertension in 

the studied age group to range between 3% and 3.5% [18, 19]. Essential hypertension is the 

predominant form of hypertension in children older than 10 years of age [20, 21].   

In all developed and developing countries there is a tendency for diagnosing essential 

hypertension in younger and younger children, which goes hand in hand with the observed 

parallel increase in the prevalence of overweight and obesity in the pediatric age [22–26]. 

It is estimated that in Europe, 1 in 5 children is overweight or obese, and 

approximately 400,000 new cases of overweight and obesity are annually recognized among 

children and adolescents [27, 28]. 

With increasing rates of obesity in children and adolescents, the proportion of primary 

hypertension increases and it is diagnosed in about 50% of all children evaluated due to 

hypertension [18]. Fortunately, in recent years the percentage of obese children in developed 

countries has been reported to be in a plateau phase or even decreasing in number. According 

to recent studies, 11–12.5–14.8% of Polish teenagers are overweight and obese. Several other 

large population analyzes, that had been carried out in Poland in the last few years — 
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depending on the methodology used — have revealed that 8–10.5–14.2% of boys are 

overweight and 7–6.8–6.4% of boys are obese. In girls, respectively — overweight is 

observed in 10.5–12–13%; obesity in 11–10–7.7%. Excess body weight is significantly higher 

in girls than boys and in children living in the cities rather than in those in countryside [29–

33]. 

Even in the developmental age significant damage of the arteries and left ventricular 

hypertrophy are observed. Overall, left ventricular hypertrophy and thickening of the intima-

media complex of carotid arteries are observed in even up to 40% of children at the time of 

diagnosis of essential hypertension, before the introduction of any antihypertensive treatment 

[8, 16, 20, 34–37].  

The aim of the present study was a create of a hypertension risk stratification model 

and development of an algorithm to detect hypertension in teenagers. 

The idea behind this study was to create a simple questionnaire — based on the 

developed risk model — which would be accessible for each student by a dedicated website, 

e-mail or a smartphone application. To complete questionaire students would neither have to 

know or measure their BP values.  

The goal was to develop an algorithm that would inform students of what the 

likelihood of abnormal test result means, what the potential complications are as well as to 

suggest further steps. 

 

Methods 

 In this prospective study 690 middle school and high school students aged 15–17 years 

who underwent screening were enrolled. Schools were chosen at random. They were larger 

and smaller high schools and secondary schools in Warsaw and smaller cities. The tests were 

also conducted in two small village schools. There were sports classes in some of those 

schools. No student in the studied group had been diagnosed or suspected of having 

hypertension before.  

 Information concerning family history and the presence of risk factors for 

cardiovascular disease was gathered based on the questionnaire. 

Blood pressure measurements were taken using the auscultatory Korotkoff method with 

the aid of a manual aneroid sphyngomanometer, according to standards contained in The 

Fourth Report on the Diagnosis, Evaluation and Treatment of High Blood Pressure in 

Children and Adolescents (4 TFBP) and Guidelines of the Pediatric Section of the Polish 
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Society of Hypertension on diagnosis and treatment of arterial hypertension in children and 

adolescents [18, 36, 38]. Blood pressure measurements were taken 3 times during at least 2 

separate visits, at least a week apart and the values were related to values contained in the 4 

TFBP [36, 38]. In accordance with current recommendations, the criteria for diagnosing 

hypertension in students over 16 years of age were the same as those used in adult populations 

[18]. 

In all patients admitted to the Department of Cardiology, automatic BP measurements 

were performed using the oscillometric method. The results of the BP measurement using the 

oscillometric method were referred to standards developed during the OLAF study [19]. In all 

students with suspected hypertension, 24-hour arterial blood pressure monitoring (ABPM) 

was performed. Blood pressure values obtained by ABPM were assessed on the basis of 

centile charts recommended by the American Heart Association (AHA) adapted from Wühl 

and the team, with permission from Lippincott Williams & Wilkins [39, 40]. Arterial 

hypertension was diagnosed when systolic BP and/or diastolic BP ≥ 95th percentile according 

to norms for sex, age and/or height were found. Students who were diagnosed with arterial 

hypertension on the basis of a screening test prior to being reported to the cardiology 

department for further diagnosis were advised to perform BP measurements at home. 

Anthropometric measurements included: body weight, height, arm, hip and abdominal 

circumference. Skin-fold thickness was measured on the rear surface of the freely lowered 

arm, on the back below the inferior angle of the scapula, at the belly — midway between the 

umbilicus and the anterior superior iliac spine, and in third of the distance between the 

anterior superior iliac spine and the pubic symphysis. 

 On the basis of measurements taken,  the following indexes were determined: body mass 

index (BMI), waist to hip ratio (WHR), waist to height ratio (WHtR), hip to height ratio — 

body adiposity index (BAI) [36, 38, 41–43].  

 In analysis following statistic methods were used: the Shapiro-Wilk test, the t-Student 

test, the U Mann-Whitney test (the Wilcoxon Rank Sum Test), the non-parametric chi-square 

test, the Pearson correlation coefficient, the Kruskal-Wallis test in analysis of variance 

(ANOVA). 

All hypotheses were tested with a significance level 0.05. Logistic regression analysis 

was conducted in order to assess probability of hypertension occurrence. Variables that could 

have influenced the risk of hypertension in children were searched for. Testing the algorithm 

was calculated as: sensitivity, specificity, positive predictive value, negative predictive value 
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in the tested group and receiver operating characteristic (ROC) analysis was performed. For 

statistical analysis R software version 3.1 was used. 

 The study was approved by the University Bioethics Committee. Approval number of 

the Bioethics Committee KB/204/2009. The study was carried out according to the World 

Medical Association Declaration of Helsinki. 

 

Results 

In the present study 690 students aged 15–17 years were enrolled, 366 boys and 324 

girls. Hypertension was diagnosed in 40 (5.8%) adolescents: 22 (3.2%) boys and 18 (2.6%) 

girls. Basic statistics of the study group including parameters used in the algorithm are listed 

in Table 1. 

Afterwards the influence of selected factors on the prevalence of hypertension was 

evaluated. Statistically significant differences in mean values (p < 0.001) of both systolic and 

diastolic BP values were observed, depending on weight category, as defined by BMI. The 

highest mean values of systolic and diastolic BP occurred in adolescents with obesity, was 

slightly lower among adolescents who were overweight, and was lowest in adolescents with 

normal body weight and body mass deficiency (p < 0.001). It was estimated that the risk of 

hypertension for an obese adolescent is over 13 times greater than that of  an adolescent who 

is not obese. 

 Hypertension was more frequent (p = 0.004) in adolescents who had at least one 

parent who suffered from hypertension. Hypertension was diagnosed in 22 (10.8%) of 204 

adolescents who had at least one parent with diagnosed hypertension. Among more than a 

twice as large group of 464 adolescents, whose parents did not suffer from hypertension, there 

were only 18 adolescents with diagnosed hypertension, representing 3.9%. What is more, 

among the 447 adolescents who had at least one person among their next of kin who suffered 

from high BP, hypertension was diagnosed in 32 (6.9%), and among the 243 adolescents who 

did not have anyone in the family suffering from hypertension — only 5 (2.1%) met the 

criteria for diagnosis of hypertension (p = 0.030). It has been estimated that the risk of 

hypertension for a pupil from a family where at least one person suffers or had suffered from 

hypertension, is more than 2.8 times higher than that of an adolescent, who had no history of 

family hypertension (Table 2). 

Logistic regression model that describes the probability of hypertension in 

adolescents, was used to verify, which of the analyzed parameters affect the increased risk of 

developing hypertension. Diagnosis of hypertension was the dependent variable. 
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 Finally, the following set of explanatory variables was used: birth weight, height, 

weight, WHR, family history of hypertension, presence of obesity among members of the 

closest family, type II diabetes among members of the closest family, cardiovascular disease 

among members of the closest family. It was tested to find which variables were useful for the 

prediction of developing hypertension. 

The results of the logistic regression model for risk of hypertension in young adults are 

shown in Table 3. 

 The final form of logistic regression model is: 𝛑̂(𝐱) =
𝐞𝐠̂(𝐱)

𝟏+𝐞𝐠̂(𝐱)
 where  𝐠̂(𝐱) =

−𝟎. 𝟎𝟗𝟕 ∗ 𝐡𝐞𝐢𝐠𝐡𝐭 + 𝟎. 𝟎𝟖𝟓 ∗ 𝐰𝐞𝐢𝐠𝐡𝐭 + 𝟕. 𝟕𝟔𝟒 ∗ 𝐖𝐇𝐑 + 𝟏. 𝟑𝟏𝟐 ∗ 𝐟𝐚𝐦𝐢𝐥𝐲  𝐡𝐲𝐩𝐞𝐫𝐭𝐞𝐧𝐬ion, 

where “family hypertension” means the presence of hypertension among members of the 

closest family — father, mother, siblings, grandfather and  grandmother — 1 if hypertension 

is present in 1 of the family members, 2 if in 2 of the members etc. 

 On the basis of a logistic regression model one can estimate the probability of a 

student developing hypertension.  

Testing of the developed algorithm was carried out at a school on students aged 15–

17. 108 students completed questionnaires by themselves. In all students BP was measured 

three times using the oscillometric method. The basic statistics of the control group on which 

the model was tested are listed in Table 1. Sensitivity and specificity of the developed 

algorithm was calculated for the estimated risk > 50% and > 75% as a positive result of the 

screening test. Predictive value for positive and negative results was also calculated. The 

mean of three BP measurements was analyzed. Systolic and/or diastolic BP > 95 percentile 

according to norms for sex age and height or > 140 and/or 90 mmHg were considered test 

confirmation. The results are shown in Table 4.  

For the test group ROC analysis was performed (Fig. 1). In order to demonstrate 

results better, presented sensitivity and specificity values for a greater number of thresholds 

can be seen in Table 5. 

Based on test results obtained, an algorithm was proposed that could be suitable for 

practical use for detection of hypertension, using the created risk model (Fig. 2). 

 

Discussion 

 Conducting epidemiological studies on the prevalence of hypertension in children and 

adolescents requires a different approach than in adults. This is due to the need of taking into 

account the specific nature of the developmental age population, in particular development of 
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systems and organs that are involved in the complex process of BP control. Differences and 

difficulties in conducting screening tests for hypertension in children and adolescents arise 

from the need of using different cuffs, precisely matching the arm circumference, application 

of standards appropriate for age, sex, height, use of charts and tables to evaluate other 

parameters, such as height or BMI. In children one should always take into account possible 

measurement errors, resulting from physical activity, increased excitability and emotions 

during measurements taken by a school nurse at her office [44]. 

 All of differences and difficulties mentioned above result in screening of the studied 

age group as being extremely laborious, difficult to perform and generates huge costs. 

Screening programs used in prevention of cardio vascular diseases may take the form of 

organized programs or are being implemented in an opportunist form [15, 16, 23].  

One cannot forget that according to existing guidelines, BP measurement should be an 

integral part of any medical visit in every child over 2 years old. It should be performed at 

least once a year. This recommendation is usually respected in the so-called healthy children 

clinics during periodic health evaluation and visits and allows identifying younger children 

with hypertension at an early stage, mainly children with secondary forms of hypertension 

[15, 16, 36, 38, 41]. 

 According to current recommendations, general practitioners are obliged to perform 

such screening tests, such as: recording history of cardiovascular diseases occurring in the 

family, taking BP measurements as well as measurements of body weight and height. These 

screening tests are classified as occasional tests (so-called opportunistic tests). In adolescents 

they appear to be inefficient and ineffective [36, 38, 41, 44–47]. 

 Teenagers do not seek medical care often, because they are less susceptible to viral 

diseases of childhood, periodic health evaluations are carried out in schools less often, pupils 

do not need to undergo mandatory medical examinations in occupational medicine clinics and 

they less often suffer from chronic diseases than adults do  [44–46]. 

 Screening programs are another possibility. These may be smaller, locally funded 

actions, covering several schools, or larger projects which may for example, be financed by 

the Ministry of Health, that cover cities and regions. Such programs usually require large 

amounts of money and an enormous commitment of medical and administrative staff [44–46]. 

Another model is a screening test based on preselection. It involves screening of 

patients at risk of studied and a searched for feature — hypertension in this case — on the 

basis of available data, e.g. patient history, medical records or performance of a simple, 

noninvasive and inexpensive test [44–46]. 
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In order to stratify risk of hypertension, a logistic regression model, describing the risk 

of hypertension in adolescents between 15 and 17 years of age was invented. A formula was 

created, allowing the pre-selection of adolescents at risk of hypertension during the screening 

of hypertension. 

 The study needed an easy to use calculator, and one was created that gives the doctor, 

student or parent an opportunity to assess the risk of hypertension occurrence. 

 For example, probability of a diagnosis of hypertension for a student weighing 95 kg, 

177 cm tall, with WHR = 0.95, having 2 family members with hypertension is ~70%. 

For the same student having 3 family members with hypertension the risk is ~ 90%. 

 A student, weighing 75 kg, 180 cm tall and with WHR = 0.85, with no family history 

of hypertension has a risk of hypertension ~1%. If this student weighed 110 kg, the risk would 

increase to about 18%. If there were 1, 2 or 3 family members with hypertension, risk would 

increase to ~45% and ~75% and ~95%, respectively. 

It turns out that the standard measurement of BP in children and adolescents is 

encumbered by a large error. Often, high BP values recorded during the first measurement, 

become gradually normalized during subsequent measurements. 

A large number of false positive results in this group of patients implies that patients 

are unnecessarily directed to diagnostic expertise, which generates additional costs and 

exposes the patient to unnecessary stress [14–17, 36]. 

Conducting screening using the developed algorithm and spreading it with the aid of 

social media and networking sites frequented by youth, will allow in a short time and without 

major financial investment or risk of obtaining a large number of false positive results 

associated with the measurement of BP, and to extract a group of young people in which there 

is a high risk of essential hypertension. 

There is no similar, simple algorithm to be found in available literature, that does not 

require measurement of BP and is useful in screening for hypertension in adolescents [45]. 

The National High Blood Pressure Education Program’s Working Group (NHBPEP) 

recommended lifestyle interventions (i.e., weight reduction, increased physical activity, and 

adoption of healthy eating habits) to reduce BP in children and adolescents with 

prehypertension and hypertension, with pharmacologic approaches reserved for children and 

adolescents with elevated BP not responding to lifestyle interventions or for those who have 

secondary causes of hypertension [38]. An updated review conducted by the United States 

Preventive Services Task Force (USPSTF) in 2012 concluded that even though BP screening 

in children and adolescents could be effective in identifying high BP, there is still no 
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sufficient evidence on routine screening, and that false positive rates might be high. Public 

health authorities should work with health-care providers to promote and to improve BP 

screening in children and adolescents. For example health-care providers can use healthy 

children visits and physical examinations of sports participants as opportunities to increase 

screening rates among children [45]. Still it remains, that routine screening is potentially more 

effective and less costly than selective screening or no screening [46, 48, 49]. 

According to the USPSTF guidelines, the primary justification for screening for 

hypertension in children and adolescents it is that early diagnosis of essential hypertension 

can lead to interventions in reducing BP in childhood and adolescence, thus reducing the risk 

of cardiovascular event occurrence and death in adulthood [44, 50].  

The primary prevention of atherosclerosis should precede its clinical manifestation and 

begin in early childhood [48, 49].  

 

Conclusions 

Body weight, WHR and incidence of hypertension in the family are the strongest 

predictors of hypertension in teenagers. Proposed screening algorithm can be a useful tool for 

selecting teenagers at risk of hypertension and in need of specialized diagnostics. There is a 

plan to upscale research and test the algorithm on larger groups on a larger scale. 
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Table 1. Basic statistics of the study group including parameters used in the algorithm and of 

the control group on which the model was tested. 

 Study group for which the algorithm was 

created, n= 690; 366 boys (53%); 324 girls 

(47%) 

Control group, n=108 

50 boys (46.3%); 58 girls (53.7%) 

Age [years] 15.65 ± 0.86; min. 14; max. 17; median 15.0 15.7 ± 0.77 min. 14; max. 17; median 16.0 

Weight [kg] 61.5 ± 12.4; min. 37.5; max. 119; median 59.5 62.5 ± 14.4; min. 38; max. 101; median 59.7 

Hight [cm] 169 ± 8.3; min. 148; max. 191.5; median 169 167 ± 9.0 min. 140.5; max. 189; median 166 

Waist circumference 72.6 ± 9.0; min. 52; max. 117; median 71 76.4 ± 10.9; min. 61; max. 110; median 74.5 

Hip circumference 83.5 ± 8.6; min. 63; max. 120; median 82 95.6 ± 8.7; min. 74; max. 123; median 95 

Waist to hip ratio 0.87 ± 0.06; min. 0.62; max. 1.08; median 0.87 0.8 ± 0.08; min. 0.6; max. 1.07; median 0.79 

SBP [mmHg] 112.3 ± 12.2; min. 82.0; max. 158; median 112.7 118.5 ± 12.2; min. 97.5; max. 145; median 

117.2 

DBP [mmHg] 66.9 ± 6.9; min. 50.5; max. 101.0; median 66.0 68.7 ± 9.2; min. 50.0; max. 100.0; median 68.0 

Hypertension N = 40 (5.8%) N = 11 (10.2%)  

Family hypertension N = 479 (69%) at least one close family member 

with hypertension 

N = 163 (23.6%) more than one person in closest 

family with hypertension 

N = 51 (47%) at least one close family member 

with hypertension 

N = 26 (24%) more than one person in closest 

family with hypertension 

SBP — mean systolic blood pressure; DBP — mean diastolic blood pressure 

 

 

 

 

 

 

 

 

 

 

 

 



14 
 

Table 2. Correlation between analyzed parameters in the study group. 
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Skin fold belly 1                  
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123 SBP                 
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Maroon — correlation power ≥ 0.9; p < 0.00001 

Red — correlation power ≥ 0.8; p < 0.00001 

Orange — correlation power ≥ 0.75; p < 0.00001 

Yellow — correlation power ≥ 0.6; p < 0.00001 

Light yellow — correlation power ≥ 0.3; p < 0.001 

SBP — systolic blood pressure; DBP — diastolic blood pressure; BMI — body mass index; WHR — waist to hip ratio; 

WHtR — waist to height ratio; BAI — body adiposity index (hip to height ratio); skin fold scapula — skin-fold thickness on 

the back below the inferior angle of the scapula; skin fold arm — skin-fold thickness on rear surface of freely lowered arm; 

skin fold belly 1 — skin-fold thickness at the belly midway between the umbilicus and the anterior superior iliac spine; skin 

fold belly 2 — skin-fold thickness at the belly in third of the distance between the anterior superior iliac spine and the pubic 

symphysis 
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Table 3. Results of the logistic regression model describing the probability of hypertension in 

adolescents. 

 CE 95% CE OR 95%CI OR P 

Body height –0.097 (–0.13; –0.066) 0.91 (0.88; 0.93) < 0.0001 

Weight 0.085 (0.06; 0.11) 1.09 (1.06; 1.12) < 0.0001 

WHR 7.764 (2.16; 13.55) 2355 (8.66; 762608) 0.007 

𝐅𝐚𝐦𝐢𝐥𝐲 𝐡𝐲𝐩𝐞𝐫𝐭𝐞𝐧𝐬ion 1.312 (0.35; 2.5) 3.7 (1.41; 12.2) 0.015 

Family hypertension (1 if hypertension in 1 of the family members, 2 if hypertension in 2 of the family 

members etc.); CE — coefficient-estimate; WHR — waist to hip ratio; OR — odds ratio; 95% CI OR — 95% 

confidence interval odds ratio 

 

 

Table 4. Sensitivity, specificity, positive predictive value, negative predictive value in the 

tested group. 

 

 

 

 Mean arterial pressure from 3 

measurements using the oscillometric 

method 

 

  Diagnosis of 

hypertension 

SBP and/or DBP > 

95 percentile or > 

140 and/or 90 

mmHg 

N = 11 

Normal blood 

pressure 

SBP and/or DBP < 

95 percentile or < 

140/90 mmHg 

 

N = 97  

 

 

 

 

 

 

The probability of 

hypertension 

estimated using the 

developed formula 

Test outcome 

positive for risk 

of hypertension 

> 50%, n = 13 

> 75%, n = 6 

True positive 

 

 

TP 50%, n = 10 

TP 75%, n = 6 

False positive 

 

 

FP 50%, n = 3 

FP 75%, n = 0 

Positive predictive 

value 

 

PPV 50% = 77%  

PPV 75% = 100% 

Test outcome 

negative for risk 

of hypertension 

> 50%, n = 95 

> 75%, n = 102 

False negative 

 

 

FN 50%, n = 1 

FN 75%, n = 5 

True negative 

 

 

TN 50%, n = 94 

TN 75%, n = 97 

Negative predictive 

value 

 

NPV 50% = 99% 

NPV 75% = 94% 

  Sensitvity 

50% = 91% 

75%= 54% 

Specificity 

50% = 97% 

75% = 100% 

 

SBP — systolic blood pressure; DBP — diastolic blood pressure; TP — true positive; FP — false positive; FN 

— false negative; TN — true negative; PPV — positive predictive value; NPV — negative predictive value 
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Table 5. Sensitivity and specificity for different risk thresholds. 

Risk thresholds 0.1 0.2 0.3 0.4 0.46 0.5 0.6 0.7 0.75 0.8 0.9 

Sensitivity 1 1 1 1 1 0.91 0.82 0.64 0.54 0.36 0.27 

Specificity 0.87 0.92 0.96 0.96 0.97 0.97 0.97 0.99 1 1 1 

 

 

 

 

Figure 1. Receiver operating characteristic curve for risk of hypertension calculated using an 

algorithm. The optimal cut-off point for risk of hypertension, calculated using the algorithm is 

46% area under the curve (AUC): 0.989 (0.973;1.00) (cut-off: 0.4597). For this value: 

sensitivity = 100%; specificity = 97%; positive predictive value (PPV) = 79%; negative 

predictive value (NPV) = 100%. 

 

 

 

Figure 2. An algorithm to detect hypertension based on a developed model of hypertension 

probability; BP — blood pressure. 
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