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Abstract  

 
Hypertension in childhood leads to hypertension in adult life, 

the strongest risk factor being obesity. This study determined 

the prevalence of primary hypertension and its risk factors in 

Grade XII learners in KwaZulu-Natal, South Africa, from 

March 2016 to June 2017. Weight, height, body mass index 

(BMI), random finger prick cholesterol and glucose, and spot 

urine for an albumin: creatinine ratio were measured. An 

average of three separate blood pressure readings taken was at 

least 5 minutes apart. Five hundred and sixty-four learners had 

weight, height, and BMI; 536 had random blood glucose; and 

545 had cholesterol and random spot urine albumin : creatinine 

ratios measured. Prehypertension was detected in 168 (29.7%) 

and hypertension in 77 (13.7%)   of learners. Ninety (15.9%) 

were overweight and 75 (13,3%) were obese. 

Hypercholesterolaemia was present in 58 (10.8%) and a high 

spot random urine albumin : creatinine ratio in 5 (1.0%). None 

had a high blood glucose level. Both prehypertension    and 

hypertension in all learners showed a significant increase with 

increasing BMI. Six (1.0%) learners had metabolic syndrome. 

Female learners in other racial groups (defined as Indian, mixed 

race, and White learners), overweight, and obese learners 

showed significantly higher rates of hypercholesterolaemia. We 

showed overweight and obesity as risk factors for 
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prehypertension and hypertension. This presages the need for 

an appropriate diet and adequate exercise in a child’s school 

career. 

 

Introduction  
 

Hypertension has over the recent decades become a global health 

problem [1]. The criteria for hypertension in children and 

adolescents are complex as it entails correcting for age-, gender-, 

and height-specific reference values and as such pose a challenge 

in clinical practice [2]. Thus, both hyper- tension and 

prehypertension, though prevalent in childhood and increasing in 

frequency, remain widely underdiagnosed [3]. The global 

prevalence of hypertension in children and adolescents has been 

reported as 1 - 5% [4]. 

 

It is well established that hypertension  in  childhood and 

adolescence  leads  to  hypertension  in  adult  life  and it is an 

independent risk factor for cardiovascular disease with other 

risk factors such as hypercholesterolaemia, hyper- 

triglyceridaemia, low high-density lipoprotein cholesterol, 

truncal (central) obesity, hyperinsulinaemia, and metabolic 

syndrome [5,6]. The strongest risk factor for paediatric 

hypertension is obesity; other factors include a family history of 

hypertension and male sex [7]. This association between excess 

weight and hypertension in childhood has been reported in 

several studies [8]. The prevalence of obesity has been 

exponentially increasing across both developed and developing 

countries [9–11]. Sorof et al. reported a three times higher 

prevalence of hypertension in obese compared to non-obese 

adolescents in a school-based hypertension and obesity 

screening study [8]. Among all demographic and clinical 

factors analysed, increasing body mass index (BMI) was the 

most strongly associated with hypertension. 

 

According to Sorof and colleagues [12] the development of 

effective strategies to manage primary hypertension in children 

and adolescents requires an understanding of the condition in 

site-specific, community, or regional settings as these may have a 

bearing on modifiable factors such as dietary intake and activity 
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levels. Children who are overweight, born preterm, or small for 

gestational age and of Black race are at increased risk for 

developing hypertension [13]. In the developed world, salt intake 

is generally above the recom- mended intake among children and 

a similar trend is seen in the developing world. Although a 

positive sodium balance is needed for growth in the first year of 

life, persistence of high salt intake subsequently can have 

deleterious cardiovascular consequences [14]. This is relevant 

since blood pressure in childhood tracks into adulthood and high 

salt intake is often associated with increased consumption of 

sugar-sweetened beverages (predisposing children to weight gain) 

[13]. 

 

In a previous study undertaken by Bhimma et al. in    the central 

Phoenix Region of KwaZulu-Natal, South Africa in 2012 [15], 

the prevalence of prehypertension and hyper- tension among 

school-going children aged ≥6 to <18 years was estimated to be 

2.1% (0.8–3.5%) and 2.6% (1.1–4.1%), respectively, similar to 

the 3-5% indicated in other reports  in the literature globally 

[12,15–19]. The risk of high blood pressure was found to rise 

with an increase in age, weight, height, waist circumference, 

increased triglyceride levels and heart rate, and family history of 

high blood pressure and diabetes, as well as suspected substance 

abuse [15]. A lack of exercise and an increased consumption of 

soft drinks were further associated with an increased risk for 

hypertension, which may be related to the increase in BMI 

associated with these lifestyle factors. 

 

The study by Bhimma et al. was done in a single region 

(Phoenix) in KwaZulu-Natal in a wide age range of learners (≥6 

to <18 years) and risk factors such as biochemical mea- 

surements of blood glucose, triglycerides, and high-density 

lipoprotein cholesterol levels were not reported. Phoenix is 

predominantly an Indian area and not truly representative   of the 

other regions of KwaZulu-Natal [15]. In the present study, the 

racial demographics are more representative of the Province and  

we  recruited  only  Grade  XII  learners to determine the 

cumulative effect of the risk factors for  hypertension over the 

schooling years. 
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The aim of this study was to determine the prevalence of primary 

hypertension and associated risk factors in Grade XII learners in 

KwaZulu-Natal, South Africa, using a study sample more 

representative of the demographics of this Province. It is hoped 

that this study will help formulate strategies that will provide 

guidelines to regional health care policy makers on how to curb 

the imminent epidemic of increasing overweight and obesity and 

associated hyperten- sion in learners. 

 

Materials and Method  
 

This was an observational, cross-sectional study on the 

prevalence of primary hypertension in Grade XII learners in 15 

randomly selected schools from 5 districts in KwaZulu- Natal, 

South Africa, conducted from March 2016 to June 2017. Age, sex, 

race, and place of residence were recorded for each learner. 

 

Certified trained nursing staff accompanied by a med- ically 

qualified doctor undertook the following biometric 

measurements: weight (kg) and height (cm). Weight mea- 

surements were undertaken with the learner wearing his/her 

school uniform but without a coat and other items that may 

increase weight, using a calibrated scale (Salter Salter Ultra 

Slim Bathroom Scale, Model SS3R®) with measurements in 

kilograms to one decimal space. Height measurements were 

done with the learner standing upright on a flat surface against 

a straight wall without shoes, heels together and the learners 

heels, buttocks, shoulders, and head touching the vertical wall 

surface with their line of straight sight aligned horizontally 

using a soft portable tape and measured to the nearest one 

centimetre. The tape measure was fixed to a straight wall and 

calibrated using a one metre ruler to ensure that the height 

measured using the tape fixed to the wall and the ruler were the 

same. Internal validation was done by one of the investigators 

measuring their height at the hospital using a stadiometer and 

comparing it to the height taken      at the site. A single certified 

trained nurse at each site was allocated to do the height and 

weight measurements to avoid observer bias, although this 

could not be totally eliminated between sites. BMI was 

calculated as weight/height2 (kg/m2) and categorized according 
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to the Center for Disease Control and Prevention (CDC) age- 

and sex-specific growth charts [20]. Learners were classified as 

normal if the BMI was ≤85th percentile (BMI ≥ 18.5 kg/m2 and 

<25 kg/m2) for age and sex, overweight if the BMI was ≥85th 

percentile but <95th percentile (BMI ≥ 25 kg/m2 and <30 

kg/m2), and obese if the BMI was ≥95th percentile (BMI ≥ 30 

kg/m2 and <35 kg/m2). All learners also had the following 

clinical and laboratory assessments done: blood pressure 

measurements (mmHg), urinary dipsticks analysis, random 

blood sugar (glucometer reading), random cholesterol, and a 

random urine albumin: creatinine ratio on a spot urine sample. 

 

Blood pressure measurements were done using an appro- priate 

size cuff with the child at rest and seated upright. The right 

arm was maintained in a relaxed position and supported with 

the cubital fossa at the level of the heart. An average  of three 

separate readings taken at least 5 minutes apart was recorded 

and the definition of hypertension used in this study was based 

on the Fourth Report on the Diagnosis, Evaluation, and 

Treatment of High Blood Pressure in Children and Ado- 

lescents [21] which states that sustained systolic or diastolic 

blood pressure measurements should be in the 95th per- centile 

for a respondent to be classified as hypertensive [22]. Systolic 

and diastolic blood pressures were measured using the 

oscillometric method, employing an automated blood pressure 

monitor Edan Model 3® done by the same individual to 

eliminate operator bias. Recommendations for cuff sizes 

published by the National High Blood Pressure Education 

Working Group on Hypertension control in Children and 

Adolescents (1996) were followed. The width: length ratio of 

the inflatable bladder used was at least 1:2 with width covering a 

minimum of 40% of the arm at a point midway between the 

olecranon and acromion and length covering 80-100% of the 

circumference of the arm. 

 

Hypertension is defined by the Forth Report on the Diagnosis, 

Evaluation, and Treatment of High Blood Pressure in Children and 

Adolescents which classifies BP as follows: normal if <90th 

percentile; prehypertension if ≥90th to <95th percentile or 
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>120/80 mmHg in adolescents; Stage 1 HPT if between ≥95th to 

99th percentile plus 5 mmHg; Stage 2 HPT if >99th percentile 

plus 5 mmHg [21]. 

 

Biochemical measurements of random blood glucose and 

random cholesterol levels were made by fingerpick testing using 

the Accutrend Plus Cobas® machine (Roche Diagnostics®, 

Germany). Hyperglycaemia was defined as a random glucometer 

reading >11.1 mmol/l of blood glucose and 

hypercholesterolaemia as a random cholesterol level ≥4.6 mmol/l 

[23]. 

 

A fresh spot random clean-catch midstream sample of urine 

collected in a sterile urine collector was used for measurement of 

albumin: creatinine ratio and urinary dip- sticks analysis. Urinary 

dipsticks analysis was done using Combur 9 Test® dipsticks 

(Cobas, Roche Diagnostics®) according to the manufacture’s 

specifications. Measurement for albumin: creatinine ratio was 

undertaken at the National Health Laboratory Services on the 

Advia 1800 Chemistry Analyser® (Siemens, Tarrytown, NY) at 

the Inkosi Albert Luthuli Central Hospital. For males a random 

spot urine albumin: creatinine ratio in the range 2.5-25 mg/mmol 

was defined as normal. Greater than this range was considered as 

frank proteinuria. For females, the normal range was 3.5- 35 

mg/mmol and greater than this range was defined as frank 

proteinuria. Metabolic syndrome was defined by three metabolic 

abnormalities including three of the following: obesity, 

hypertension, high random cholesterol, or hypergly- caemia [23]. 

 

The measurements were all done at the schools using a suitable 

venue that was allocated by the school Principal. The basic science 

students were involved in setting up and assist- ing the students 

with the completion of the questionnaires. All equipment and 

staff were transported to the sites. All measurements were made 

by a single observer at each site to eliminate interobserver error. 

At the time of data collection if a value for any of the parameters 

measured was abnormal, the staff alerted the doctor on site who 

gave the learner a referral letter to a health care centre stating the 

problem. This was done following a private discussion with the 

student and with their full consent. Learners diagnosed with 
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hypertension, hypercholesterolaemia, or high blood sugar were 

referred  to the nearest health care centre for further evaluation 

and appropriate treatment. Overweight and obese learners with 

normotension were referred to the dietetics department of their 

local hospitals or Inkosi Albert Luthuli Central Hospital. Inclusion 

criteria for the study  were  all  available  Grade XII learners 

from randomly selected schools in KwaZulu- Natal whose 

parents gave written informed consent and who assented to 

participate in the study.  
 

Exclusion criteria were failure to obtain consent and/or assent to 

participate in the study, learners with known chronic diseases 

such as chronic kidney disease, heart disease, and diabetes that 

were likely to be a known secondary cause of hypertension. 
 

Data Collection  
 

The study team is comprised of nurses and doctors from the 

Nephrology Units (adult and pae- diatric) at the Inkosi Albert 

Luthuli Central Hospital who volunteered to undertake the 

study as part of their commit- ment to the World Kidney Day 

(Theme: “Kidney Disease & Children. Act Early to Prevent 

It!”) commemorated on the 10 March 2016. In addition, 

medically trained staff (nurses and doctors) working in 

peripheral hospitals, private hospital in the Durban Functional 

Region and basic science students undertaking their Masters in 

Science degree from the Uni- versity of KwaZulu-Natal, School 

of Laboratory Medicine, volunteered their services. All data 

were collected on a data sheet and given a case number.  No  

identifiers were used  so that the data was totally anonymous. 

Information was captured on an Excel password protected 

spread sheet using Microsoft Office version 10® and transported 

into an SPSS® statistical package for further statistical analysis. 
 

Statistical Analysis  
Sample Size  
 

The requisite sample size was determined using an estimation of 

population size in the area, with a minimum representative 

sample taken from each school. A sample size of 316 was 

required to estimate the level of hyper- tension in school children 

to within 5% witha probability of 95% and assuming an 
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estimate of 10% hypertension in the population. Since schools 

were the sampling unit, a design factor of 1.5 was used to adjust 

for the correlation within schools which increased the sample 

size to 474. The sample size was also increased by 15% to 

account for incomplete data and consent refusal. Thus, the total 

sample size required for this study was 560 children. 
 

Statistical analysis was performed using the IBM SPSS 

Statistics® software package. Histograms and box-whisker 

plots were used to visually assess data distributions and check for 

outliers. The Kolmogorov-Smirnov test was used to assess 

whether the distributions differ from normal distribution. 

Nonparametric statistics was used to describe and test asso- 

ciations for variables with significantly skewed data, whereas 

parametric and summary statistics were used for variables that 

conform to normal distribution. Comparisons were made 

between hypertensive and nonhypertensive groups using the 

test in case of categorical variables. Continuous variables were 

summarized as a mean ± standard deviation (SD), and 

comparisons  among  the groups were based on the Student t-

test. Differences were considered statistically significant when 

p < 0.05.   Statistical differences were also sought for blood 

pressure  in subjects who were overweight or obese versus those 

that were normal. 
 

Ethical Considerations  
 

Permission to conduct this study was obtained from the 

Provincial Department of Health and Provincial Department of 

Basic Education. The school Principal was informed and 

permission obtained prior tostudy commencement to 

undertake the study on school premises. Ethical approval to 

conduct the study was obtained from the Biomedical Research 

Ethics Committee of the University of KwaZulu-Natal 

(BE032/16). Written informed consent was obtained from 

parents or legal guardians. This was achieved by learners at each 

site being briefed at least two weeks prior to data collection with 

a study information sheet and consent forms attached given to 

learners to hand over to their parents or legal guardian. In 

addition, all learners had to have a signed assent form before 

participation in the study. 
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Table 1: Stratification of hypertension by gender, race, and body mass index. 

 

  Normotensive Prehypertensive Hypertensive 

  n (%) n (%) OR 95% CI p value n (%) OR 95% CI p value 

Total 319 (56.6) 168 (29.8)       77 (13.6)       

Gender                   

Male 97 (47.6) 73 (35.8) 1,8 (1.2 - 2.6) 0,004 34 (16.7) 1,8 (1.1 - 3.0) 0,02 

Female 222 (61.7) 95 (26.4)       43 (11.9)       

Race                   

Black 275 (57.8) 144 (30.2)       57 (12.0)       

Other racial groups 44 (50.0) 24 (27.3) 1,0 (0.6 - 1.8) 0,9 20 (22.7) 2,2 (1.2 - 4.0) 0,01 

BMI                   

Normal 256 (64.2) 105 (26.3)       38 (9.5)       

Overweight 43 (47.8) 32 (35.6) 1,8 (1.1-3.0) 0,02 15 (16.7) 2,4 (1.2-4.6) 0,01 

Obese 20 (26.7) 31 (41.3) 3,8 (2.1-6.9) <0.001 24 (32.0) 8,0 (4.1-16.0) <0.001 

 

BMI: body mass index.Other racial groups: comprised of South African, Indian, White, and mixed race. OR: odds ratio. 

CI: confidence interval. 
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Results  
 
A total of 575 learners were willing to participate and present at 

school on the day of the study. All learners had a detailed history 

taken by the medical officer on site to exclude any chronic 

diseases that may result  in the development of secondary 

hypertension. Eleven parents refused consent and these learners 

were excluded. Complete data for height, weight, BMI, and blood 

pressure was obtained in 564 learners that were included in the 

study (Figure 1). Random glucose and cholesterol were 

measured in 536 learners as 28 refused to have finger prick 

bloods done and spot urinary albumin: creatinine ratios were 

measured in 545 learners as the urine from 19 learners 

unfortunately leaked in transit to the labora- tory. All learners 

were of South African nationality, White. Given the small 

numbers of learners in each of the racial groups other than Black 

Africans, Indian, mixed race, and White learners were grouped 

together as other race groups giving a total of 88 (15,6%) 

learners in this collective group (Figure 1). The mean age of 

learners was 17.8 ± 1.1 years with a range of 16.2 – 21.7 years. 

 

The mean height of the learners was 1.72 ± 0.12 metres (range 

1.62-1.83) for males and 1.61 ± 0.22 metres (range 1.52 – 1.74). One 

hundred and thirty-one (23.2%) learners were <5th percentile for 

age-for-height based on the Center for Disease Control and 

Prevention (CDC) age-and-sex specific growth charts [20]. 
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Figure 1: Study population of Grade XII learners from 15 schools in 5 different 

districts in KwaZulu-Natal. 

 

Prehypertension was detected in 168 (29.7%) and hyper- tension 

in 77 (13.7%) of learners. The rates of elevated blood pressure 

(prehypertension and hypertension combined) in males and 

females were 52.5% and 38.3%, respectively. Males were more 

significantly likely to be prehypertensive com- pared to females 

(35.8% versus 26.4%, OR: 1.8, 95%CI: 1.2- 2.6, p < 0.004), and 

also more likely to be hypertensive (16.7% versus 11.9%, OR: 

1.8, 95% CI: 1.1-3.3, p <   0.02) (Table 1). On comparing Black 

African learners to other racial groups, there was no statistically 

significant difference with prehypertension in both groups. 

However, learners in the other racial groups were more likely to 

be hypertensive compared to Black African learners (22.7% 

versus 12.9%, OR: 2.2 95% CI: 1.2-4.0, p < 0.01). Thus, 

hypertension was significantly associated with race and sex 

(Table 1). None of the learners had a history of taking 

antihypertensive medication or had a previous diagnosis of 

hypertension. 

 

The mean weight was 61.62 ± 14.64 kilograms (range 32.14-

140.32). Fifty-four (9.6%) of learners were <5th per- centile  

and  61  (10.8%)  were  >95  percentile  for age-and sex-specific 
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weight. Three-hundred and ninety-nine (70.7%) had a normal 

BMI, 90 (15.9%) were overweight, and 75 (13.3%) were 

classified as obese. None had a BMI >35 kg/m2. Females were 

more likely to be overweight than males (OR: 1.4, 95%CI: 1.9-

2.3, p < 0.02) and also more likely to be obese (OR: 1.8, 95% CI: 

1.0-3.1, p < 0.04). On comparing Black African learners to 

those from other racial groups, the latter group was more likely 

to be overweight (OR: 2.2, 95% CI: 1.3- 3.9, p < 0.004); however 

there were similar rates of obesity in both groups (OR: 1.2, CI 

0.6-2.5, p < 0.5) (Table 1). 
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Table 2: Stratification of hypertension by body mass index, sex, and race. 

 

    Normotensive Prehypertensive Hypertensive 

    n (%) n (%) OR 95% CI p value n (%) OR 95% CI p value 

Black African1 BMI 275 (57.8) 144 (30.3)       57 (12.0)       

Normal 224 (64.7) 90 (26.0)       32 (9.3)       

Overweight 35 (52.2) 24 (35.8) 1.7 1.0-3.0 0.07 8 (11.9) 1.6 0.7-3.7 0.3 

Obese 16 (25.4) 30 (47.6) 4.7 2.4-9.0 <0.001 17 (27.0) 7.4 3.4-16.2 <0.001 

Males BMI 97 (47.6) 73 (35.8)       34 (16.7)       

Normal 81 (51.9) 56 (35.9)       19 (12.2)       

Overweight 10 (35.7) 11 (39.3) 1.6 0.6-4.0 0.3 7 (25.0) 3.0 1.0-8.9 0.049 

Obese 6 (30.0) 6 (60.0) 1.4 0.4-4.7 0.5 8 (40.0) 5.7 1.8-18.3 0.004 

Females BMI 222 (61.7) 95 (26.4)       43 (11.9)       

Normal 175 (72.0) 49 (20.2)       19 (7.8)       

Overweight 33 (53.2) 21 (33.9) 2.3 1.2-4.3 0 8 (12.9) 2.2 0.9-5.5 0.02 

Obese 14 (25.5) 25 (45.5) 6.4 3.1-13.2 <0.001 16 (29.1) 10.5 4.5-24.9 <0.001 

 
OR: odds ratio. 

CI: confidence interval. 

1 Other racial groups not included because of the small sample size. 
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Both prehypertension and hypertension in all learners were 

associated with significantly higher BMI (Table 1). 

Prehypertension was 26.3% in learners with a normal BMI; 

35.6% in those that were overweight; and 41.3% in obese 

learners (OR: 1.8, 95% CI 1.1-.30, p < 0.02 and OR: 3.7, 95% CI: 

2.0-6.9, p < 0.001), respectively. Hypertension was 9.5% in 

learners with normal BMI; 16.7% in learners that were 

overweight; and 32.0% in obese learners (OR: 2.4, 95%CI: 1.2-

4.6, p < 0.01 and OR: 8.1, 95% CI: 4.1-16.0, p < 0.001), 

respectively. 

 

When stratified for race, there was no association of 

prehypertension or hypertension in Black African learners who 

were overweight when compared to those with normal BMI 

(OR: 1.6, 95% CI: 0.7-3.7,  p > 0.07). However, both 

prehypertension and hypertension in Black African learners were 

significantly associated with obesity (OR: 4.7, 95% CI: 2.4-9.0, p 

< 0.001; OR: 7.4, 95% CI: 2.4-9.0, p < 0.001), respectively 

(Table 2). In learners in other racial groups, only hypertension was 

significantly associated with overweight (OR: 4.7, 95% CI 1.2-

17.8, p < 0.02) and obesity (OR: 9.3, 95% CI: 2.1-42.1, p < 0.004). 

However, given the small numbers of learners in this group, the 

results must be treated with reserve. When hypertension and BMI 

were stratified by sex, both hypertension and hypertension were 

associated with overweight and obesity in females. However, in 

males only hypertension was associated with overweight and 

obesity (Table 2). 

 

Hypercholesterolaemia was present in 58 (10.8%) of 536 learners. 

Thirty-four (6.3%) of learners with hypercholestero- laemia had 

normal blood pressure, 11 (2.1%) prehypertension, and 13 (2.4%) 

hypertension. Female learners in the other racial groups and 

overweight and obese learners showed   an association with 

hypercholesterolaemia (Table 3). Only 6 (1.0%) of the 559 

learners had all necessary criteria for the metabolic syndrome. 

There was no significant association when adjusted for race or 

sex.  

 

Only 5 (1.0%) of 545 learners tested had a spot random urine 

albumin: creatinine ratio that was high. There was no significant 
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association between learners with a high albumin: creatinine ratio 

and prehypertension or hypertension, sex, race, or BMI. Also, 

none of the learners had an abnormal blood glucose level. 

 

Hypercholesterolaemia, random blood glucose, and spot urine 

albumin: creatinine ratios showed no signs of associ- ated risk 

with hypertension. 

 

Discussion  
 
In our study, we found a high rate of prehypertension (29.7%) and 

hypertension (13.7%) in Grade XII learners in KwaZulu- Natal, 

South Africa. This is much higher than a report in a previous 

study undertaken by Bhimma et al. in the central Phoenix 

Region of KwaZulu-Natal, South Africa, in 2012; the 

prevalence of prehypertension and hypertension among school-

going children aged ≥6 to <18 years was estimated to be 2.1% 

and 2.6%, respectively [15]. However in a study undertaken in 

grades 11 and 12 (i.e., pre- and matriculation years) in 10 

schools (nine public schools and one private school) in nine 

provinces in South Africa over a ±9–10-year period, with more 

than 96% of learners being Black African, and mostly from 

penurious backgrounds, hypertension was reported in 12% of 

females and 16% of males [24], very similar to the findings in 

our study. Rates of hypertension in sub-Saharan Africa have 

been noted to be increasing among adults [25–27]. 
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Table 3: Stratification of cholesterol by hypertension, sex, race, and BMI. 

 

  Cholesterol (n = 536) (missing = 28)   

  Normal 

(<4.5) 

Abnormal 

(>=4.5) 

Total p value 

  n % n % n   

Cholesterol 478 89% 58 11% 536   

Hypertension             

Both normal 269 89% 34 11% 303 0,06 

Prehypertensive 146 93% 11 7% 157   

Hypertensive 63 83% 13 17% 76   

Sex             

Male 186 93% 13 7% 199 0,01 

Female 292 87% 45 13% 337   

Race             

African 414 92% 34 8% 448 <0.001 

Other racial groups 64 73% 24 27% 88   

BMI             

Normal 348 93% 28 7% 376 < 

0.001 

Overweight 73 83% 15 17% 88   

Obese 57 79% 15 21% 72   

 

Other racial groups: comprised of South African, Indian, White, and mixed race. 

 

Detection of hypertension in children is important as     it has 

been shown to have potentially severe consequences such as 

target organ damage including left ventricular hyper- trophy, 

kidney damage and progression of  chronic  kid-  ney disease, 

accelerated pathological vascular changes, and subtle 

neurological effects like reduced cognitive function [28,29]. 

Whilst no long-term cohort studiers have directly linked 

hypertension in childhood to cardiovascular events in adults, it is 

well known that hypertension in child-  hood and adolescents 

tracks hypertension into adulthood [30]. 

 

Our study also found 15.9% of Grade XII learners to   be 

overweight and 13.3% to be obese with females and learners 

from other racial groups being more likely to  be overweight or 

obese. These findings are in line with other data from South 
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Africa [31–33]. Previous studies have shown that the strongest 

risk factor for hypertension in childhood is obesity, male sex, and 

a family history of hypertension [7,34]. These findings are 

supported by our study in which we showed overweight and 

obese learners to be more likely to be both prehypertensive and 

hypertensive compared to learners with normal weights as 

determined by BMI. Also, we showed that males were more 

likely to be both prehypertensive and hypertensive compared to 

female learners. 

 

In adults, the rising rate of hypertension in sub-Saharan Africa 

has been associated with the rising rates of obesity, particularly in 

urban areas [10,11]. These high rates of obesity- associated 

hypertension are probably due to the epidemiological transition to 

a more Westernised lifestyle with increased television viewing, 

Internet surfing and smart phones games, and other applications, 

leading to a more sedentary lifestyle, as well as dietary habits 

consisting of mainly processed foods. Indeed, a high 

consumption of energy-dense diets and a sedentary lifestyle 

account for the increasing burden of overweight and obesity in 

urban settings and now have also infiltrated into less developed 

areas [35]. There is substantial evidence that the risk of 

noncommunicable diseases such   as coronary heart disease, 

ischaemic stroke, and type 2 diabetes mellitus increases steadily 

with increasing BMI [36]. 

 

The increasing prevalence of obesity is projected to increase 

worldwide to 50% and 60% by 2030 and 2050, respectively 

[37]. Although rates of hypertension are less clear, increasing 

BMI has been consistently associated with rising blood pressure 

throughout childhood [38–40]. This strong association of 

obesity-associated hypertension in less developed countries 

portends that these nations face similar difficulties to developed 

nations in overcoming lifestyle choices in combating obesity 

and hypertension. 

 

In our study, there was no association of race on the rates of 

prehypertension in Grade XII learners. However, learners 

classified as belonging to other racial groups were more likely 

to be hypertensive compared to Black African learners (22.7% 
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versus 12.0%, p < 0.01). This high risk for hypertension among 

minority groups (excluding Asians) has been demonstrated in 

several other studies [18,41–43]. Our study had very few White 

learners and no Hispanic learners. 

 

To help formulate strategies that will provide guidelines to 

regional health care policy makers submissions will also be 

made to the Department of Education and Department   of 

Health to advise health care teams to do routine health 

screening in all learners, including blood pressure measure- 

ments. In addition, to sensitize health care workers to this 

looming epidemic, the data will be presented at local and 

international congresses, placed on hospital websites, as well as 

submitted to the lay press. 

 

Study Limitations  
 
This study has some limitations. Firstly, the criteria for the 

definition of hypertension in children are arbitrary and to    a 

certain extent artificial. We used normative data from blood 

pressure in children and adolescents based on the Fourth Report 

on the Diagnosis, Evaluation, and Treatment of High Blood 

Pressure in Children and Adolescents [21]. Whether these 

normative data are applicable to children and adolescents in other 

parts of the world or to different ethnic backgrounds is unknown. 

Secondly, the numbers of Grade XII learners in the category other 

racial groups were relatively small (88 learners) and therefore 

comparisons may not have been sufficiently powered to show 

significant differences. Thirdly,  in common with other studies 

[11,44,45], we  used the average of three blood pressure  

measurements at a single visit taken at least five minutes apart 

with  the leaner at rest. Ideally for the diagnosis of hypertension, 

blood pressure should be measured on at least three separate 

occasions with sustained systolic or diastolic blood pressure 

measurements above the 95th percentile for a respondent   to be 

classified as hypertensive [21]. It is possible that the prevalence 

of hypertension would have been lower where these criteria were 

used to determine hypertension [46]. Fourthly we used BMI as 

the sole measure of obesity as in other reports [11,12,47,48]. For 

more specific assessment of fat mass, other measurements 
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estimating adiposity such as waist circumference, bioelectrical 

impedance, and MRI can be used. However for population-based 

studies, BMI correlates well with these other measures and 

remains widely used as a definition of obesity in hypertension 

research [11, 12, 47, 48]. Fifthly we were not able to accurately 

document levels of physical activity and substance abuse and 

consumption  of processed food, all of which are variables 

indicative of hypertensive risk. Sixthly we could not accurately 

document the role of family history in our learners as many were 

unsure of the parents’ blood pressure status and in many 

instances, parents failed to disclose their illnesses on the 

questionnaire form. 

 

Conclusion 
 
Our study showed a high prevalence of overweight and obesity 

as risk factors to prehypertension and hypertension in Grade XII 

learners in KwaZulu-Natal. To overcome this health care 

professionals, health authorities, and govern- ments will need to 

educate learners on major lifestyle changes including inter alia 

improved dietary habits, doing more exercise with increased 

participation in sports, and encour- aging to desist from smoking 

and others such unsavoury habits. 

 

References  
 
1. PB Balagopal, SD de Ferranti, S Cook. Nontradi- tional risk 

factors and biomarkers for cardiovascular disease: 

mechanistic, research, and clinical considerations for youth: 

a scientific statement from the american heart association. 

Circulation. 2011; 123: 2749–2769. 

2. ML Hansen, PW Gunn, DC Kaelber. Underdiagnosis of 

hypertension in children and adolescents. Journal of the 

American Medical Association. 2007; 298: 874–879. 

3. RJ Cunningham. Is pediatric hypertension underdiag- 

nosed? Nature Clinical Practice. Cardiovascular Medicine. 

2008; 5: 128-129. 

4. B Falkner. Hypertension in children and adolescents: 

epidemi- ology and natural history. Pediatric Nephrology. 

2010; 25: 1219–1224. 



Prime Archives in Cardiology 

21                                                                                www.videleaf.com 

5. S Cook, M Weitzman, P Auinger, M Nguyen, WH Dietz. 

Prevalence of a metabolic syndrome phenotype in 

adolescents: findings from the Third National Health and 

Nutrition Examination Survey, 1988–1994. JAMA 

Pediatrics. 2003; 157: 821–827. 

6. CL Williams, LL Hayman, SR Daniels. Cardiovas- cular 

health in childhood: a statement for health professionals 

from the Committee on Atherosclerosis, Hypertension, and 

Obesity in the Young (AHOY) of the Council on 

Cardiovascular Disease in the Young, American Heart 

Association. Circulation. 2002; 106: 143–160. 

7. VA Moyer. Screening for primary hypertension in children 

and adolescents: U.s. Preventive services task force 

recommendation statement. Pediatrics. 2013; 132: 907–914. 

8. J Sorof, S Daniels. Obesity hypertension in children: a 

problem of epidemic proportions. Hypertension. 2002; 40: 

441–447. 

9. M Cali, S Caprio. Obesity in children and adolescents. The 

Journal of Clinical ndocrinology & Metabolism. 2008; 93: 

31–36. 

10. R BeLue, TA Okoror, J Iwelunmor. An overview of 

cardiovascular risk factor burden in sub-Saharan African 

countries: a socio-cultural perspective. Globalization and 

Health. 2009;  5, article 10. 

11. Z Salman, GD Kirk, MD Deboer. High rate of obesity- 

associated hypertension among primary schoolchildren in 

Sudan. International Journal of Hypertension. 2011; 2011. 

12. JM Sorof, D Lai, J Turner, T Poffenbarger, RJ Portman. 

Overweight, ethnicity, and the prevalence of hypertension 

in school-aged children. Pediatrics. 2004; 113: 475–482. 

13. SAG Lava, MG Bianchetti, GD Simonetti. Salt intake in 

children and its consequences on blood pressure. Pediatric 

Nephrology. 2015; 30: 1389–1396. 

14. J Brwon, I Tzoulaki, V Candeias, P Elliot. Salt intakes 

around the world: implications for public health. 

International Journal of Epidemiology. 2009; 38: 791–813. 

15. Rajendra Bhimma, Elaene Naicker, Verena Gounden, 

Louansha Nandlal, Cathy Connolly, et al. Hypertension 

prevalence and risk factors in children and adolescents of 

school-going age in the Phoenix Area, Durban, South 



Prime Archives in Cardiology 

22                                                                                www.videleaf.com 

Africa. Pediatric nephrology. 2014. 

16. Magda Antal, Andrea Regöly-Mérei, Katalin Nagy, Erika 

Greiner, Lajos Biró, et al. Representative study for the 

evaluation of age- and gender-specific anthropometric 

parameters and blood pressure in an adolescent Hungarian 

population. Annals of Nutrition and Metabolism. 2004; 48: 

307–313. 

17. E Saleh. Hypertension and its determinants among primary- 

school children in Kuwait: an epidemiological study. 2000. 

18. R Din-Dzietham, Y Liu, MV Bielo, F Shamsa. High blood 

pressure trends in children and adolescents in national 

surveys, 1963 to 2002. Circulation. 2007; 116: 1488–1496. 

19. P Kardas, M Kufelnicka, D Herczyn´ski, K Kawecka- 

Jaszcz. Prevalence of arterial hypertension in children aged 

9- 14 years, residents of the city of Ło´dz. Kardiologia 

Polska. 2005; 62: 211–217. 

20. CL Ogden. Defining overweight in children using growth 

charts. Maryland medicine : MM : a publication of 

MEDCHI, the Maryland State Medical Society. 2004; 5: 

19–21. 

21. B. Falkner, S. R. Daniels, J. T. Flynn et al. The fourth report 

on the diagnosis, evaluation, and treatment of high blood 

pressure in children and adolescents. Pediatrics. 2004; 114: 

555– 576. 

22. D Batisky. Blood pressure variability, prehypertension, and 

hypertension in adolescents. Adolescent Health, Medicine 

and Therapeutics. 2012; 3:  43-50. 

23. National High Blood Pressure Education Program Working 

Group Report on Hypertension in the Elderly. National 

High Blood PressureEducation Program Working Group. 

Hypertension. 1994; 23:  275–285. 

24. S Carr, D Elliot. Otorhinolaryngology: Anesthesic 

Considerations, in Pediatric Anesthesia Basic Principles 

State of Art-Future. B. Bissonnette, Ed., p. 1707.  PMPH-

USA, 1st edn. 2011. 

25. Addo, L Smeeth, DA Leon. Hypertension in sub Saharan 

Africa: a systematic review. Journal of Hypertension. 2007; 

50: 1012–1018. 

26. YK Seedat. Recommendations for hypertension in sub- 

Saharan Africa. Cardiovascular Journal of Africa. 2004; 15: 



Prime Archives in Cardiology 

23                                                                                www.videleaf.com 

157-158. 

27. HH Vorster. The emergence of cardiovascular disease 

during urbanisation of Africans. Public Health Nutrition. 

2002; 5: 239–243. 

28. Marc B Lande, Heather Adams, Bonita Falkner, Shari R 

Waldstein, George J Schwartz, et al. Parental Assessments 

of Internalizing and Externalizing Behavior and Executive 

Function in Children with Primary Hypertension. Journal of 

Pediatrics. 2009; 154: 207–212. 

29. CM Gallibois, NA Jawa, DG Noone. Hypertension in 

pediatric patients with chronic kidney disease: Management 

challenges. International Journal of Nephrology and 

Renovascular Disease. 2017; 10: 205–213. 

30. American Academy of Pediatrics. National high blood pres- 

sure education program working group on high blood 

pressure in children and adolescents. Pediatrics. 2004; 114. 

31. MEG Armstrong, MI Lambert, KA Sharwood, EV Lambert. 

Obesity and overweight in South African primary school 

children the health of the nation study. South African 

Medical Journal. 2006; 96: 439–444. 

32. SP Reddy, K Resnicow, S James, N Kambaran, R 

Omardien, et al. Underweight, overweight and obesity 

among South African adolescents: Results of the 2002 

National Youth Risk Behaviour Survey. Public Health 

Nutrition. 2009; 12: 203–207. 

33. Mukuddem-Petersen, H Salome Kruger. Association 

between stunting and overweight among 10-15-y-old 

children in the North West Province of South Africa: The 

THUSA BANA Study. International Journal of Obesity. 

2004; 28: 842– 851. 

34. B Aliarzadeh, C Meaney, R Moineddin. Hypertension 

screening and follow-up in children and adolescents in a 

Canadian primary care population sample: a retrospective 

cohort study. CMAJ Open. 2016; 4: E230–E235. 

35. Y Tebekaw, C Teller, U Colo´n Ramos. The burden of 

underweight and overweight among women in Addis 

Ababa, Ethiopia. BMC Public Health. 2014; 14, article no. 

1126. 

36. Global WHOO Sat, HOG data. World Health Organization. 

Obesity. Situation and trends. Available Online at: 



Prime Archives in Cardiology 

24                                                                                www.videleaf.com 

http://www.who.int/gho/ ncd/risk factors/obesity text/en/. 

37. Africa ADBUi. African Development Bank. Urbanization 

in Africa. 2012. Available Online at: 

https://www.afdb.org/en/blogs/afdbchampion- ing-

inclusive-growth-across-africa/post/urbanization-in-africa- 

10143/. 

38. JT Flynn. Pediatric hypertension: Recent trends and 

accomplishments, future challenges. American Journal of 

Hypertension. 2008; 21: 605–612. 

39. R Lauer, LA Barnes, R Clark. Highlights of the report of 

the expert panel on blood cholesterol levels in children and 

adolescents. American Family Physician.1992; 45: 2127– 

2136. 

40. RV Luepker, DR Jacobs, RJ Prineas, AR Sinaiko. Secular 

trends of blood pressure and body size in a multi-ethnic 

adolescent population: 1986 to 1996. Journal of Pediatrics. 

1999; 134: 668–674. 

41. Chen, N Simonsen, L Liu. Racial differences of pediatric 

hypertension in relation to birth weight and body size in the 

United States. PLoS ONE. 2015; 10, Article ID e0132606. 

42. P Muntner, A Arshad, SA Morse. End-stage renal disease in 

young black males in a black-white population: 

Longitudinal analysis of the Bogalusa Heart Study. BMC 

Nephrology. 2009; 10, article no. 40. 

43. W Voors, TA Foster, RR Frerichs, LS Webber, GS 

Berenson. Studies of blood pressures in children, ages 5 to 

14 years, in a total biracial community. The Bogalusa heart 

study. Circulation. 1976; 54: 319–327. 

44. Agyemang, WK Redekop, E Owusu-Dabo, MA 

Bruijnzeels. Blood pressure patterns in rural, semi-urban 

and urban children in the Ashanti region of Ghana, West 

Africa. BMC Public Health. 2005; 5, article no. 114. 

45. W E Moore, JE Eichner, EM Cohn, DM Thompson, CE 

Kobza, et al. Blood pressure screening of school children in 

a multiracial school district: The healthy kids project. 

American Journal of Hypertension. 2009; 22: 351–356. 

46. Chiolero, F Cachat, M Burnier, F Paccaud, P Bovet. 

Prevalence of hypertension in schoolchildren based on 

repeated measurements and association with overweight. 

Journal of Hypertension. 2007; 25: 2209–2217. 



Prime Archives in Cardiology 

25                                                                                www.videleaf.com 

47. SR Daniels, PR Khoury, JA Morrison. The utility of body 

mass index as a measure of body fatness in children and 

adolescents: Differences by race and gender. Pediatrics. 

1997; 99: 804–807. 

48. KL McNiece, TS Poffenbarger, JL Turner, KD Franco, JM 

Sorof, et al. Prevalence of Hypertension and Pre 

Hypertension among Adolescents. Journal of Pediatrics. 

2007; 150: 640–e1. 


