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ABSTRACT:

Background: Adolescent hypertension-range blood pressure is an important early
cardiovascular risk marker. This study aimed to estimate the prevalence of hypertension-
range blood pressure among adolescents at one Egyptian secondary school and evaluate
associated demographic and lifestyle factors.

Methods: This cross-sectional study used census sampling and included 337 students
aged 13—17 years at El-Sadat Secondary School, El-Ghatbia, Egypt; the minimum required
sample was 114. Blood pressure was measured three times under standardized conditions
during one school assessment and classified according to the 2017 American Academy of
Pediatrics guideline. Prevalence with a 95% confidence interval (CI), exact tests, and

modified Poisson regression with robust variance were used.

Results: The mean age was 15.02 = 1.34 years; 204 students were male (60.53%). Mean
SBP was 109.9 £ 12.4 mmHg and mean DBP was 67.7 = 6.6 mmHg. Hypertension-range
BP was detected in 50 students (14.84%; 95% CI, 11.45%-19.02%). In unadjusted
analyses, male sex, parental smoking, salty diet, and physical inactivity were associated with
hypertension-range BP (all P<0.001). In the adjusted model (n=330), parental smoking
(adjusted prevalence ratio [aPR], 4.05; 95% CI, 2.12—7.72) and physical inactivity (aPR,
3.40; 95% CI, 2.04-5.65) remained independently associated; sex, age, and BMI were not
significant.

Conclusions: Hypertension-range BP was common among adolescents at the
participating school. Parental smoking and physical inactivity were independently
associated with the outcome. Multicenter studies using repeated-visit or ambulatory

confirmation are needed before generalizing these findings.

Hypertension is a major global public health problem, with a steadily increasing burden over recent decades !. Blood pressure

(BP) levels in childhood and adolescence are strongly linked to BP levels in adulthood, suggesting that early-life BP elevation

may represent the beginning of a lifelong cardiovascular risk trajectory. This is clinically important because hypertension during
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youth has been associated with later atherosclerotic cardiovascular disease, premature mortality, and subclinical target organ
damage (TOD) 2.

Recognition of pediatric and adolescent hypertension has improved substantially after the publication of the 2017 American
Academy of Pediatrics (AAP) clinical practice guideline for screening and management of high BP in children and adolescents.
This guideline updated normative BP tables by excluding overweight and obese children and introduced simplified static BP
thresholds for adolescents aged 13 years or older, aligning adolescent BP classification more closely with adult recommendations
from the American Heart Association (AHA) and American College of Cardiology (ACC). These changes have increased the
sensitivity of detecting adolescents with elevated cardiometabolic risk, including obesity, dyslipidemia, prediabetes, and BP-
related TOD 34,

Accurate diagnosis of hypertension in adolescents remains essential because clinic BP measurements may be influenced by
measurement conditions and transient physiological or emotional factors. For this reason, ambulatory blood pressure
monitoring (ABPM), which records multiple BP readings over 24 hours, is recommended by the AAP to confirm hypertension
in children and adolescents suspected to have high BP on clinic measurements °. Nevertheless, school-based BP screening
remains a practical and important approach for early detection, particulatly in settings where routine adolescent cardiovascular

risk assessment is limited ©.

Despite the growing recognition of adolescent hypertension worldwide, data from Egyptian school populations remain limited
7.8, School-based estimates can support local screening, but their interpretation should reflect the sampling frame and the need
for confirmatory BP assessment. Therefore, this study aimed to estimate the prevalence of hypertension-range BP among

adolescents at El-Sadat Secondary School and examine associated demographic and lifestyle factors.

PARTICIPANTS AND METHODS
Study design and setting

This cross-sectional study was carried out among 337 adolescent students at El-Sadat Secondary School, El-Gharbia, Egypt,
from October 2022 to May 2023. All students in the school-level sampling frame who met the eligibility criteria were approached
using census sampling. The minimum sample size was calculated with the single-population proportion formula,
n=72p(1—p)/d>?, using 95% confidence (Z=1.96), an anticipated prevalence of 7.6% from Daniel et al. 19, and 5% absolute
precision. The initial estimate was 108; after a 5% allowance for nonresponse, the minimum required sample was 114. The 337
enrolled students exceeded this requirement. The study was approved by the Ethics Committee of the Faculty of Medicine, Ain
Shams University (Approval number: ). Written informed consent was obtained from all participants before

enrollment, and adequate measures were taken to maintain privacy and confidentiality of the collected data.
Eligibility criteria

Adolescent students aged 13 to 17 years of both sexes were eligible for inclusion. Students with congenital heart disease and

those receiving medications that could increase or decrease BP were excluded from the study.
Clinical assessment

All enrolled students underwent full history taking, with special emphasis on student smoking, parental smoking, physical

activity, and dietary salt intake. Lifestyle-related factors were recorded for comparison according to BP status.
Blood pressure (BP) assessment

BP was measured under standardized conditions during one school visit. Students were calm before measurement, had an
empty bladder, and were not smoking before assessment. BP was measured three times using both palpatory and auscultatory
methods. Measurements were performed using a Riester standard clinical aneroid sphygmomanometer and a Littmann Classic
IT stethoscope, with the student in a sitting position and the right arm supported on the table.

BP was classified according to the 2017 American Academy of Pediatrics (AAP) clinical practice guideline 3. Because all
participants were aged 13 years ot oldet, hypertension-range BP was defined as systolic BP of 130 mmHg or higher and/ot
diastolic BP of 80 mmHg or higher. Stage 1 hypertension-range BP was defined as 130-139/80-89 mmHg, and stage 2 as
140/90 mmHg ot higher. Because measutements were obtained during a single school assessment without ambulatory or

separate-visit confirmation, the outcome is reported as hypertension-range BP rather than confirmed hypertension.
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Anthropometric assessment

Body weight was measured using a Seca digital scale with a capacity of 200 kg and an accuracy of 0.1 kg. Body height was
measured using a Seca microtoise with a capacity of 200 cm and an accuracy of 0.1 cm. Students were asked to remove footwear

and hair accessories before measurement.

Body mass index (BMI) was calculated and assessed according to the World Health Organization (WHO) growth reference for
children and adolescents aged 5-19 years using WHO AnthroPlus software version 1.0.4. Nutritional status was classified
according to BMI-for-age as normal weight, overweight, or obese.

Physical activity assessment

Physical activity was assessed using the Physical Activity Questionnaire for Adolescents (PAQ-A). This self-administered 7-day
recall questionnaire evaluates participation in different physical activities, including activities during physical education classes.
Students were classified as less active when the PAQ-A score ranged from 1 to 2 points and active when the score ranged from

3 to 5 points.

Laboratory investigations

Laboratory investigations included utine analysis, kidney function tests, albumin/creatinine ratio, and serum albumin.
Outcomes

The primary outcome was the prevalence of hypertension-range BP, defined as systolic BP of 130 mmHg or higher and/or
diastolic BP of 80 mmHg or higher during the school assessment, according to the 2017 AAP guideline 3. Secondary outcomes
were associations of hypertension-range BP with sex, age, BMI, parental smoking, dietary salt intake, and physical activity.

Statistical methods

Statistical analysis was performed using SPSS version 26 (IBM Inc., Chicago, Illinois, United States). Continuous variables were
presented as mean and SD and compared between groups using Welch’s t-test. Categorical variables were presented as
frequency and percentage and compared using Pearson’s Chi-square test or Fishet’s exact test when any expected cell count
was less than five. Hypertension-range BP prevalence was reported with a 95% Wilson confidence interval. Crude prevalence
ratios (PRs) and 95% ClIs were calculated, and adjusted PRs were estimated using modified Poisson regression with robust
variance 9. The prespecified adjusted model included sex, age, BMI, parental smoking, and physical inactivity. Dietary salt intake
was not entered into the adjusted model because no hypertension-range BP events occurred in the non-salty-diet group,
producing complete separation. Complete-case analysis was used for parental smoking (n=336), with no imputation. Student-
smoking values were missing for 278 of 337 participants and were excluded from between-group analyses. A two-tailed P-value
less than 0.05 was considered statistically significant.

RESULTS
Demographic and lifestyle characteristics of the studied students are shown in Table 1.

Table 1: Demographic and lifestyle characteristics of the studied students (n = 337; available-case denominators shown)

Demographic & lifestyle characteristics

Age (yeats) Mean +SD 15.02 +£1.34
Sex

Males n (%) 204 (60.53)
Females n (%) 133 (39.47)
Weight (kg) Mean +SD 68.0 £4.57
Height (cm) Mean +SD 165.4 £3.37
BMI (kg/m?) Mean +SD 24.89 £2.03
Parental smoking n (%) 175/336 (52.08)
Student smoking (available n=59) n (%) 35 (59.32)
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Salty diet n (%) 137 (40.65)
Regular physical activity n (%) 249 (73.89)
Missing student-smoking data n (%) 278 (82.49)

n: number, SD: standard deviation, BMI: body mass index.

The mean systolic BP was 109.9 £ 12.4 mmHg, while the mean diastolic BP was 67.7 £ 6.6 mmHg. Hypertension-range BP
was identified in 50 students, representing 14.84% of the study sample (95% CI, 11.45%—19.02%), whereas 287 students
(85.16%) had BP below the hypertension threshold (Table 2).

Table 2: Blood pressure profile and prevalence of hypertension-range BP among the studied students (n = 337)

BP profile & prevalence of hypertension-range BP

SBP (mmHg) Mean *SD 109.9 £12.4
DBP (mmHg) Mean +SD 67.7 £6.6
Hypertension-range BP (95% CI, 11.45-19.02%)

Yes n (%) 50 (14.84)
No n (%) 287 (85.16)

n: number, SBP: systolic blood pressure, DBP: diastolic blood pressure, SD: standard deviation, CI: confidence interval.

Age was similar between students with and without hypertension-range BP (15.06 = 1.19 vs. 15.01 * 1.36 years; P=0.791).
Weight, height, and BMI also did not differ significantly. Males represented 86.00% of students with hypertension-range BP
and 56.10% of those below the threshold (unadjusted P<0.001), although male sex was not independently associated after
adjustment (aPR, 1.17; 95% CI, 0.60-2.28; P=0.6306) (T'able 3).

Table 3. Demographic characteristics according to hypertension-range BP status

Hypertension-range BP (n=50)  Below threshold (n=287) P-value
Age (years) Mean *+SD 15.06 £1.19 15.01 £1.36 0.791
Sex
Males n (%) 43 (86.00) 161 (56.10)
Females n (%) 7 (14.00) 126 (43.90) <0001
Weight (kg) Mean +SD 68.91 £4.68 67.85 +4.55 0.143
Height (cm) Mean *+SD 166.20 £3.19 165.27 £3.38 0.061
BMI (kg/m?) Mean £SD 24.99 £2.15 24.88 £2.01 0.734

n: number, SD: standard deviation, BMI: body mass index, aPR: adjusted prevalence ratio, CI: confidence interval.

Hypertension-range BP prevalence was higher among students exposed to parental smoking than among unexposed students
(24.57% vs. 4.35%; crude PR, 5.65; 95% CI, 2.62-12.20) and among physically inactive compared with active students (34.09%
vs. 8.03%; crude PR, 4.24; 95% CI, 2.55-7.07).

All 50 hypertension-range BP events occurred among students reporting a salty diet (Fisher’s exact P<0.001). In the adjusted
model, parental smoking (aPR, 4.05; 95% CI, 2.12-7.72; P<0.001) and physical inactivity (aPR, 3.40; 95% CI, 2.04-5.65;
P<0.001) remained independently associated, whereas male sex, age, and BMI did not. Student smoking was excluded from
between-group analysis because of extensive missing data (T'able 4).

Table 4: Crude and adjusted associations with hypertension-range BP

Factor Category/status  Hypertension-range BP, n/N (%) PR (95% CI); P-value
Sex
Male 43/204 (21.08)
Female 7/133 (5.26)
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Crude association 4.00 (1.86-8.64); P<0.001
Parental smoking
Yes 43/175 (24.57)
No 7/161 (4.35)
Crude association 5.65 (2.62-12.20); P<0.001
Salty diet
Yes 50/137 (36.50)
No 0/200 (0.00)
Exact comparison PR not estimable; Fisher P<0.001
Physical activity
Inactive 30/88 (34.09)
Active 20/249 (8.03)
Crude association 4.24 (2.55-7.07); P<0.001
Adjusted modified Poisson model (n=336)
Parental smoking Yes vs. no aPR 4.05 (2.12-7.72) <0.001
Physical inactivity ~ Inactive vs. active aPR 3.40 (2.04-5.65) <0.001
Male sex Male vs. female aPR 1.17 (0.60-2.28) 0.636

n: number, PR: prevalence ratio, aPR: adjusted prevalence ratio, CI: confidence interval. The adjusted model included sex, age,
BMI, parental smoking, and physical inactivity (complete-case n=3306). Salt intake was excluded from the adjusted model
because of complete separation. Student-smoking values were missing for 278 participants and were excluded from inferential

analysis.
DISCUSSION

This cross-sectional study included 337 adolescent students aged 13—17 years from one Egyptian secondary school using a
school-level census approach. The mean age was 15.02 £ 1.34 years, with males representing 60.53% and females 39.47% of
the sample. The mean weight was 68.0 + 4.57 kg, mean height was 165.4 + 3.37 cm, and mean BMI was 24.89 £ 2.03 kg/m?
Hypertension-range BP was identified in 50 students, corresponding to 14.84% (95% CI, 11.45%—19.02%). The mean SBP was
109.9 £ 12.4 mmHg, while the mean DBP was 67.7 + 6.6 mmHg,

In line with our findings, Hassan et al. 1 conducted a cross-sectional study among 618 school adolescents aged 12—17 years in
three villages in Fayoum Governorate to estimate the prevalence of elevated BP according to the American Academy of
Pediatrics guideline. They reported that males represented 58.9% and females 41.1%, which was close to the sex distribution in
the present study. However, their reported demographic distribution differed from the present study regarding age and BMI

categories, as most adolescents were within the older adolescent age group and most had BMI values within the normal range.

In parallel, Kurnianto et al. ' conducted a cross-sectional study on 1200 adolescents aged 13—18 years from twelve senior high
schools in Palembang, South Sumatera, Indonesia. They evaluated hypertension prevalence using the new AAP guideline and
assessed associated factors. Their participants were aged 14—17 years, which was comparable to the age range in the present
study. However, their sex distribution differed, as males represented 36.8% and females 63.2%, while the present study included
a higher proportion of males.

Farrag et al. 12 conducted a cross-sectional observational study on 2895 students from 10 public Egyptian universities
representing different geographic areas, including Cairo, the Nile Delta, coastal regions, and Upper Egypt. They evaluated
obesity and cardiovascular risk factors among university students and reported that most students had BMI below 25 kg/m?.
The mean BMI in the present school sample was 24.89 + 2.03 kg/m?; direct comparison is limited by the different age groups
and BMI assessment approaches.

Against the present study, Galal et al. 13 conducted a cross-sectional study among 234 preparatory school children aged 12-14
years in Cairo. Their sample included 167 females and 67 males, which contrasts with the male predominance in the present
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study. They also reported a lower mean age of 12.5 £ 0.6 years compared with the present study. Their mean weight was 62.9
t 17.0 kg and mean height was 161.2 = 9.0 cm, which were lower than the corresponding mean values in the present study.

In the unadjusted analyses, male sex, parental smoking, salty diet, and physical inactivity were associated with hypertension-
range BP. After adjustment for sex, age, BMI, patrental smoking, and physical inactivity, parental smoking and physical inactivity
remained independently associated, whereas sex, age, and BMI did not. Salt intake could not be included in the adjusted model
because no events occurred among students reporting no salty diet. Student-smoking data were too incomplete for a valid
between-group comparison, and family-history results were not retained because that variable was absent from the master
dataset.

Comparably, Hassan et al. '° reported a high frequency of parental smoking and physical activity among school adolescents.
They found that 58.9% of parents were smokers and 90.1% of students practiced physical activity. This agrees with the
importance of assessing parental smoking and physical activity in adolescent BP studies, although the exact percentages differed
from the present study.

In addition, Kurnianto et al. ! reported that 48.6% of parents were smokers and 50% of adolescents practiced physical activity.
Their findings similarly show that parental smoking and physical activity are relevant lifestyle variables in adolescent BP studies,
although the proportions differed from those in the present school sample.

Farrag et al. 12 reported lower frequencies of parental smoking and physical activity than those observed in the present study.
They found that 6.3% of parents were smokers and 15.7% of students practiced physical activity, compared with 52.08% and
73.89%, respectively, in the available data from the present school sample.

Abolfotouh et al. 8 conducted a cross-sectional study among 1500 school adolescents aged 6—19 years from preparatory and
secondary schools in Alexandria, Egypt, to assess the relationship between high BP and obesity. They reported that 20%
consumed salty food and 15.8% had smoking parents, lower than the available proportions in the present school sample.

Galal et al. 13 reported that 60.9% of parents were smokers and 39.1% of children consumed salty food. Their parental-smoking
frequency was somewhat higher than the 52.08% observed among participants with available data in the present study, while
their salty-food proportion was close to the present overall estimate of 40.65%.

The prevalence of hypertension-range BP in the present school sample was 14.84% (95% CI, 11.45%—19.02%). Soua et al. 14
studied Tunisian adolescents with a mean age of 17 £ 1.5 years and reported a hypertension prevalence of 15.4%, close to the
present screening estimate. Yang et al. !> used health-surveillance data from school-aged students aged 9-17 years in Yunnan

and reported a total hypertension prevalence of 13.45%, also within the confidence interval of the present estimate.

Lu et al. 1° studied primary hypertension among children and adolescents in the Taicang area and reported a prevalence of
4.1%—6.3%, lower than the present screening estimate. Shokunbi and Ukangwa 7 conducted a cross-sectional survey among
488 secondary school students aged 10—19 years and reported a prevalence of 10.5%, while Chelo et al. 18 reported 1.6% among
822 pupils in Cameroon. Differences in populations, sampling, measurement schedules, and diagnostic confirmation may

account for part of the variation across studies.

Daniel et al. reviewed hypertension prevalence among adolescents aged 10—19 years in India and reported a pooled prevalence
of 7.6%, with individual-study estimates ranging from 2% to 20.5% 19. The present screening estimate falls within that range.
Kurnianto et al. ! reported hypertension in 8% of adolescents, with mean SBP of 109 £ 10.6 mmHg and mean DBP of 72 *
8.5 mmHg; their mean SBP was close to the present value of 109.9 £ 12.4 mmHg, although prevalence and measurement
contexts differed.

Abolfotouh et al. ® reported a hypertension prevalence of 19.6% among adolescents in Alexandria, higher than the present
estimate but within a broadly comparable range. Farrag et al. 12 reported 2.1% among Egyptian university students, whereas
Galal et al. 1 reported 56.5% among their studied children, with mean SBP of 131.6 = 4.7 mmHg and mean DBP of 90.0 £
3.5 mmHg. These contrasts reinforce the importance of population selection and BP ascertainment when prevalence estimates

are compared.

Age, weight, height, and BMI were not significantly different between students with and without hypertension-range BP. Male
sex was associated with the outcome in unadjusted analysis but not after multivariable adjustment. Kurnianto et al. 1! similarly

found that age was not significantly different between hypertensive and normotensive adolescents, although they reported a
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different sex pattern. Hassan et al. 1 found significant differences in age and BMI but not sex, further indicating that

demographic associations may vary across settings and sampling frames.

This study has several limitations. First, it was conducted at one secondary school; the school-level census improves coverage
of that sampling frame but does not make the findings representative of El-Gharbia Governorate or Egypt. Second, the cross-
sectional design precludes temporal or causal inference. Third, BP was assessed during one school visit without ambulatory
monitoring or confirmation on separate visits, so the reported prevalence reflects hypertension-range screening measurements
rather than confirmed clinical hypertension. Fourth, student-smoking values were missing for 278 participants, preventing a
valid between-group analysis, and one parental-smoking value was missing. Fifth, self-reported salt intake and physical activity
may be affected by recall or reporting bias, and residual confounding is possible. Multicenter studies using probability sampling
and confirmatory BP assessment are needed.

CONCLUSIONS

Hypertension-range BP was identified in 14.84% (95% CI, 11.45%—19.02%) of adolescents at the participating school. Parental
smoking and physical inactivity remained independently associated after adjustment, whereas sex, age, and BMI did not. The
single-school sampling frame and single-visit BP assessment limit generalizability and diagnostic interpretation. These findings
support local BP screening and confirmatory referral while underscoring the need for multicenter studies with repeated-visit or

ambulatory confirmation.
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