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Prevalence and Screening of Hypertension Among
Schoolchildren in Phitsanulok, Lower Northern Thailand

Kanrawee Sungprem, MD?, Jiranun Weerakul, MD*, Worawan Jittham, MD*, Suwannee Uthaisangsook, MD*

! Department of Pediatrics, Faculty of Medicine, Naresuan University, Phitsanulok, Thailand

Objective: To identify the prevalence of hypertension among children living in Phitsanulok, lower northern Thailand, and to compare blood pressure
(BP) equal or greater than 120/80 mmHg screening with the American Academy of Pediatrics (AAP) 2017 diagnostic criteria for hypertension.

Materials and Methods: A retrospective cross-sectional study was conducted among primary schoolchildren in Phitsanulok between February
2014 and August 2016. Elevated BP and hypertension were determined using the AAP 2017 diagnostic criteria. Data were analyzed for frequency,
mean, and diagnostic test performance comparing BP equal or greater than 120/80 mmHg screening with the reference test.

Results: One thousand four hundred thirty-four children aged 5 to 12 years were recruited, with 52.4% males. The prevalence of elevated BP and
hypertension was 7.5% (108 children) and 16.9% (243 children). The diagnostic test performance, comparing BP equal or greater than 120/80
mmHg screening with BP equal or greater than the 95" percentile diagnostic criteria of AAP 2017 (reference test), showed the probability of a
positive BP equal or greater than 120/80 mmHg screening and the probability of a negative BP equal or greater than 120/80 mmHg screening
were 57.6% and 99.6%, respectively. The likelihood that children with a positive screening test truly had hypertension and that children with a
negative screening test truly did not have hypertension were 96.6% and 92.1%, respectively. The accuracy of the screening test was 92.5%. To
increase the sensitivity of 81.1% of the hypertension screening test, further analysis identified the optimal cut-off values of systolic BP of equal
or greater than 114 mmHg and diastolic BP of equal or greater than 63 mmHg (area under the curve 0.94, 95% CI 0.92 to 0.96 and 0.86, 95% CI
0.83 to 0.89, respectively). BMI was a significant risk factor for hypertension with an odds ratio of 1.19 (95% CI 1.16 to 1.23).

Conclusion: The prevalence of hypertension in children aged 5 to 12 years in lower northern Thailand was high. Utilizing the simplified BP of
equal or greater than 120/80 mmHg cut-off could be a valuable screening tool for primary healthcare providers in early detecting pediatric
hypertension.
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Elevated blood pressure (BP) among children
and adolescents is a significant risk factor for the
development of adult hypertension and metabolic
syndrome”. Moreover, this condition can lead
to severe complications such as heart disease,
renal impairment, and vascular disorders during
adulthood®. In addition, hypertension represents a
silent danger, posing a substantial threat to life due
to the absence of discernible warning symptoms.
Measuring BP is essential to determine if one had high
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BP. However, BP measurements are often overlooked,
especially in children who do not have any underlying
medical conditions. Despite the asymptomatic
nature of elevated BP in children, early detection is
needed and to reduce the risk of target organ damage
during childhood and prevent the development of
hypertension and related cardiovascular diseases in
adulthood.

Predisposing factors causing elevated BP in
children include body mass index (BMI), obesity,
abdominal circumference, male gender, positive
family history, low birth weight, sleep disorders,
maternal smoking during pregnancy, high-sodium diet,
absence of a dietary approaches to stop hypertension
(DASH)-type diet, and increased sedentary time®-9.
The American Academy of Pediatrics (AAP) 2017
and the Royal College of Pediatricians of Thailand &
Pediatric Society of Thailand recommend annual BP
measurement at well-child visits beginning at the age
of three for children without identified risk factor"-".
For children with risk factors for hypertension, more
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frequent BP monitoring at each well-child visit is
advised®. Lifestyle modifications, including dietary
changes and increased physical activity, are the
cornerstone of therapeutic intervention for all children
with elevated BP or hypertension. Children who
remain hypertensive despite lifestyle modifications
may require medication and further evaluation for
potential complications. The goal of hypertension
management in children and adolescents is to reduce
the risk of target organ damage during childhood and
prevent the development of hypertension and related
cardiovascular diseases in adulthood”-49,
Children’s BP varies according to the age,
body size, and race®. Currently there is limited
information on standardized reference BP levels in
Thai children*!?, Therefore, the present study aimed
to identify the prevalence of hypertension among
children living in Phitsanulok, a province situated in
lower northern Thailand. The results could be utilized
as a reference for BP levels among children in this
region. Since the AAP 2017 has defined normal BP
in children aged 13 years or older and adults as less
than 120/less than 80 mmHg, the authors additionally
explored the feasibility of using a BP threshold of
equal or greater than 120/80 mmHg as a screening
tool for hypertension compared to the standardized
criteria established in the AAP 2017 Guidelines™".
This BP level of equal or greater than 120/80 mmHg,
has been linked to increased cardiovascular risk
according to multiple epidemiologic studies®'.

Materials and Methods

A retrospective cross-sectional study was
conducted among children attending a mid-sized
primary school near Naresuan University, located in
Phitsanulok, lower northern Thailand. The present
study utilized data collected during an ambulatory
service program offered by the Pediatric Department
of Naresuan University Hospital between February
2014 and August 2016. This ambulatory service
program aimed to enhance the overall health of
the surrounding community by providing health
promotion services such as screenings, education,
and supervision.

Data collection included age, gender,
weight, height, BMI, underlying disecases, and BP
measurements. Accurate BP measurement was
ensured using cuffs with appropriate sizing. Cuff
bladder width was approximately 40% of the upper
arm circumference, and the bladder length encircled
80% to 100% of the upper arm. In cases where
initial BP readings were abnormal, measurements
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were repeated at least two to three times at different
intervals during the visit!®. BP data for all children
were reviewed for elevated levels according to the
AAP 2017 Guidelines". Following these guidelines,
which utilize gender-, age-, and height-specific
reference values, systolic BP (SBP) and/or diastolic
BP (DBP) were classified as normal at less than the
90™ percentile, elevated at the 90" to 95" percentile
or 120/80 mmHg to 95" percentile, whichever is
lower, and hypertension at equal or greater than the
95 percentile or equal or greater than 130/80 mmHg,
whichever is lower for children under 13 years".
Children with confirmed elevated BP were referred to
the Pediatric clinic of Naresuan University Hospital
for further evaluation.

The present study was reviewed and approved by
the Naresuan University Institutional Review Board
(NU-IRB) with NU-IRB ethics approval certification
number 948/59. The NU-IRB Committee granted
permission to conduct the study on student’s data
records from pediatric ambulatory service and waived
the requirement of patient consent.

Statistical analysis

Data analysis was performed using Stata
Statistical Software, version 17 (StataCorp LLC,
College Station, TX, USA). Categorical parameters
were presented as frequencies and percentages, while
continuous parameters were expressed as mean and
standard deviation (SD). To assess the diagnostic
test performance of the screening test with a BP
of equal or greater than 120/80 mmHg, compared
to the reference test of standardized diagnosed
hypertension from the AAP 2017 Guidelines as SBP
or DBP equal or greater than 95" percentile. The
authors calculated sensitivity, specificity, positive
predictive value (PPV), negative predictive value
(NPV), and overall accuracy. Additionally, a receiver
operating characteristic curve (ROC) analysis was
performed to determine optimal BP cut-off values for
screening. A univariable logistic regression analysis
was conducted to identify potential risk factors for
hypertension, such as gender, age, and BMI. Results
are presented as odds ratio (OR) with 95% confidence
intervals (CI). A two-sided p-value of less than 0.05
was considered statistically significant.

Results

One thousand four hundred forty-five school
children from grades 1 to 6 were initially recruited for
the study, with ages ranging from 5 to14 years. Eleven
children (0.7%) aged 13 years or above were excluded
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Table 1. Characteristic data of participants

Characteristic data Total Female Male
(n=1,434) (n=683) (n=751)
Age (years); n (%)
S5to8 585 (40.8) 279 (40.9) 306 (40.8)
9to 12 849 (59.2) 404 (59.2) 445 (59.3)
Body weight (kg); mean+SD  31.6+11.5 31.4+11.4 31.9+11.6

Height (cm); mean+SD 132.3+11.2 13231116 132.2+10.9

BMI (kg/m?); mean+SD 17.6442 174439  17.8+45

BMI=body mass index; SD=standard deviation

due to differing diagnostic criteria for hypertension in
this age group as equal or greater than 130/80 mmHg,
compared to children aged 5 to 12 years with a SBP
or DBP equal or greater than the 95" percentile as
defined by the AAP 2017 Guidelines”. Therefore,
the final study population comprised 1,434 children,
with 683 (47.6%) females and 751 (52.4%) males.
The mean age was 9.0+1.6 years, with no significant
difference between females at 8.9+1.6 years and
males at 9.0+1.6 years. The average body weight,
height, and BMI were 31.6+11.5 kg, 132.3+11.2 cm,
and 17.6+4.2 kg/m?, respectively, with no statistically
significant differences observed between genders
(Table 1). Underlying medical conditions were
reported in 119 children (8.2%), including allergic
diseases, thalassemia, skin rash, and dyspepsia.
Notably, no cardiovascular, renal, or other conditions
typically associated with elevated BP were identified.

Among the 1,434 children aged 5 to 12 years
assessed for elevated BP and hypertension using the
aforementioned diagnostic criteria, 1,083 (75.5%)
had normal BP, with a similar distribution between
females at 75.3% (514) and males at 75.8% (569)
(Table 2). The prevalence of elevated BP equal or
greater than the 90™ to 95" percentile or 120/80
mmHg to 95" percentile, whichever is lower was
7.5% (108), with a slightly higher prevalence in
males at 7.9% (59), compared to females at 7.2% (49)
(Table 2). The authors’ study identified a prevalence
of hypertension at BP equal or greater than the 95
percentile or equal or greater than 130/80 mmHg,

whichever is lower of 16.9% (243 childern), with
a nearly equal distribution between females at
17.6% (120) and males at 16.4% (123) (Table 2).
Employing a BP threshold of equal or greater than
120/80 mmHg for hypertension screening in the 1,434
children aged 5 to 12 years The authors identified
145 children (10.2%) presenting with BP readings of
equal or greater than 120/80 mmHg, with comparable
prevalence in females at 10.2% (70) and males at
10.0% (75) (Table 2).

Univariable logistic regression analysis revealed
that BMI was a statically significant risk factor for
hypertension in the authors’ study population, with
an OR of 1.19 (95% CI 1.16 to 1.23) and p<0.001
(Table 3). Neither gender nor age were identified as
significant risk factors in the present study.

The authors compared the diagnostic test
performance of a screening BP of equal or greater
than 120/80 mmHg with the reference standard of BP
equal or greater than the 95" percentile for diagnosing
hypertension. The probability of the positive
screening test (sensitivity) and the probability of the
negative screening test (specificity) were 57.6% and
99.6%, respectively. The possibility that children
with a positive screening test really had hypertension
(PPV) and children with negative screening test really
did not have hypertension (NPV) were 96.6% and
92.1%, respectively. The overall diagnostic accuracy
of this screening test was 92.5% (Table 4). These
results were consistent across genders. However,
the sensitivity of using equal or greater than 120/80
mmHg for hypertension screening was dependent
on age. Among children aged 5 to 10 years, the
sensitivity ranged from 40% to 73%. Conversely, for
children aged 10 to 12 years, the sensitivity increased
progressively with age, ranging from 73% to 100%
(Figure 1). Furthermore, to improve the probability
of the positive screening for hypertension, ROC
curve analysis identified optimal cut-off values. The
area under the curve (AUC) was 0.94 (95% CI 0.92
to 0.96) for SBP cut off equal or greater than 114
mmHg (sensitivity 81.1% and specificity 95.2%).
The AUC for DBP cut off equal or greater than 63

Table 2. Blood pressure measurements in children aged 5 to 12 years (n=1,434)

Screening for high blood pressure Total (n=1,434) Female (n=683) Male (n=751)
n (%) n (%) n (%)

Normal blood pressure 1083 (75.5) 514 (75.3) 569 (75.8)

Elevated blood pressure 108 (7.5) 49 (7.2) 59 (7.9)

Hypertension (by criteria systolic and/or diastolic blood pressure >95 percentile) 243 (16.9) 120 (17.6) 123 (16.4)

Hypertension (by screening criteria systolic =120 mmHg and/or diastolic >80 mmHg) 145(10.2) 70 (10.2) 75 (10.0)
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Table 3. Risk factors for hypertension

Univariable; odds ratio (95% CI) p-value
Sex 0.92 (0.70 to 1.21) 0.540
Age 1.06 (0.97 to 1.16) 0.163
BMI 1.19 (1.16 to 1.23) <0.001

BMI=body mass index; CI=confidence interval

Table 4. Diagnostic performance of 2120/80 mmHg BP cut-
off for hypertension screening compared to 295" percentile
diagnostic criteria of the 2017 AAP Guideline in children aged

5to 12 years

Performance measure Total Female Male
(n=1,443) (n=683) (n=751)
Sensitivity 57.6% 57.5% 57.7%
Specificity 99.6% 99.8% 99.4%
Positive predictive value (PPV) 96.6% 98.6% 94.7%
Negative predictive value (NPV) 92.1% 91.7% 92.3%
Accuracy 92.5% 92.4% 92.5%
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80+ Sensitivity
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Figure 1. Sensitivity and specificity of hypertension screening
with BP levels of 2120/80 mmHg compared to BP 295 per-
centile diagnostic criteria of the AAP 2017 Guidelines.

mmHg was 0.86 (95% CI 0.83 to 0.89) (sensitivity
80.3%, specificity 71.5%) (Figure 2).

Discussion

Studies globally have reported diverse varying
prevalence rates of hypertension in children, ranging
from 1% to 23%"419. Similarly, in Thailand, studies
have demonstrated a prevalence of hypertension
ranging from 3.2% to 26.2%%!"'®, The authors’
investigation focused on determining the prevalence
rate of hypertension among children aged 5 to 12
years residing in Phitsanulok, situated in lower
northern Thailand, revealing a rate of 16.9%, falling
within the middle to high range. To contextualize
the authors’ findings, the authors compared them
with the previous Thai studies, such as the 2012
Bangkok study involving 693 children aged 8 to
12 years with 3.2% for girls and 4.7% for boys"®,
other studies in 536 Bangkok school children aged 8
to 13 years at 10.8%"Y, and the 2014 Thai National
Health Examination Survey V, which included 3,505
children aged 10 to 19 years at 9.4%%. The authors’
study indicated a higher prevalence of hypertension
compared to these reported studies. However, the
authors’ findings were remarkably lower than the
hypertension rate of 26.2% reported among 3,870
schoolchildren aged 6 to 12 years in central Thailand
surveyed in 20157, These discrepancies stem from
differences in the age groups studied, methodologies
used, and the race/ethnicity of the participants, which
may have influenced the results®'”. Moreover,
factors such as gender, genetic/epigenetic factors,
socioeconomic status, and geographical location
could also impact hypertension prevalence!>'?.
Consistent with other studies, the authors’ study
confirms that BMI is a significant risk factor for

1.004 1.001
Cut-off value SBP = 114 Z 80.3%
0.80- 080 Cut-off value DBP > 63
2 060 2> 0.604
2 2
7 ]
=3 <
3 4.8% 2 X
& 040 8 L o 28.5%
AUC=0.94 AUC=0.86
020 (95% Cl: 0.92-0.96) 0.201 (95% C1:0.83-0.89)
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Figure 2. ROC curve showing the optimal cut-off value for hypertension screening, with an AUC of 94% and 86% for the cut-off SBP
>114mmHg (A) and DBP 263mmHg (B), respectively (black dot).
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elevated BP!31119 The excess adipose tissue in obese
children can lead to increased sympathetic activity
and subsequent sodium reabsorption, resulting in
increased peripheral vascular resistance!'®. The
National Health and Nutrition Examination Survey
has demonstrated an association between increased
sodium intake and elevated SBP®2%. The high
prevalence of hypertension observed in the authors’
pediatric population in lower northern Thailand
suggests a potential confluence of factors, including
high sodium intake, increased BMI, genetic/
epigenetic factors, and decreased physical activity
levels associated with modern lifestyles in urban
environments. Further investigations are warranted
to explore these potential contributing factors.

The authors’ evaluation of a screening BP cut-off
of equal or greater than 120/80 mmHg compared to
the standardized diagnostic criteria of equal or greater
than the 95" percentile showed high specificity but
low sensitivity, with an overall test accuracy of 92.5%.
This suggests that the BP equal or greater than 120/80
mmHg cut-off may miss hypertensive children,
particularly younger children of less than 10 years of
age. While 99.6% of children without hypertension
in the authors’ study had BP readings below 120/80
mmHg, there is currently no definitive BP threshold
in childhood that is linked to cardiovascular outcomes
in adulthood™'®. However, clinical studies have
provided evidence of left ventricular hypertrophy and
target organ damage such as vascular stiffness and
increased carotid intimal thickness in hypertensive
children and adolescents with BP equal or greater
than 120/80 mmHg and obesity'*?!->), These findings
imply that a BP of 120/80 mmHg in adolescence
may be associated with early cardiovascular target
organ damage'®. The commentary accompanying the
SPRINT trial commentary suggests that normal BP
for adolescents should be less than 120/80 mmHg,
and for children younger than 12 years, less than
110/70 mmHg. Furthermore, these BP thresholds
should be emphasized for primary prevention of
future target organ damage®'®. The optimal cut-off
values identified in the authors’ study for elevated BP
screening was SBP equal or greater than 114 mmHg
and DBP equal or greater than 63 mmHg among
children aged 5 to 12 years further support these
recommended BP levels. Moreover, researchers have
developed simplified tools for screening children for
high BP®, which may be beneficial in clinical practice
considering the complexity and time-consuming
nature of the reference criteria outlined in the AAP
2017 Guidelines. A previous cohort study employed
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simplified definitions for childhood prehypertension
and hypertension, utilizing cut-off points of 110/70
mmHg for SBP/DBP in children aged 6 to 11 years
and 120/80 mmHg for SBP/DBP for children aged
12 to 17 years, respectively®®. Interestingly, this
cohort study demonstrated that these simplified
BP definitions could predict adult hypertension
and subclinical CVD outcomes, including arterial
stiffness, subclinical atherosclerosis, and LVH, with
similar efficacy to the complex definition outlined in
the 2004 Fourth Report®®. The authors identified cut-
oft SBP of equal or greater than 114 mmHg and DBP
of equal or greater than 63 mmHg for elevated BP
screening in children further strengthens the potential
utility of such simplified approaches.

The authors’ study findings, showing high
prevalence rates of hypertension in school children,
should alert primary healthcare providers and
general pediatricians to implement BP screening
surveillance at a national level. Additionally, the
present study developed simplified tools for screening
children’s BP of equal or greater than 120/80 mmHg
for hypertension, which may be useful in clinical
practice given the complexity and time-consuming
nature of the reference criteria outlined in the AAP
2017 Guidelines. Furthermore, the authors’ findings
suggest that a lower cut-off of 114/63 mmHg may
improve the probability of positive screening for
detecting hypertension in this age group, especially
among younger children.

The present study has limitations associated with
its retrospective design. The retrospective approach
resulted in an uneven distribution of age ranges and
potential selection bias, resulting in smaller sample
sizes for some age groups. Consequently, this may
have limited the authors’ ability to comprehensively
explore potential predisposing factors for elevated BP.
Future research should aim to randomly select larger
pediatric populations from all regions in Thailand to
ensure a more accurate representation of hypertension
prevalence and confirm the efficacy of this cut-off for
elevated BP screening in Thai children.

Conclusion

There was a high prevalence of hypertension
among children aged 5 to 12 years in lower northern
Thailand. BMI emerged as a statistically significant
risk factor for hypertension in this population.
This information should raise the awareness of
hypertension identification and prevention. The
simplified BP cut-off of equal or greater than 120/80
mmHg for hypertension screening in children could
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be a valuable tool for primary healthcare providers
in detecting hypertension.

What is already known on this topic?

Studies globally have reported diverse varying
prevalence rates of hypertension in children, ranging
from 1% to 23%419. Similarly, in Thailand, studies
have demonstrated a prevalence of hypertension
ranging from 3.2% to 26.2%'7!®). Currently there
is limited information on standardized reference BP
levels in Thai children'®!?, Moreover, there is no
study on the prevalence rate of hypertension in lower
northern Thailand and no report on BP cut-off level
for hypertension screening in Thailand.

What does this study add?

This study focused on determining the prevalence
rate of hypertension among children aged 5 to 12
years residing in Phitsanulok, situated in lower
northern Thailand, which revealed a rate of 16.9%
falling within the middle to high range. This high
prevalence rate should increase awareness among
primary healthcare workers to screen BP in children
for early detection and early management of high BP.

By using a BP threshold of equal or greater
than 120/80 mmHg as a simplified screening tool
for hypertension compared to the standardized
criteria established in the AAP 2017 Guidelines®”,
the sensitivity, specificity, positive and NPV, and
overall diagnostic accuracy of this screening test
were 57.6%, 99.6%, 96.6%, 92.1%, and 92.5%,
respectively. Furthermore, to improve the sensitivity
at 81.1% of the hypertension screening test, ROC
curve analysis identified the optimal cut-off values
of SBP at equal or greater than 114 mmHg and
DBP at equal or greater than 63 mmHg. These
findings suggest that BP equal or greater than 120/80
mmHg could serve as a simplified initial tool for
hypertension screening in children, compare to the
complexity and potential confusion associated with
interpreting the reference criteria outlined in the AAP
2017 Guidelines. In addition, this simplified BP cut-
off should encourage primary healthcare providers
to monitor BP in children for early hypertension
surveillance in primary care settings.

Acknowledgement

The present study was financially supported
by the Faculty of Medicine, Naresuan University,
Thailand. The authors would like to express their
sincere gratitude to Ms. Daisy Jimenez Gonzales of
the International Relations Section for her invaluable

593

contribution in reviewing the manuscript, and to
Mr. Sagoontee Inkate for his assistance with statistical
analyses.

Authors’ contributions

The present study was conceptualized and
designed by KS, and secured funding, collected
data, and drafted the manuscript. JW, WJ, and SU
contributed to data collection efforts. SU provided
analysis, interpretation of the results, reviewed and
edited the manuscript, and validated its accuracy.

Conflicts of interest
The authors have no conflict of interest to
disclose.

References

1. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey
D, Carroll AE, Daniels SR, et al. Clinical practice
guideline for screening and management of high
blood pressure in children and adolescents. Pediatrics
2017;140:¢20171904.

2. Mattoo TK. Epideiology, risk factors, and etiology of
hypertension in children and adolescents: UpToDate
[Internet]. 2023 [cited 2024 Apr 23]. Available from:
https://www.uptodate.com/contents/epidemiology-
risk-factors-and-etiology-of-hypertension-in-
children-and-adolescents.

3. Falkner B, Gidding SS, Baker-Smith CM, Brady
TM, Flynn JT, Malle LM, et al. Pediatric primary
hypertension: An underrecognized condition: A
Scientific Statement From the American Heart
Association. Hypertension 2023;80:e101-11.

4.  Jacobs DR Jr, Woo JG, Sinaiko AR, Daniels SR,
Ikonen J, Juonala M, et al. Childhood cardiovascular
risk factors and adult cardiovascular events. N Engl J
Med 2022;386:1877-88.

5. Pirojsakul K, Aekplakorn W, Siwarom S, Paksi W,
Kessomboon P, Neelapaichit N, et al. Sleep duration
and risk of high blood pressure in Thai adolescents:
the Thai National Health Examination Survey V, 2014
(NHES-V). BMC Public Health 2022;22:1983.

6. Riley M, Hernandez AK, Kuznia AL. High blood
pressure in children and adolescents. Am Fam
Physician 2018;98:486-94.

7. Neesanan N, Empremsilapa S, Manaboriboon B,
Piyasil W. Guideline in child health supervision.
Bangkok: The Royal College of Pediatricians of
Thailand & Pediatric Society of Thailand; 2021.

8. Mattoo TK. Definition and diagnosis of hypertension
in children and adolescents. UpToDate [Internet]. 2023
[cited 2024 Apr 23]. Available from: https://www.
uptodate.com/contents/definition-and-diagnosis-of-
hypertension-in-children-and-adolescents.

9. Cheung EL, Bell CS, Samuel JP, Poffenbarger

] Med Assoc Thai | Volume 107 No. 8 | August 2024



10.

11.

12.

13.

14.

15.

16.

17.

T, Redwine KM, Samuels JA. Race and
obesity in adolescent hypertension. Pediatrics
2017;139:¢20161433.

Aekplakorn W, Sangthong R, Kessomboon P,
Putwatana P, Inthawong R, Taneepanichskul S, et
al. Changes in prevalence, awareness, treatment and
control of hypertension in Thai population, 2004-
2009: Thai National Health Examination Survey
II-1V. J Hypertens 2012;30:1734-42.

Pirojsakul K, Paksi W, Sirijjunpen S, Nuntnarumit
P. Increased prevalence of hypertensive-level blood
pressure using the American Academy of Pediatrics
2017 Guidelines: a cross-sectional study in a primary
school in Thailand. Paediatr Int Child Health
2019;39:279-84.

Rerksuppaphol S, Rerksuppaphol L. Association of
obesity with the prevalence of hypertension in school
children from central Thailand. J Res Health Sci
2015;15:17-21.

Falkner B, Gidding SS. Is the SPRINT blood pressure
treatment target of 120/80 mm Hg relevant for
children? Hypertension 2016;67:826-8.

Bassareo PP, Mercuro G. Pediatric hypertension:
An update on a burning problem. World J Cardiol
2014;6:253-9.

Narang R, Saxena A, Desai A, Ramakrishnan S,
Thangjam RS, Kulkarni S, et al. Prevalence and
determinants of hypertension in apparently healthy
schoolchildren in India: A multi-center study. Eur J
Prev Cardiol 2018;25:1775-84.

Noubiap JJ, Essouma M, Bigna JJ, Jingi AM, Aminde
LN, Nansseu JR. Prevalence of elevated blood
pressure in children and adolescents in Africa: a
systematic review and meta-analysis. Lancet Public
Health 2017;2:€375-86.

Rerksuppaphol L, Rerksuppaphol S. Prevalence and

] Med Assoc Thai | Volume 107 No. 8 | August 2024

18.

19.

20.

21.

22.

23.

24.

risk factors of hypertension in schoolchildren from
central Thailand: A cross-sectional study. Int J Prev
Med 2021;12:28. doi: 10.4103/ijpym.IJPVM_110_20.
Sukhonthachit P, Aekplakorn W, Hudthagosol C,
Sirikulchayanonta C. The association between obesity
and blood pressure in Thai public school children.
BMC Public Health 2014;14:729. doi: 10.1186/471-
2458-14-729.

Olczak KJ, Taylor-Bateman V, Nicholls HL, Traylor
M, Cabrera CP, Munroe PB. Hypertension genetics
past, present and future applications. J Intern Med
2021;290:1130-52.

Rosner B, Cook NR, Daniels S, Falkner B. Childhood
blood pressure trends and risk factors for high blood
pressure: the NHANES experience 1988-2008.
Hypertension 2013;62:247-54.

Brady TM. The role of obesity in the development
of left ventricular hypertrophy among children and
adolescents. Curr Hypertens Rep 2016;18:3. doi:
10.1007/s11906-015-0608-3.

Falkner B, DeLoach S, Keith SW, Gidding SS. High
risk blood pressure and obesity increase the risk for
left ventricular hypertrophy in African-American
adolescents. J Pediatr 2013;162:94-100.

Urbina EM, Williams RV, Alpert BS, Collins
RT, Daniels SR, Hayman L, et al. Noninvasive
assessment of subclinical atherosclerosis in children
and adolescents: recommendations for standard
assessment for clinical research: a scientific statement
from the American Heart Association. Hypertension
2009;54:919-50.

Xi B, Zhang T, Li S, Harville E, Bazzano L, He
J, et al. Can pediatric hypertension criteria be
simplified? A prediction analysis of subclinical
cardiovascular outcomes from the Bogalusa Heart
Study. Hypertension 2017;69:691-6.

594



