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Introduction

The prevalence of hypertension (HT) in children has 
been increasing over recent decades. According to data 
from the U.S. National Health and Nutrition Examination 
Survey (NHANES), the percentages of children with 
elevated blood pressure (BP) increased from 8.2% in 
girls and 15.8% in boys during 1999 to 2008 to 12.6% in 
girls and 19.2% in boys during 1988 to 1994.1 A 2015 
study in Thai school-age children found that 21.4% of 
girls and 24.3% of boys had elevated BP.2 Another study 
found that rates of obesity were 12.8% in girls and 
30.6% in boys and that obesity increased the risk of ele-
vated BP over 10-fold.3 Studies from other Asian coun-
tries also found increases over time in the prevalence of 
children with obesity and HT.4-7

Given that obesity is strongly associated with HT, a 
long duration of obesity may contribute to the develop-
ment of HT. Tanamas et al8 reported results of a 15-year-
longitudinal study, the Framingham Heart Study, in 
almost 3000 adults aged 30 to 62 years without baseline 
HT, and found a positive correlation between the dura-
tion of obesity and the incidence of HT in women. In 

contrast, a study by Hekimzoy and Oktem9 found no 
significant relationship between the duration of obesity 
and HT in 200 adults. Aris et al10 studied a cohort of 
1170 children and found that rapid body mass index 
(BMI) z-score increase during the first 2 years of life 
predicted obesity status, but failed to predict pre-
hypertensive status at 5 years of age. East et al11 however, 
found that a BMI > 25 kg/m2 at 13 years of age was asso-
ciated with adult HT.

This study explored the impact of BMI trajectories 
and duration of obesity on the development of HT in Thai 
school-aged children. Most previous studies reported 
the association of BMI z-score and HT using BP mea-
surement at only a single visit. It is therefore possible 
that some participants had elevated BP in their doctor’s 
offices (a phenomenon known as “white-coat HT”) but 
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did not actually have HT. In contrast to these studies, we 
defined HT as elevated BP over 3 consecutive visits, 4 to 
6 months apart.

Subjects and Methods

We conducted a cross-sectional study with a retrospec-
tive review of records between August 2017 and 
September 2018 in a primary school in central Bangkok, 
Thailand. The study was performed in conjunction 
with the annual school health check-up provided to 
every school-age child in Bangkok, and it was approved 
by the Ramathibodi Hospital Ethics Committee for 
Human Research (ID 03-60-32 and MURA 2020/1363). 
Given previous research showing that the prevalence of 
HT in Thai children is approximately 4%,3 we estimated 
that the sample size should be at least 456, which pro-
vided a power of 95% at alpha = .05.

Students in fourth to sixth grades were included in the 
study. Demographic and health data including weight, 
height, waist circumference (WC), WC-to-height ratio 
(WHR) and BP were collected. We also performed a ret-
rospective review of annual records containing the 
weight and height of each child during the current year 
and over the past 3 years. Weight was measured in kilo-
grams (kg) with 1 decimal point. Height was measured 
in centimeters (cm) with 1 decimal point. Waist circum-
ference was measured at the midpoint between the lower 
rib and the top of the iliac crest in cm with 1 decimal 
point. BP was measured by trained research and school 
nurses using the Dynamap V100 (GE Healthcare, USA) 
on the right arm of each child in a sitting position after 
resting for 5 minutes. A cuff size with a width of at least 
40% and the length of at least 80% of the mid-arm cir-
cumference was used, as recommended by the American 
Academy of Pediatrics (AAP).12 Each child had 3 BP 
measurements, with 5-minute intervals between measure-
ments. The average of the last 2 measurements was used 
for analysis. At the first visit, children with either systolic 
BP (SBP) or diastolic BP (DBP) ≥ the 95th percentile 
based on age, gender, and height (according to the 2017 
AAP guidelines)13 had a second visit for BP measure-
ment within 4 to 6 months. Children whose BP remained 
high underwent a third visit for BP measurement within 
4 to 6 months of the second visit. Children with persis-
tently elevated BP, ≥ the 95th percentile, at the 3 visits 
were diagnosed as having HT. The methods of this 
study and preliminary results after the first 2 visits of 
BP measurements have been published previously.14

BMI was calculated as follows: weight (kg)/height 
(m)2. Z-scores of BMI were calculated using the World 
Health Organization15 growth reference for age and gender. 
Obesity was defined as a BMI z-score ≥2. The waist 

circumference to height ratio (WHR) was calculated 
using the formula: waist circumference (cm)/height 
(cm). BP z-scores were calculated using the normative 
BP table published in the 2017 AAP guideline.13 The 
95th percentile (P95th) was considered a +1.65 z-score.

Institutionally licensed SPSS software was used for 
statistical analysis. Demographic data were presented as 
frequency or median and interquartile range (IQR), as 
appropriate. Mann-Whitney U test was used to test the 
difference in continuous data between 2 groups, as 
appropriate. The Wilcoxon Signed Rank test was used to 
test the difference of 2 paired-parameters. Chi-square 
tests were used to test the difference of categorical data 
between 2 or more groups, as appropriate. Bivariate 
logistic regression models of the factors associated with 
HT were created. The current BMI z-score, age, gender, 
and height were included in the multivariate analysis. A 
P of ≤.05 was considered statistically significant.

Results

A total of 536 participants, including 270 boys (50.3%) 
and 266 girls (49.6%), were included in the study with a 
mean age of 10.2 ± 0.9 years. The overall prevalence of 
HT, based on those with persistent elevated BP measure-
ments across 3 visits, was 2.61% (14 of the 536 stu-
dents). At the first visit for BP measurement, 160 
(29.8%) children had either SBP or DBP ≥ the 95th per-
centile. A total of 58 of these 160 children (10.8% of the 
sample) continued to have elevated BP at the second 
visit. At the third visit, BP was assessed in 53 of 58 chil-
dren, and 14 of these had confirmed HT.

The previous 3-year records of BMI z-score were 
available for 433 children (12 children with HT and 421 
children without HT). Demographic and health data did 
not differ significantly between the 103 children who 
did not have the complete 3-year records of BMI z-score 
and the 433 children who had complete records (see 
Supplemental Table S1). A comparison of demographic 
data and BMI in children with and without HT is shown 
in Table 1. A box plot of the BMI z-score over the past 
3 years, stratified by HT status, is shown in Figure 1. 
Within groups, the median increase in BMI z-score 
over the previous 3 years was significantly different 
both in the hypertensive group (1.7 to 4.12, P = .015) 
and the non-hypertensive group (0.1 to 0.24, P = .001). 
Moreover, the absolute increase in BMI z-score over 
the past 3 years was significantly greater in the hyperten-
sive group than in the non-hypertensive group, 1.45 
(0.42, 1.88) versus 0.09 (−0.35, 0.65), P = 008.

The rate of HT differed significantly by the duration 
of obesity, P = .009. Rates of HT in children with obe-
sity were 5/54 (9.3%), 2/26 (7.7%), and 0/16 (0%) 
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Table 1. Demographic and Health Data of Study Participants.

Parameter

Normotension Hypertension

P-value(N = 421) (N = 12)

Age, median (IQR) (years) 10 (10-11) 10 (10-11) .829
Male, % 49.8 66.7 .377
Weight, median (IQR) (kg) 37.1 (30-45.5) 53.9 (35.5-70) .371
Height, median (IQR) (cm) 143 (137-150) 145 (139-155) .730
Current BMI, median (IQR) (kg/m2) 17.5 (15.6-21.1) 25.8 (18.6-29.2) .040
Waist circumference, median (IQR) (cm) 65 (59-74.5) 88.5 (70-96.4) .025
Waist-to-height ratio, median (IQR) (cm/cm) 0.45 (0.42-0.51) 0.6 (0.5-0.66) .001
Systolic BP*, median (IQR) (mmHg) 109 (102-117) 135 (126-141) .001
Systolic BP* z-score, median (IQR) 0.93 (0.21-1.74) 3.46 (2.62-4.2) .001
Diastolic BP*, median (IQR) (mmHg) 60 (55-65) 68 (60-78) .139
Diastolic BP* z-score, median (IQR) −0.1 (−0.58-0.44) 0.9 (−0.22-1.84) .112
Prevalence of obesity (%) 22.1 66.7 .002
Current BMI z-score, median (IQR) 0.24 (−0.55-1.72) 4.12 (0.84-5.14) .04
−1 y BMI z-score, median (IQR) 0 (−0.7-1.59) 3.9 (0.0-4.7) .04
−2 y BMI z-score, median (IQR) 0 (−0.7-1.51) 3.9 (-1.6-4.6) .132
−3 y BMI z-score, median (IQR) 0.1 (−0.6-1.1) 1.7 (-0.8-4.3) .770
Increase in BMI z-score, median (IQR) 0.09 (−0.35-0.65) 1.45 (0.42-1.88) .008

Bold font indicates statistical significance.

Figure 1. BMI trajectories over the 4-year-period between normotensive (N = 421) and hypertensive groups (N = 12).
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among those who were obese over 3 years, 2 years, and 
1 year, respectively. Among the non-obese children, 
4/306 (1.3%) had hypertension, and 1/31 (3.2%) of 
children who were obese during the most recent year 
had HT. The group of children who were obese for at 
least 2 years had a significantly greater likelihood of HT 
than the non-obese group or the group of children who 
were obese for less than 1 year, p = .002. Change in BMI 
also differed significantly by the duration of obesity, 
P < .001. The median (IQR) of the current BMI 
z-scores were 4.1 (3.6, 5.1), 3.2 (2.5, 4.8), and 2.6 (2.0, 
3.2) among children with obesity for 3 years, 2 years, 
and 1 year, respectively. In contrast, the median (IQR) 
of the current BMI z-scores were 2.1 (1.5, 2.7) among 
children with obesity in the current year and −0.2 
(−0.7, 0.4) among non-obese children. Regarding the 
group of 102 children with obesity in the current year, 
there were 8 children had HT and the other 93 children 
without HT. Demographic and health data between 
the 2 groups were compared in Table 2. There was a 
significantly higher WHR in the group with HT com-
pared to that of the group without HT, P = .008.

In univariate analysis, the BMI z-score during the 
current year had a stronger association with the diagno-
sis of HT than the BMI z-score of past years. Age, gen-
der, and height were not significantly associated with 
HT. In the multivariate model, the current year BMI 
z-score was independently associated with HT after 
adjusting for age, gender, and height (see Table 3).

Discussion

The present study showed the overall rate of HT was 
2.61%. The increase in BMI z-score over the past 3 years 

was significantly greater in the group of children with 
HT than in the group without HT. Moreover, the propor-
tion of HT among children with obesity for at least 
2 years was greater than that of the group with obesity 
for 1 year or less.

The overall rate of HT in the present study at 2.61% 
was much lower than those reported from the previous 
studies in Thailand. The most likely explanation for this 
was that the diagnosis of HT in the present study was 
made by BP measurements over the 3 consecutive visits 
while the previous studies reported the rate of HT by 
only 1 visit of BP measurement. Therefore, some chil-
dren who expressed anxiety and had elevated BP on the 
first few BP measurements had been excluded and the 
remaining children were the group with sustained HT.

The pathophysiology of obesity-induced HT is not 
well understood, but various mechanisms have been 
proposed. Hyperleptinemia caused by an increased 
production of adipose tissue to counteract obesity acti-
vates the sympathetic nervous system and leads to 
increased BP.16 Moreover, increased visceral fat mass 
that leads to compression of the kidneys activates the 
renin-angiotensin-aldosterone system and leads to 
increased sodium absorption.16 Therefore, a longer 
duration of obesity might lead to a greater risk of HT. 
A prolonged duration of obesity in adults not only 
increases the risk of HT, but also increases the risk of 
metabolic syndrome and diabetes. Fisher et al17 studied 
7532 adults without metabolic syndrome and followed 
them for 2 years. Among participants with a 2-point 
gain in BMI, the mean number of criteria for metabolic 
syndrome increased from 1.07 to 1.52, whereas among 
participants with a 2-point loss in BMI, the mean num-
ber of criteria decreased from 1.64 to 1.16. Another 

Table 2. Demographic and Health Data of 101 Study Participants with Recent Obesity.

Parameter

Normotension Hypertension

P(N = 93) (N = 8)

Age, median (IQR) (years) 10 (9-11) 10 (9.3-10.7) .929
Male, % 64.8 75 .711
Weight, median (IQR) (kg) 52.9 (47.7-62.2) 62.2 (52.6-75.8) .648
Height, median (IQR) (cm) 147 (142-152) 148 (142-157) .824
Current BMI, median (IQR) (kg/m2) 24.7 (22.8-27.3) 28.2 (25.4-30.8) .061
Waist circumference, median (IQR) (cm) 84 (77-88) 94.5 (88-103.7) .054
Waist-to-height ratio, median (IQR) (cm/cm) 0.57 (0.53-0.6) 0.62 (0.6-0.67) .008
Current BMI z-score, median (IQR) 3.4 (2.6-4.4) 5.1 (3.7-6.4) .257
−1 y BMI z-score, median (IQR) 3.1 (2.1-4.2) 4.3 (3.7-6.6) .061
−2 y BMI z-score, median (IQR) 2.9 (1.8-4.2) 4.3 (3.8-7.0) .061
−3 y BMI z-score, median (IQR) 2.2 (1.2-3.9) 3.3 (1.7-6.1) .691
Increase in BMI z-score, median (IQR) 0.77 (-0.7-1.9) 1.7 (0.25-3.0) .691

Bold font indicates statistical significance.
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study in 837 adults found that the duration of obesity 
had a moderate effect on the frequency of diabetes.18 In 
contrast, Hekimzoy and Oktem9 did a cross-sectional 
study in 200 women and did not find a relationship 
between HT and duration of obesity. The reasons for 
these inconsistent findings remain unclear.

In children, a greater risk of HT and a prolonged 
duration of obesity were found to be associated with 
metabolic syndrome. Zamrazilova et al19 found that 
children with obesity and metabolic syndrome had a 
longer duration of obesity than children without meta-
bolic syndrome. The study also found that there was a 
significantly greater BMI z-score in children with meta-
bolic syndrome than in those without metabolic syn-
drome at the age of 3 to 7 years, whereas the BMI 
z-scores at the age of 13 years were comparable. This 
finding suggests that there is a critical time period dur-
ing which children with obesity are susceptible to the 
development of metabolic syndrome. The present study 
found that the group of children who were obese for at 
least 2 years had a significantly greater likelihood of HT 
than the non-obese group or those who were obese for 
less than 1 year. The most likely explanation for this 
finding is the greater BMI z-score found in the group 
with a longer duration of obesity.

Among 12 children with HT, 8 children were obese in 
the current year and there were 4 children that were not 
obese. This raised the concern that these 4 children 
might have underlying causes of HT or familial HT. On 
the other hand, these 4 children might have white-coat 
HT as the diagnosis of HT had not been confirmed by 
ambulatory blood pressure monitoring. In comparison 
of demographic and health data between obese children 
in the current year who had HT (8 children) and without 
HT (93 children), the present study revealed that WHR 
was significantly greater in the group with HT than in 
the group without HT. The other BMI parameters also 
were slightly greater in the group with HT than in the 

group without HT. However, the number of obese chil-
dren with HT was very small and it limited a meaningful 
statistical significance.

A strength of this study is that the diagnosis of HT was 
based on 3 BP measurements conducted on 3 occasions, 
as recommended by AAP guidelines. Moreover, only 5 
children did not complete the third BP assessment. 
Nonetheless, this study also has limitations including 
that it was retrospective, and the available records of 
weight and height over the previous 3 years were only 
80% complete. The overall number of children with HT 
was small. Additionally, BP measurements were obtained 
by the oscillometric method, not the auscultatory method 
that is recommended by the AAP guideline, which could 
over-inflate BP values.

Conclusions

Children with a confirmed diagnosis of HT had a greater 
increase in BMI z-score over the past 3 years than did 
non-hypertensive children. The most recent BMI z-score 
was the only significant risk factor associated with HT.
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