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Original Article

Objectives: This study analyzed the relationship between parental body mass index (BMI; BMI_p) and hypertension in their adoles-

cent offspring (HTN_a), focusing on the mediating effect of adolescents’ BMI (BMI_a).

Methods: Utilizing data from the Korea National Health and Nutrition Examination Survey, including participants aged 12-18, we con-

ducted a mediation analysis while controlling for confounding factors such as age, sex, physical activity, dietary habits, household in-

come quartile, and parents’ alcohol and smoking habits.

Results: The study included a total of 5731 participants, of whom 3381 and 5455 participants had data on fathers’ and mothers’ BMI, 

respectively. For adolescent systolic blood pressure (SBP_a), the father’s BMI (BMI_f) had a significant total effect (β, 0.23; 95% confi-

dence interval [CI], 0.12 to 0.34) and average controlled mediated effect (ACME) (β, 0.27; 95% CI, 0.23 to 0.32), but the average direct 

effect (ADE) was not significant. The mother’s BMI (BMI_m) had a significant total effect (β, 0.17; 95% CI, 0.09 to 0.25), ACME (β, 0.25; 

95% CI, 0.22 to 0.28) and ADE (β, -0.08; 95% CI, -0.16 to 0.00). For adolescent diastolic blood pressure, both BMI_f and BMI_m had sig-

nificant ACMEs (β, 0.10; 95% CI, 0.08 to 0.12 and β, 0.09; 95% CI, 0.07 to 0.12, respectively), BMI_m had a significant ADE (β, -0.09; 95% 

CI, -0.16 to -0.02) but BMI_f had an insignificant ADE and total effect.

Conclusions: The study found that parental BMI had a significant effect on SBP_a, mediated through BMI_a. Therefore, a high BMI in 

parents could be a risk factor, mediated through BMI_a, for systolic hypertension in adolescents, necessitating appropriate manage-

ment. 
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INTRODUCTION

According to the guidelines of the Korean Society of Pediat-
rics, hypertension in children and adolescents is defined as a 
blood pressure that exceeds the 95th percentile of age-specif-
ic blood pressure levels [1]. For adolescents aged 12 years to 
18 years, hypertension is characterized by a systolic blood pres-
sure of 130 mmHg or higher, and a diastolic blood pressure of 
80 mmHg or higher [1,2]. Although the prevalence of hyper-
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tension in adolescents (HTN_a) has traditionally been reported 
to be between 1% and 3%, recent studies indicate an increas-
ing trend in this demographic [3-6]. Common causes of hyper-
tension in children under 6 years old include secondary condi-
tions such as coarctation of the aorta, Cushing’s syndrome, and 
hyperthyroidism. However, in children over the age of six, the 
presence of factors such as a family history of hypertension or 
obesity may suggest a high likelihood of primary hypertension 
[1]. HTN_a is recognized as a risk factor for cardiovascular dis-
ease in adulthood. It can also lead to target organ damage, 
with conditions such as left ventricular hypertrophy and path-
ological vascular damage occurring more frequently. As such, 
management of this condition is strongly recommended [7]. 

The prevalence of obesity among adolescents has been in-
creasing in recent years [8]. As a result, metabolic syndrome, 
typically seen in adults, is increasingly being observed in chil-
dren and adolescents, leading to heightened social and eco-
nomic burdens [9]. Pediatric obesity has multiple causes, but it 
is particularly linked to parental obesity [8,10]. In Korea, there 
has been a surge in the prevalence of HTN_a, coinciding with 
the growing population of obese adolescents [8,11]. Numer-
ous efforts are being made to encourage physical activity and 
enhance dietary habits among adolescents. However, due to 
the reduction in outdoor activities brought on by the corona-
virus disease 2019 pandemic, the decline in physical activity 
among adolescents has become even more pronounced [12,13].

Several recent studies have explored the parental factors 
that influence HTN_a [14-18]. Notably, a few of these studies 
have reported an association between parental obesity and 
the blood pressure of their offspring [15,16,18]. However, while 
it is widely accepted that family history impacts body mass in-
dex (BMI), which is a significant risk factor for hypertension, the 
extent to which parental obesity influences obesity in children 
and adolescents remains unclear [10,19]. The mechanism of 
this association was not discussed in these studies [15,16,18].

Therefore, in this study, we aimed to investigate the effect 
of parental BMI (BMI_p) on HTN_a. We analyzed the direct ef-
fect of BMI_p on HTN_a, as well as its indirect effect on HTN_a 
through BMI in adolescents (BMI_a) using causal diagram.

METHODS

Study Populations
This study utilized data from the Korea National Health and 

Nutrition Examination Survey (KNHANES), specifically focusing 

on adolescents aged 12 to 18 from both married and single-
parent families, between the years 2007 and 2021 [2]. Subjects 
with incomplete data on height, weight, blood pressure, diet, 
household income, or parental information were excluded from 
the study. Furthermore, those with extreme calorie intake lev-
els, either less than 500 kcal/day or more than 5000 kcal/day, 
were also excluded [20].

The purpose of KNHANES is to assess the health status of the 
Korean population through the use of multi-level, clustering, 
stratification, and rolling sampling methods. KNHANES, an an-
nual national cross-sectional survey, has been conducted since 
1998 by the Korea Disease Control and Prevention Agency [21].

Study Model
We conducted our study using a directed acyclic graph (DAG) 

model [22]. Variables identified as risk factors for HTN_a—
namely, adolescent’s sex, age, exercise habits, dietary intake 
(specifically sodium and caloric intake), socioeconomic status, 
genetic factors, and family history, as well as parental age, 
smoking and alcohol habits, and blood pressure—were con-
sidered as potential confounders [16,17].

Exposure (BMI_p) and Mediator (BMI_a)
During the survey, the height and weight of all adolescents 

and their parents were examined. The BMI is calculated using 
the formula: weight (kg) divided by height (m) squared. In the 
KNHANES, the participants’ weights were adjusted to account 
for the weight of typical clothing [21].

Outcomes (Adolescent Blood Pressure)
The blood pressure of the adolescents was assessed three 

times using a non-mercury auscultatory sphygmomanometer 
(Greenlight 300, Accoson, Irvine, UK) by a team of 4 medically 
trained staff members. The final blood pressure was deter-
mined by taking the average of the second and third mea-
surements. HTN_a was characterized as a systolic blood pres-
sure of 130 mmHg or above, and a diastolic blood pressure of 
80 mmHg or above, for this particular age group [1].

Confounding
Physical activity levels in adolescents were evaluated based 

on whether they met the recommendation of engaging in at 
least 1 hour of moderate to vigorous physical activity daily. 
This level of activity would result in increased breathing and a 
slightly elevated heart rate [23]. A trained interviewer evaluat-
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ed dietary intake 1 week after the health interview and exami-
nation, using the single 24-hour recall method. We calculated 
nutrient intakes using the Korean Foods and Nutrients Data-
base of the Rural Development Administration [24], and we 
analyzed daily caloric intake (kcal/day) and sodium intake 
(mg/day). 

Parental smoking status was determined by assessing wheth-
er there was a history of smoking and whether the parent was 
currently a smoker or a non-smoker. Parental alcohol consump-
tion was defined by the level of alcohol consumed monthly. 
Those who consumed less than 1 drink per month over a year 
were classified as non-drinkers, while those who consumed 1 
or more drinks per month were classified as drinkers. Parental 
hypertension was determined based on a previous diagnosis 
or examination, as well as the average of the second and third 
blood pressure measurements (systolic blood pressure of 140 
mmHg or higher and diastolic blood pressure of 90 mmHg or 
higher) [25]. Parental dyslipidemia was determined based on 
a previous diagnosis or a serum analysis during an examina-
tion (a fasting total cholesterol level of 240 mg/dL or higher, or 

fasting triglyceride level of 200 mg/dL or higher) [26]. House-
hold income quartiles were calculated based on the average 
monthly household income divided by the square root of the 
number of household members, and then categorized into  
4 groups. The year of measurement was also taken into ac-
count as a confounding factor.

Using a DAG based on the available variables, the year of 
measurement, the adolescent’s sex, exercise level, parental 
smoking, parental age, household income, the adolescent’s 
sodium intake, and caloric intake were analyzed as confound-
ers that could causally impact the relationship. The direct ef-
fect of BMI_p on HTN_a was investigated, as well as the me-
diating effect through BMI_a (Figure 1) (Supplemental Materi-
al 1).

Statistical Analysis
Descriptive statistics were calculated for all subject character-

istics (mean±standard deviation, proportion). Following this, 
a linear regression analysis was conducted to examine the re-
lationship between BMI_p and adolescents’ blood pressure. 

Figure 1. Direct acyclic graph. BMI, body mass index; HTN, hypertension; SES, socioeconomic status; _p, parents’ value; _a, ado-
lescent value.
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For the mediation analysis, BMI_p was selected as the exposure, 
BMI_a as the mediator, and the adolescent systolic blood pres-
sure (SBP_a) and adolescent diastolic blood pressure (DBP_a) 
blood pressure of pediatric and adolescent subjects as the 
outcome.

All analyses were conducted using both a crude and an ad-
justed model. The crude model was applied to the exposure 
and outcome, while the adjusted model incorporated the crude 
model along with confounders such as the measured year, ad-
olescents’ sex, recommended exercise level, parents’ smoking 
habits, parents’ age, household income, and child caloric in-
take. We utilized R version 4.4.7 for the statistical analysis. In 
the linear regression analysis, we adjusted for the mediator 
and selected confounders. For the mediation analysis, we em-
ployed the R package “mediation” (version 4.4.7) [27], using 
bootstrapping, a method involving random sampling with 
1000 simulations, to perform the statistical analysis. This ap-
proach is favored over the Baron and Kenny method due to its 
sensitivity to sample size, effect size, and type, as well as its 
low reliability [28].

This study utilized observational data, which may contain 
unmeasurable variables that could potentially affect causal as-
sumptions. To account for this, we performed a sensitivity 
analysis. The same R package was employed for this analysis. 
We conducted the sensitivity analysis on the changes in the 
correlation between the mediator and outcome variables (rho), 
as well as the product of R-squared values between the medi-
ator and outcome variables (R2MR2Y). To determine the sensi-
tivity region, we specified the range of rho and R2MR2Y values 
and estimated the average controlled mediated effect (ACME) 
for each combination of values through 1000 simulations. All 
statistical analyses were conducted using R version 4.2.3 (R 
Foundation for Statistical Computing, Vienna, Austria), with all 
statistical evaluations based on a p-value of 0.05.

Ethics Statement
KNHANES was conducted with the approval of the Institu-

tional Review Board of the Korea Disease Control and Preven-
tion Agency (No. 2007-02CON-04-P, 2008-04EXP-01-C, 2009- 
01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C, 2012- 
01EXP-01-2C, 2013-07CON-03-4C, 2013-12EXP-03-5C, 2018-
01-03-P-A, 2018-01-03-C-A, 2018-01-03-2C-A, 2018-01-03-3C-
A). This study was conducted in accordance with the Declara-
tion of Helsinki.

RESULTS

Population Characteristics
A total of 7718 subjects were initially enrolled in the study. 

However, after excluding 811 subjects due to missing data and 
1176 subjects due to excessive caloric intake, the final sample 
size for analysis was 5731. Of these subjects, data was avail-
able for 3381 fathers and 5455 mothers (Supplemental Materi-
al 2). 

The characteristics of the subjects were as follows: the mean 
age was 14.7±2.0 years, the mean BMI was 21.1±3.7 kg/m2, 
the mean SBP_a was 107.8±10.1 mmHg, the mean DBP_a 
was 67.2±8.7 mmHg, the mean caloric intake was 2111.7±

802.2 kcal/day, and the mean sodium intake was 3707.2±

2110.1 mg/day. The male-to-female ratio was 1.1%, and 21.2% 
of the subjects engaged in recommended levels of physical 
activity. Furthermore, 85.3% of the households consisted of 
married parents, while 14.7% were single parents, and the prev-

Table 1. General characteristics and variables affecting high 
blood pressure among adolescents

Characteristics mean±SD or n (%)

Total (n) 5731

Age (y) 14.7±2.0

Sex   

Male 3012 (52.6)

Female 2719 (47.4)

Meet or exceed recommended exercise levels  

No 4514 (78.8)

Yes 1217 (21.2)

Systolic blood pressure (mmHg) 107.8±10.1

Diastolic blood pressure (mmHg) 67.2±8.7

Hypertension   

No 5668 (98.9)

Yes 63 (1.1)

Body mass index (kg/m2) 21.1±3.7

Household structure   

Married parents 4890 (85.3)

Single parents 841 (14.7)

Household income   

Low 450 (7.8)

Mid-low 1367 (23.9)

Mid-high 1949 (34.0)

High 1965 (34.3)

Caloric intake (kcal/day) 2111.7±802.2

Sodium intake (mg/day) 3707.2±2110.1

SD, standard deviation.
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alence of HTN_a was 1.1% (Table 1). 
For fathers, the mean age was 46.7±4.6 years, the mean 

BMI was 24.8±3.1 kg/m2, and the mean caloric intake and 
sodium intake were 2415.4±795.7 kcal/day and 5395.1±

2914.3 mg/day, respectively. The prevalence of hypertension 
was 15.6%. and 50.5% were never-smokers (Table 2).

For mothers, the mean age was 43.6±4.2 years, the mean 
BMI was 23.3±3.4 kg/m2, and the mean caloric intake and 
sodium intake were 1727.7±618.0 kcal/day and 3863.7±

2757.1 mg/day, respectively. The prevalence of hypertension 
was 6.2%, and 95.2% were never-smokers (Table 2).

Linear Regression Model
In the crude linear regression model, there was a positive 

correlation between paternal BMI (BMI_f) and SBP_a (β=0.23, 
p<0.001). However, in the adjusted model, the correlation 
between BMI_f and SBP_a was not statistically significant 
(β=-0.05, p=0.37). BMI_a had a positive correlation with SBP_a 
(β=0.79, p<0.001). The crude and adjusted models showed 
that BMI_f and DBP_a had no statistically significant relation-
ship. However, BMI_a had a positive correlation with DBP_a 
(β=0.30, p<0.001) (Table 3).

In mothers, the crude model showed a statistically signifi-
cant association between maternal BMI (BMI_m) and SBP_a 

(β=0.17, p<0.001). However, in the adjusted model, BMI_m 
and SBP_a had a negative correlation (β=-0.08, p<0.05), and 
the correlation between BMI_a and SBP_a was positive (β=0.80, 
p<0.001). The correlation between BMI_m and DBP_a was 
not statistically significant in either the crude or adjusted model, 
whereas there was a positive correlation between BMI_a and 
DBP_a (β=0.30, p<0.001) (Table 3).

Mediation Analysis
The mediation analysis showed that in the crude model, the 

ACME of BMI_f on SBP_a was statistically significant (β, 0.27; 
95% confidence interval [CI], 0.23 to 0.32), as was the total ef-
fect (β, 0.23; 95% CI, 0.12 to 0.34), but the average direct effect 
(ADE) was not significant. In the adjusted model, the ACME and 

Table 2. General characteristics and variables affecting high 
blood pressure among parents

Characteristics Paternal results Maternal results

Total (n) 3381 5455

Age (y) 46.7±4.6 43.6±4.2

Body mass index (kg/m2) 24.8±3.1 23.3±3.4

Smoking status     

No 1706 (50.5) 5193 (95.2)

Yes 1675 (49.5) 262 (4.8)

Alcohol status     

No 795 (23.6) 2822 (51.8)

Yes 2580 (76.4) 2625 (48.2)

Hypertension     

No 2872 (84.4) 5118 (93.8)

Yes 509 (15.6) 337 (6.2)

Dyslipidemia     

No 2984 (87.7) 5160 (94.6)

Yes 397 (12.3) 295 (5.4)

Caloric intake (kcal/day) 2415.4±795.7 1727.7±618.0

Sodium intake (mg/day) 5395.1±2914.3 3863.7±2757.1

Values are presented as mean±standard deviation or number (%).

Table 3. Variables affect blood pressure in adolescents: linear 
regression model

Variables 
SBP_a DBP_a

β p-value β p-value

Father

Crude model

BMI_f 0.23 <0.001 0.07 0.125

Adjusted model

BMI_f -0.05 0.37 0.09 0.08

BMI_a 0.79 <0.001 0.30 <0.001

Exercise_a 0.45 0.24 -0.08 0.83

Sex_a -5.18 <0.001 -0.90 <0.001

Nutrition intake_a 0.00 0.01 0.00 0.99

Paternal age 0.10 <0.001 0.12 <0.001

Smoking_f 0.13 0.70 -0.07 0.83

Household income -0.15 0.39 0.11 0.51

Survey year 0.17 <0.001 -0.01 0.80

Mother 

Crude model

BMI_m 0.17 <0.001 0.01 0.694

Adjusted model

BMI_m -0.08 <0.05 -0.09 0.01

BMI_a 0.80 <0.001 0.30 <0.001

Exercise_a 0.36 0.23 -0.34 0.23

Sex_a -5.11 <0.001 -0.86 <0.001

Nutrition intake_a 0.00 0.03 0.00 0.49

Maternal age 0.09 <0.001 0.16 <0.001

Smoking_m -0.48 0.41 0.00 0.99

Household income -0.26 0.05 0.02 0.87

Survey year 0.15 <0.001 -0.01 0.62

BMI, body mass index; BMI_f, paternal BMI; BMI_m, maternal BMI; SBP_
a, adolescent’s systolic blood pressure; DBP_a, adolescent’s diastolic blood 
pressure.
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total effect were statistically significant (β, 0.24; 95% CI, 0.20 to 
0.28 and β, 0.19; 95% CI, 0.09 to 0.30), but the ADE was not sig-
nificant. The crude model showed that BMI_f had a statistically 
significant ACME on DBP_a (β, 0.10; 95% CI, 0.07 to 0.13), but 
the ADE and total effect were not significant. In the adjusted 
model, the ACME was statistically significant (β, 0.10; 95% CI, 
0.06 to 0.12), but the ADE and total effect were not significant 
(Table 4). The β value for ACME indicates the change in the out-
come variable (SBP_a) corresponding to each unit change in 
the predictor (BMI_f) that is mediated through the mediator 
(BMI_a). Specifically, a β value of 0.27 for ACME in the crude 
model implies that for every 1 kg/m2 increase in BMI_f, there is a 
corresponding increase of 0.27 mmHg in SBP_a, mediated 
through the BMI_a.

The crude model showed statistically significant ACME, ADE, 
and total effects of BMI_m on SBP_a (β, 0.28; 95% CI, 0.25 to 
0.32; β, -0.11; 95% CI, -0.19 to -0.04; and β, 0.17; 95% CI, 0.09 
to 0.25, respectively). Furthermore, in the adjusted model, 
ACME and the total effect were statistically significant (β, 0.25; 
95% CI, 0.22 to 0.28 and β, 0.17; 95% CI, 0.10 to 0.25). Howev-
er, ADE was not significant. For DBP_a in the crude model, 

ACME and ADE were statistically significant (β, 0.10; 95% CI, 
0.08 to 0.12 and β, -0.09; 95% CI, -0.15 to -0.01, respectively), 
but the total effect was not statistically significant. In the ad-
justed model, the β value of ACME was 0.09 (95% CI, 0.07 to 
0.12), and the β value of ADE was -0.09 (95% CI, -0.16 to -0.02), 
but the total effect and proportion mediated were not statisti-
cally significant (Table 4). A sensitivity analysis confirmed that 
the mediation effect of BMI_p on SBP_a and DBP_a was suffi-
cient (Supplemental Materials 3, 4).

DISCUSSION

In this study, an analysis of KNHANES data from 2007 to 2021 
showed that BMI_p had a positive total effect and a β value for 
the mediating effect on SBP_a. However, the ADE for BMI_f 
was not significant. Conversely, for BMI_m, the β value of the 
ADE was negative and statistically significant. In the absence 
of considering the mediation effect of BMI_a, BMI_p emerged 
as a significant risk factor for HTN_a. However, when the me-
diation of BMI_a was factored in, BMI_p was no longer statisti-
cally significant. Instead, BMI_a demonstrated a statistically 
significant mediation effect [29]. 

The mechanisms regulating adolescent blood pressure are 
not well understood, but they may be influenced by both ge-
netic and environmental factors. According to the results of our 
study, adolescent blood pressure is largely influenced by envi-
ronmental factors. Certain genes, such as ADD1, LSS, and KL, are 
associated with adolescent blood pressure, and some of these 
are related to familial BMI [30,31]. Maternal lifestyle during preg-
nancy may be associated with epigenetic changes in offspring 
[32]. Furthermore, epigenetic information could be imprinted 
on parental chromosomes, potentially affecting their offspring 
[33]. Obesity also has a familial history, which can be attributed 
to either environmental or genetic factors [34]. Among envi-
ronmental factors, the dietary patterns and physical activities of 
offspring are often modeled after those of their parents [35,36]. 
A previous study by Xu et al. [37], which focused on children, 
reported that parental overweight status affects systolic blood 
pressure and diastolic blood pressure in children through adi-
posity, with the children’s BMI z-score being the most signifi-
cant mediator. In our study, we also found that in adolescence, 
BMI_p has a mediating effect on HTN_a, through the media-
tion of BMI_a. 

In our study, the β values for ACME were larger than the to-
tal effects. This indicates a negative direct effect of BMI_m on 

Table 4. Effects of parental BMI on blood pressure of adoles-
cent by mediation analysis 

Variables SBP_a DBP_a

Father 

Crude model (BMI_f)

ACME 0.27 (0.23, 0.32) 0.10 (0.07, 0.13)

ADE -0.04 (-0.14, 0.06) -0.03 (-0.11, 0.07)

Total effect 0.23 (0.12, 0.34) 0.07 (-0.01, 0.16)

Adjusted model (BMI_f)

ACME 0.24 (0.20, 0.28) 0.10 (0.06, 0.12)

ADE -0.05 (-0.15, 0.06) -0.03 (-0.12, 0.06)

Total effect 0.19 (0.09, 0.30) 0.08 (-0.01, 0.17)

Mother 

Crude model (BMI_m)

ACME 0.28 (0.25, 0.31) 0.10 (0.08, 0.12)

ADE -0.11 (-0.19, -0.04) -0.09 (-0.15, -0.01)

Total effect 0.17 (0.09, 0.25) 0.01 (-0.05, 0.09)

Adjusted model (BMI_m)

ACME 0.25 (0.22, 0.28) 0.09 (0.07, 0.12)

ADE -0.08 (-0.15, 0.00) -0.09 (-0.16, -0.02)

Total effect 0.17 (0.10, 0.25) 0.00 (-0.06, 0.07)

Values are presented as β (95% confidence interval).
BMI, body mass index; BMI_f, paternal BMI; BMI_m, maternal BMI; ACME, 
average controlled mediation effect; ADE, average direct effects; SBP_a, 
adolescent’s systolic blood pressure; DBP_a, adolescent’s diastolic blood 
pressure.
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SBP_a. While there are several studies on genetic and epigen-
etic factors in childhood, only a few have focused on the regu-
lation of genes and environmental factors during adolescence 
[30-32]. Therefore, further research is needed to bridge the 
gap from childhood to adolescence, with a focus on investi-
gating genetic and epigenetic factors.

Only systolic blood pressure demonstrated a significant me-
diating effect on BMI_a. Given that systolic blood pressure is 
impacted before diastolic blood pressure [38], it appears that 
only SBP_a was affected in our study, likely due to the adoles-
cent age of our population. SBP_a is known to have a relation-
ship with left ventricular morphology in children and adoles-
cents, even more so than diastolic blood pressure [39]. Elevat-
ed SBP_a can result in target organ damage, including hyper-
tensive nephropathy, retinopathy, and cognitive dysfunction, 
potentially leading to serious health issues in adulthood 
[39,40].

This study found that BMI_p had a limited direct effect on 
SBP_a, but it affected SBP_a through mediation by BMI_a. 
Therefore, even if BMI_p is high, managing BMI_a through 
various health promotion programs such as nutrition and ex-
ercise can prevent HTN_a. Reports have indicated that chil-
dren and adolescents often have insufficient physical activity 
and unbalanced nutrition over time [13,23]. Therefore, it is a 
critical period to reinforce policies for effective lifestyle im-
provements among children and adolescents in order to man-
age cardiometabolic diseases.

A strength of this study that it analyzed meticulously col-
lected nationwide data spanning from 2007 to 2021. This data 
was gathered through the KHANES, which has been in opera-
tion since 2007. Furthermore, we took into account causal 
pathways to prevent over-adjustment due to multiple vari-
ables. Notably, this is the inaugural study to assess the rela-
tionship between BMI_p and HTN_a in adolescents. In a previ-
ous study, Xu et al. [37] employed the Baron and Kenny meth-
od, which presents challenges in sensitivity analysis. However, 
we utilized a bootstrapping method to overcome this limita-
tion, and we also conducted a sensitivity analysis.

Nonetheless, this study has some limitations. First, it is a 
cross-sectional study, not a longitudinal one. Although we col-
lected and analyzed data from 2007 to 2021, we were unable 
to examine data related to well-established risk factors for hy-
pertension, such as sleep patterns and early childhood data 
[3]. Second, our secondary data did not include information 
on sleep-related characteristics or breastfeeding during infan-

cy, both of which are significant risk factors for hypertension. 
Despite conducting a sensitivity analysis, the cross-sectional 
nature of our data makes it difficult to fully uphold the as-
sumption of sequential ignorability. We performed the sensi-
tivity analysis with these limitations in mind. While the results 
do offer some support for the sequential ignorability assump-
tion, we acknowledge the challenge of providing definitive 
proof. Therefore, future cohort studies should aim to assess 
the distribution of blood pressure by age, examine early child-
hood data, and evaluate sleep data. Further studies compar-
ing trends in blood pressure and BMI changes in children and 
adolescents will also be necessary.

This study found that BMI_p exerted a significant effect on 
SBP_a through BMI_a. Thus, a high BMI_p, mediated through 
BMI_a, could be significantly associated with adolescent sys-
tolic hypertension. This suggests that special management 
may be required for this high-risk group. However, the study 
did not discuss the mediating effect of obesity on increasing 
children’s blood pressure.
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