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ABSTRACT

Objectives The prevalence of childhood hypertension

is rising in parallel with the increasing prevalence

of overweight and obesity in children. How growth
trajectories from childhood to puberty relate to high
blood pressure (HBP) is not well defined. We aimed to
characterise potential body mass index (BMI) dynamic
changing trajectories from childhood to puberty and
investigate their association with HBP.

Design A dynamic prospective cohort.

Setting China Health and Nutrition Survey 1991-2015.
Participants There were 1907 participants (1027 men
and 880 women) in this study.

Outcomes The primary outcome was HBP defined as
systolic blood pressure (SBP)/diastolic blood pressure
(DBP) exceeding the standards or diagnosis by medical
records or taking antihypertensive medication.

Results A model of cubic parameters with three groups
was chosen, labelled as normal increasing group (85.16%,
n=1624), high increasing group (9.81%, n=187) and
resolving group (5.03%, n=96). Compared with the normal
increasing group, the unadjusted HRs (95% Cls) for the
resolving and high increasing groups were 0.91 (0.45 to
1.86) and 1.88 (1.26 to 2.81), respectively. After adjusting
for baseline age, region, sex, baseline BMI z-score,
baseline SBP and baseline DBP in model 3, the HRs (95%
Cls) for the resolving and high increasing groups were
0.66 (0.30 to 1.45) and 1.56 (1.02 to 2.38).

Conclusions These results indicate that the BMI
trajectories from childhood to puberty have significant
impact on HBP risk. Puberty is a crucial period for the
development of HBP.

INTRODUCTION

There is a high prevalence of hypertension in
China' and it is considered to be the leading
risk factor for cardiovascular mortality.”
Worse still, the current prevalence of hyper-
tension in children is estimated at about
1%-5%, which is higher among minority
adolescents.” The prevalence of childhood
hypertension is rising in parallel with the
increasing prevalence of overweight and
obesity in children.! Many studies have shown
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Strengths and limitations of this study

» A new lifetime approach (the latent class growth
mixed model) was used to identify different trajecto-
ry patterns of body mass index (BMI) from childhood
to puberty (5—19 years).

» This study also explored the relationships between
the BMI trajectory groups and systolic blood pres-
sure /diastolic blood pressure.

» This study fitted changes in nutrient intake, which
is the important risk factor of high blood pressure,
as well as the trends in height and weight of the
participants.®

» The lack of adjustment for biological maturation may
affect the estimation of the impact of BMI trajecto-
ries on blood pressure.

that children with overweight or obesity have
a significantly higher risk of hypertension
than non-overweight children.”™® However,
the great majority of studies on this topic
focused on body mass index (BMI) in a single
or limited number of time points, ignoring
the dynamic BMI changes that occur over
time in child-to-puberty.

BMI trajectories can provide information of
the potential patterns of BMI varying with age
and allow a more accurate interpretation of
the relationship between high blood pressure
(HBP) and obesity. There are several studies
focusing on identifying diverse BMI trajecto-
ries in childhood.”* Buscot et al'” identified
six distinct BMI trajectories from early child-
hood to adulthood and their association with
adult cardiometabolic risk. But few studies
have focused on BMI trajectories from child-
hood to adolescence and linked these trajec-
tories to the risk of HBP.

By using repeated measurements of BMI
measured 3-6 times during 1991-2015 from
the China Health and Nutrition Survey
(CHNS), the current study aimed to identify
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potential BMI dynamic changing trajectories from child-
hood to puberty (5-19 years) and to examine the associa-
tion of BMI trajectories with HBP.

METHODS

Study cohort

In this study, we used data from the CHNS, an ongoing
open longitudinal cohort designed to investigate health
and nutritional status in Chinese Eopulation during
China’s socioeconomic transition.'® '” The survey took
place using a multistage, random cluster process to draw
a sample of about 7200 households with over 30 000
individuals. In addition, three mega cities have joined
this cohort since 2011 and three more provinces joined
since 2015. Ten cross-sectional surveys were undertaken
between 1989 and 2015.

We excluded individuals with missing BMI information,
less than three follow-up visits, prevalent hypertension at
baseline, younger than 5 years old or older than 19 years
old. In addition, we also excluded individuals with 4 SDs
higher or lower than the average of height, weight or
BMI. A total of 1907 subjects were included in this study
and they were repeatedly visited 3-6 times. The average
follow-up year was 7.3 years (5-14 years). BMI data after
the onset of HBP (outcome) were excluded from anal-
yses. Online supplemental figure 1 shows the study popu-
lation selection process. Online supplemental table 1 lists
excluded respondents (n=9784) who were more likely
to be women, generally older, with higher baseline BMI,
higher baseline systolic blood pressure (SBP)/diastolic
blood pressure (DBP), and more likely to be in urban.

Examinations

In each cross-sectional survey, standing height was
measured without shoes to the nearest 0.1 cm using a
portable SECA stadiometer (SECA, Hamburg, Germany).
Weight was measured to the nearest 0.1 kg on a special
scale that was calibrated routinely in light clothing
without shoes. BMI was calculated as weight (kg) divided
by height (m) squared. SBP and DBP were measured
using a mercury sphygmomanometer in a sitting position
after a 15 min rest. Each subject was measured three times
and averaged.

The definition of HBP varied by age. For subjects older
than 18 years, HBP was defined as SBP/DBP >140/90
mm Hg or diagnosis by medical records or taking antihy-
pertensive medication. For those under the age of 18, we
calculated the diagnostic criteria for HBP in children and
adolescents based on the simplified formula criteria for
hypertension screening according to 2018 Chinese guide-
lines for the management of hypertension.' In addition,
medical history or taking antihypertensive medication
were used to assist judgement.

Statistical methods
To improve the comparability of BMI among children of
different ages, we calculated individual BMI z-scores based

on age-specific averages in the cohort."” To obtain zscores,
raw BMIs were converted by subtracting the sample mean
BMI from the individual BMI and dividing by sample SD
at each age point.” *! The same conversion was done for
height and weight to rule out outliers who were 4 SDs higher
or lower than the mean based on z-scores.

The latent class growth mixed model (LCGMM) was
used to identify different trajectory patterns of BMI
zscore.”” Parameters of non-linear growth curves of BMI
z-score were estimated using a random-effects mixed
model as a function of age (centered to 12.21 years, the
mean age of the cohort). In the modeling process, we used
gender as a covariable to adjust for pattern differences
between genders. The mixed model allows for repeated
measurements of study variables and different number of
individual observations at unequally intervals. The mixed
model includes fixed and random effects representing
deviations of BMI z-score for individuals from the fixed-
effects parameters. The model computes maximum like-
lihood estimates of growth curve parameters, including
fixed-effects parameters (for a group) and random-effects
parameters (for each individual within the group). By
combining these two types of parameters, 1907 different
sets of growth curve parameters were generated for each
participant in the study cohort with the intercept, linear
and non-linear parameters varying from individual to
individual.

The model selection was determined by the following
criteria®: a reduction of Bayesian information criterion
of at least 20; high mean posterior class membership
probabilities (>0.65); high mean posterior probabilities
(>0.7). Age and its higher order terms were included one
by one for model building. The higher order terms of age
were not included in the model, if they were not signifi-
cant, or made lower order terms not significant or did not
improve the goodness-of-fit of the model.

To compare characteristics between multiple different
groups, Mann-Whitney test and Kruskal-Wallis test were used
for continuous variables, and y? test was used for categorical
variables. Cox proportional hazard model was used to inves-
tigate the association between the BMI trajectory groups and
HBP with unadjusted in model 1, adjusted for baseline age,
sex, region and baseline BMI zscore in model 2, adjusted
for baseline age, sex, region, baseline BMI z-score and base-
line SBP/DBP in model 3. Linear regression was also used
to analyse the associations between BMI trajectory groups
and SBP/DBP, and B with SE was estimated. In addition
to adjusting the covariates mentioned in Cox proportional
hazard model, the linear regression also adjusted the vari-
able of follow-up years in model 2 and model 3. All statis-
tical analyses were conducted using R V.4.0.3. The statistical
significance level was set at p<0.05.

RESULTS

Table 1 summarises the baseline and follow-up characteris-
tics by blood pressure status at follow-up. A total of 179 cases
of HBP were identified during the follow-up period, with an
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Table 1 Baseline and follow-up characteristics by blood pressure status at follow-up

Total Normal blood pressure High blood pressure
Variable (n=1907) (n=1728) (n=179) P value
Baseline
Age, years 8.6 (1.9) 8.7 (1.9 8.0 (1.6) <0.001
Male, n (%) 1027 (53.8) 928 (53.7) 99 (55.3) 0.682
Urban, n (%) 506 (26.5) 460 (26.6) 46 (25.6) 0.790
BMI, kg/m? 15.8 (2.1) 15.8 (2.1) 15.8 (2.1) 0.977
BMI z-score -0.07 (0.86) -0.09 (0.85) 0.05 (0.90) 0.067
SBP, mm Hg* 89.1 (10.3) 88.8 (10.2) 91.3 (10.3) 0.006
DBP, mm Hg* 58.1 (8.3) 57.9 (8.3) 60.0 (8.0 0.002
Follow-up
Age, years 16.0 (2.0) 16.1 (2.0) 14.6 (1.8) <0.001
BMI, kg/m? 19.5 (2.5) 19.5 (2.5) 19.7 (2.9) 0.473
BMI z-score -0.03 (0.87) -0.06 (0.84) 0.27 (1.05) <0.001
SBP, mm Hg* 106.3 (11.6) 105.0 (10.9) 118.1 (10.9) <0.001
DBP, mm Hg* 69.7 (8.8) 68.3 (7.9) 82.6 (5.5) <0.001
Follow-up, years 7.3(1.8) 7.4(1.8) 6.6 (1.4) <0.001

Data are means (SD), or n (%).

P values: the differences between normal blood pressure group and high blood pressure group.

*Results of SBP/DBP were calculated after removing missing value

BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.

incidence density of 12.8 per 1000 person-years. Compared
with the normal blood pressure group, participants in HBP
group were younger and had higher baseline SBP, higher
baseline DBP and longer follow-up years. These differ-
ences remained statistically significant until the end of the
follow-up. In addition, participants in the HBP group were
more likely to be men and live in urban than those in the
normal blood pressure group and had higher BMI levels,
although these differences were not statistically significant.
Online supplemental table 2 shows the age distribution of
onset in HBP group by gender. Online supplemental table 3
shows the baseline and follow-up survey years by blood pres-
sure status at follow-up.

We fitted models from 1 class to 4 classes of linear,
quadratic and cubic curves, respectively. A model of cubic
parameters with three groups was chosen with lower
Bayesian information criterion, higher posterior proba-
bilities and group membership probability. The detailed
information on the LCGMM results of fitting process is
shown in online supplemental table 4.

Figure 1 shows the three distinct trajectories of BMI,
labelled as normal increasing group (85.16%, n=1624),
high increasing group (9.81%, n=187) and resolving
group (5.03%, n=96). In the normal increasing group,
BMI remained a low level within normal weight status
throughout follow-up. In the high increasing group, BMI
increased gradually, reaching a peak around age 16 and
exceeding the upper limit of normal. BMI levels of partic-
ipants in the high increasing group were consistently
significantly higher than normal increasing group at any
age points, and this difference can be seen as early as
childhood. In the resolving group, BMI increased more

rapidly than that of the high increasing group, resulting
in an obesity status in childhood (8-10 years), but it
dropped to the normal level in puberty (12-18 years).
The trajectory parameters were all significantly different
from 0 (p<0.05). The curve parameters of fixed and
random effects in the three trajectory groups are shown
in online supplemental table 5. BMI trajectories in men
and women were similar (online supplemental figure 2).

Table 2 summarises the characteristics of study vari-
ables by BMI trajectory groups. Significant differences

obesity

overweight
25
Latent Classes

NE Normal increasing
> P — // n=1624
~< 2 P — - ___ Resolving
s —_— n=96
o ____ High increasing

normal n=187

6 8 10 12 14 16 18
Age, years

Figure 1 Predicted trajectories of BMI from childhood to
puberty. The trajectories are shown in solid lines, and the
95% Cls are shown in shadow. Overweight and obesity
were defined by the health industry standard of the People’s
Republic of China (WS/T 586—2018) issued by National
Health Commission of the People’s Republic of China.

See detailed information on the curve parameters in online
supplemental table 5. BMI, body mass index.
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Table 2 Baseline and follow-up characteristics by latent BMI pattern classes

Normal increasing Resolving High increasing
Variable 1624 (85.2%) 96 (5.0%) 187 (9.8%) P value
Baseline
Age, years 8.7 (1.9) 8.3 (1.8) 8.5(1.8) 0.205
Male, n (%) 882 (54.3) 45 (46.8) 100 (53.4) 0.363
Urban, n (%) 422 (25.9) 30 (31.2) 54 (28.8) 0.392
BMI, kg/m? 15.4 (1.6) 19.7 (3.1) 17.4 (2.3) <0.001
BMI z-score —-0.25 (0.66) 1.64 (1.23) 0.62 (0.84) <0.001
SBP, mm Hg* 88.7 (10.1) 90.4 (13.1) 91.3 (10.1) 0.001
DBP, mm Hg* 57.8 (8.3) 59.4 (9.4) 60.6 (7.6) <0.001
Follow-up
Age, years 16.0 (2.0) 15.8 (1.9) 15.6 (2.1) 0.308
BMI, kg/m? 19.0 (2.1) 20.0 (2.3) 23.5 (2.0 <0.001
BMI z-score -0.22 (0.68) 0.18 (0.90) 1.52 (0.72) <0.001
SBP, mm Hg* 105.8 (11.5) 108.3 (10.9) 110.0 (11.7) <0.001
DBP, mm Hg* 69.4 (8.9) 71.5(8.0) 72.0 (8.0) <0.001
Follow-up, years 7.3 (1.8) 7.5 (2.0) 7.1 (1.6) 0.393
HBP, n (%) 142 (8.7) 8(8.3) 29 (15.5) 0.010

Data are means (SD) or n (%).

P values: the differences between normal increasing group, resolving group and high increasing group.

*Results of SBP/DBP were calculated after removing missing value

BMI, body mass index; DBP, diastolic blood pressure; HBP, high blood pressure; SBP, systolic blood pressure.

in BMI, SBP and DBP among the three trajectory
groups were observed at baseline (p<0.001). The high
increasing group had the highest follow-up BMI of 23.5
kg/ m?, followed by the resolving group, and the normal
increasing group had the lowest follow-up BMI of 19.0
kg/ m?, and the differences were statistically significant
(p<0.001).

Table 3 presents HRs and 95% CIs for the association
between the trajectory groups and HBP. Compared with the
reference (normal increasing) group, the unadjusted HRs
(95% CIs) for the resolving and high increasing groups were
0.91 (0.45 to 1.86) and 1.88 (1.26 to 2.81), respectively. After
adjusting for baseline age, region, sex and baseline BMI
zscore in model 2, the HRs (95% CIs) for the resolving and

Table 3 HRs and 95% Cls of BMI trajectory groups for high blood pressure

Model 1 Model 2 Model 3

HR (95% ClI) P value HR (95% ClI) P value HR (95% ClI) P value
Total
Normal increasing 1.00 (reference) 1.00 (reference) 1.00 (reference)
Resolving 0.91 (0.45 to 1.86) 0.799 0.67 (0.30 to 1.47) 0.317 0.66 (0.30 to 1.45) 0.306
High increasing 1.88 (1.26 to 2.81) 0.002 1.66 (1.09 to 2.54) 0.018 1.56 (1.02 to 2.38) 0.040
Female
Normal increasing 1.00 (reference) 1.00 (reference) 1.00 (reference)
Resolving 0.88 (0.32 to 2.41) 0.799 0.53 (0.18 to 1.57) 0.252 0.54 (0.19 to 1.59) 0.266
High increasing 2.33 (1.32 to 4.11) 0.003 2.05 (1.14 t0 3.72) 0.017 1.90 (1.05 to 3.45) 0.035
Male
Normal increasing 1.00 (reference) 1.00 (reference) 1.00 (reference)
Resolving 1.02 (0.37 to 2.78) 0.973 0.86 (0.27 to 2.77) 0.800 0.86 (0.27 to 2.75) 0.797
High increasing 1.56 (0.89 to 2.76) 0.124 1.48 (0.81 t0 2.70) 0.205 1.37 (0.75 to 2.50) 0.310

Model 1: Unadjusted for any covariates

Model 2: Adjusted for baseline age, region, sex (only for total) and baseline BMI z-score

Model 3: Adjusted for baseline age, region, sex (only for total), baseline BMI z-score, baseline SBP and baseline DBP
BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Figure 2 Trajectories of height and weight from childhood to
puberty. (A) for height; (B) for weight.

high increasing groups were 0.67 (0.30 to 1.47) and 1.66
(1.09 to 2.54), respectively. After additional adjustment for
baseline SBP level and baseline DBP level in model 3, the
HRs (95% ClIs) were 0.66 (0.30 to 1.45) and 1.56 (1.02 to
2.38). In addition, we found similar relationship between the
BMI trajectory groups and HBP in male and female respon-
dents, except that the HR (95% CI) for the resolving group
was 1.02 (0.37 to 2.78) without any adjustment in model 1
among male respondents. Online supplemental table 6 pres-
ents  and SE for the linear regression used to analyse the
associations between BMI trajectory groups and SBP/DBP.
The results of linear regression showed the same trend as the
Cox proportional hazard model. Compared with the refer-
ence (normal increasing) group, the high increasing group
was associated with a higher level of SBP (3=3.44, p<0.001),
and similar pattern was also observed in DBP (B=1.65,
p=0.024) with adjusting for baseline age, region, follow-up
years, sex and baseline BMI zscore, baseline SBP and base-
line DBP in model 3. There was no significant association
between the resolving group and SBP/DBP, except that it
was associated with a higher level of DBP (B=2.11, p=0.033)
without any adjustment in model 1.

Figure 2 shows the trajectories of height and weight
change in this study cohort. At puberty, the resolving
group showed a higher rate of height change than the high
increasing group, although the height level was slightly
lower. Even at ages 16-18, the resolving group had a higher
height level than the high increasing group. In contrast, for
the weight, the high increasing group had a considerably
higher increasing rate and much higher weight level than
the resolving group. Online supplemental figure 3 shows the
changes of nutrition intake in different trajectory groups.
Energy and fat intake in the high increasing group increased
significantly and remained high throughout the period of
puberty (10-16 years).

DISCUSSION

In this community-based cohort with repeated measure-
ments of BMI, we characterised BMI growth trajectories
from childhood to puberty and explored the relationship
between BMI trajectory groups and HBP incidence. We

observed three distinct trajectories of BMI from child-
hood to puberty that were associated differently with the
risk of HBP. Previous observational studies have shown
that the BMI levels during adolescence can influence the
incidence of hypertension.” But this study is one of the
first studies to explore the trajectories of BMI in Chinese
children and adolescents and their relationship with
HBP. This study provides new insights into the origins of
obesity-related HBP in childhood and adolescence and
highlights the importance of BMI trajectories during
adolescence in assessing the risk of HBP.

Of three different BMI growth trajectories found in
this study, normal increasing group (85.16%, n=1624)
accounted for the majority, in which BMI remained a low
level within normal weight status throughout follow-up.
In the high increasing group, BMI increased gradually,
reaching a peak around age 16 and exceeding the upper
limit of normal. However, compared with the resolving
group, the high increasing group had a lower baseline
BMI z-score and remained within the normal range at
follow-up. Compared with the normal increasing group,
the HR (95% CI) for the high increasing was 1.88 (1.26
to 2.81). Ahanchi et al”® previously reported that among
women, trend of increasing BMI parallel with age can be
a better predictor for risk of developing hypertension
than those with higher BMI at baseline. Bérnhorst et al**
reported the conclusion that higher BMI growth during
all periods was related to a higher metabolic risk indepen-
dent of prior BMI growth, BMI at birth and confounding
factors. Fan et al”® reported that the level-independent
BMI trajectories during young adulthood have significant
impact on hypertension risk. All of the studies mentioned
above came to similar conclusions to the current study,
although we focused on different ages.

Remarkably, we found a resolving group (5.03%, n=96)
in which BMI increased rapidly than that of the high
increasing group, resulting in an obesity status in childhood
(8-10 years), but it dropped to normal level in puberty
(12-18 years). Our Cox regression analyses showed that the
resolving group had a lower risk of HBP than the normal
increasing group, with a HR value of 0.67 though not statis-
tically significant. There are limited comparable literatures
with similar research objectives. Buscot ¢ al” reported a
resolving group in which participants were affected by over-
weight or obesity in childhood but progressively reversed
their elevated BMI status between 30 and 50 years of age.
For this group, the risk ratio of HBP was 0.76 compared with
the stable normal group. Norris et a® developed a growth
mixture model to capture heterogeneity in BMI trajecto-
ries between 7.5 and 24.5 years and found that individuals
with high BMI across childhood had lower cardiometabolic
disease risk than those who did not become overweight or
obese until late adolescence. Ohlsson et af” reported that
boys who were overweight during puberty and those who
remained overweight throughout childhood and puberty,
but not those who were overweight during childhood but
returned to normal during puberty, had an increased risk
of cardiovascular mortality. These conclusions are consistent
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with our conclusion that controlling BMI during puberty
can significantly reduce the risk of HBP and highlight that
puberty is a crucial period for the development of HBP.
As emphasised by the critical period model, the timing of
exposure such as at a specific time in the life process which
can have a lasting effect on anatomy or physiological func-
tion that may ultimately lead to disease.”® Individuals with
obesity have lower levels of growth hormone. This reduc-
tion is functional and can be almost reversed by weight loss
but can lead to anthropometric and metabolic changes that
increase cardiometabolic risk.’ In addition, obesity-induced
insulin resistance in adolescents with obesity may also have
a relationship with endothelial dysfunction and increased
carotid intima-media thickness.””*" Our findings suggest that
reversing high BMI levels and BMI change rate in puberty
may lead to better blood pressure profiles than remaining
stable high increasing.

In addition, we found that energy and fatintake in the high
increasing group increase significantly and remained high
throughout the period of puberty (10-16 years). Ambrosini
et al” reported that an energy-dense, high-fat diet pattern
might be positively associated with obesity. Several studies
explored the relationship between dietary patterns and
cardiovascular disease using data from CHNS and drew the
conclusion that modern dietary patterns with high energy
and high fat intake were associated with a higher risk of
adverse cardiovascular disease (CVD) outcomes.” ™ To sum
up, it is of great significance to adjust the dietary pattern in
puberty and reduce the intake of energy and fat for reducing
the increasing level of BMI and the incidence of HBP.

Comparison with previous studies

The current study is one of the first studies to focus
on the BMI trajectories from children to adolescence.
Recently, Wang et al * assessed the BMI trajectory-
related hypertension risk with the data of Zhongshan
school physical examination database. Ziyab et al'’ iden-
tified trajectories of BMI from 1 to 18 years of age and
determined whether BMI trajectories predict blood
pressure at 18 years. But our study has some additional
advantages. First, group-based trajectory modelling
(GBTM) was applied in both of the studies mentioned
above. GBTM is a device to estimate trajectory distribu-
tion under the premise of unknown population distribu-
tion. The trajectory groups should be taken as clusters of
individuals following the same trajectory approximately.
But LCGMM was used in our study, so that we could find
more personalised growth trajectories that actually exist.
Second, we identified a group that returned to normal
BMI increasing levels that could be used to compare
outcomes between participants who had controlled the
BMI increase trend during adolescence and those who
remained highly increased. Third, we fitted changes in
nutrient intake, which are the important risk factors for
HBP, as well as the trends in height and weight of the
participants to analyse the possible causes and processes
of the BMI trajectories.

Strengths and weaknesses

This study had several strengths. The cohort from which
we extracted the data is an Asian population with a rela-
tively large cohort size, long follow-up years and repeated
measures of study variables over time using a consistent
study protocol. What is more, the LCGMM approach
provides a posteriori identification of distinct BMI
trajectories, thus avoiding misclassification and loss of
information. In addition, we used incidence instead of
prevalence, which is suitable for analysing the HBP levels
in different BMI trajectory groups in specific population.
On the other hand, several limitations of this study also
need to be considered. First, the assessment of HBP was
partly based on the self-reports. The incidence of HBP
may be underestimated in CHNS, which may lead to the
bias of Cox proportional hazard model results. Second,
compared with the children included in the study, a large
proportion of children were excluded, and there were
significant differences between the two groups, which
may lead to selection bias. Third, due to the lack of rele-
vant data in CHNS, biological maturity indicators have
not been adjusted, which may affect the estimation of the
impact of BMI trajectories on blood pressure.

CONCLUSIONS

In summary, the current study identified three distinct
trajectories of BMI from childhood to puberty for Chinese.
The high increasing group had a significantly high risk
of HBP. However, for the resolving group in which BMI
dropped to the normal level in puberty there was no
significant impact on the risk of HBP. Puberty is a crucial
period for the development of HBP. Early prevention and
intervention by adjusting dietary patterns in puberty are
of great significance to prevent HBP. This study provides
new insights into the origins of obesity-related HBP in
childhood and adolescence and highlights the impor-
tance of BMI trajectories during adolescence in assessing
the risk of HBP, although further detailed studies with
large sample sizes are needed to support our results.
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