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Objectives. To identify body mass index (BMI) trajectories in Chinese children and to

compare the risk of incident high blood pressure (HBP) across trajectory groups.

Methods. A total of 9286 children were included. The mean age at baseline was 8.9

years; age at endpoint ranged between 16 and 18 years. At least 8 measurements were

obtained from each involved child.We used group-based trajectory modeling to identify

BMI trajectory groups in each sex. We used blood pressure from each measurement to

define HBP.

Results. We identified 4 BMI trajectories for each sex. Compared with the low tra-

jectory group, the hazard ratios of HBP in the higher trajectory groups ranged from 1.17

(95% confidence interval [CI] = 1.11, 1.23) to 2.00 (95% CI = 1.78, 2.27) during follow-up,

and HBP risk at late adolescence ranged from 1.36 (95% CI = 1.22, 1.52) to 3.63 (95%

CI = 3.12, 4.21). All trend P values across trajectories were less than .001. In terms of

population level, overweight started 3 years earlier than HBP.

Conclusions. Children of higher BMI trajectories had a higher risk of HBP during ad-

olescence. The transition period from overweight to HBP onset could be critical for HBP

prevention. (Am J Public Health. 2020;110:1689–1695. https://doi.org/10.2105/AJPH.

2020.305873)

See also D’Agostino and Skinner, p. 1599.

High blood pressure (HBP) and hyper-
tension have brought a heavy burden

to global public health in recent decades,1,2

and the situation is increasingly severe in
Southeast Asia.3–5 Childhood obesity is a
well-documented risk factor for adulthood
hypertension.6–8 In China, prevalence of
overweight and obesity among children aged
7 to 17 years has increased from 4.8% in 1995
to 18.4% in 2014,9 and has become an
alarming issue in public health.10 Although
bodymass index (BMI) iswidely acceptable to
evaluate children’s weight status and related
disease risk, a simple classification of over-
weight and obesity by BMI in 1 visit may not
be sufficient to explain HBP risk in later life.

To better understand the effect of child-
hood BMI on disease risk in later life, the BMI
trajectory during childhood has been draw-
ing researchers’ attention. Different from
the BMI in a single or limited number of

measurements, BMI trajectories help to
capture the dynamic change of BMI within a
certain time period.11 Because of the rapid
change of BMI during adolescence, study of
BMI trajectories may provide more infor-
mation on the association between BMI and
risk of HBP.

Buscot et al.12 found that compared with
children with a normal, stable BMI trajectory,
children of worsening or persisting obesity
were generally associated with an increased
risk of cerebrovascular disease in their early

adulthood. A study in young adults aged 20 to
35 years also found that a higher-than-normal
level of BMI trajectory was associated with
increased hypertension risk.13 However, as a
considerable number of studies have proven
that the roots of hypertension in adulthood
could extend back into childhood,14 under-
standing the relationship between adolescent
BMI trajectories and hypertension in late
adolescence is necessary for the early stage of
disease control and for early primary and
secondary prevention of hypertension.

By using annually repeated BMI mea-
surements from the age of 7 to 18 years among
children and adolescents in Guangdong,
China, this study aimed to identify various
modes of BMI trajectories during adoles-
cence, to compare incidence rates of HBP
between different BMI trajectories during the
follow-up period, and to estimate the interval
between overweight onset and HBP onset.

METHODS
The data in this study came from the

Zhongshan school physical examination da-
tabase between 2006 and 2016. All of the
measurements were conducted by qualified
medical physicians from medical establish-
ments. In the present study, 78 428 mea-
surements from 9286 participants with
normal blood pressure at baseline, when they
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had their physical examination at primary
school (mainly in 2006–2008) for the first
time, were included. The endpoint was de-
fined as the time of the last physical exami-
nation for each participant, which mainly
happened during high school. At least 8
measurements were obtained from each
participant; therefore, the quality of model fit
on BMI trajectories was relatively good.

Measurements
Participants’ sex and date of birth were

collected at their first physical examination in
primary school and were recorded in the
school register system along with the date of
the examination. The age at each follow-up
examination was calculated as (date of ex-
amination – date of birth)/365.25.

Height was measured using the portable
stadiometer (model TZG, Jiangyin No. 2
Medical Equipment Factory, Jiangsu Prov-
ince, China) to the nearest 0.1 centimeter,
with students standing straight and barefoot.
Weight was measured with a lever type
weight scale (model RGT-140, Shanghai
Dachuan Electronic Weighing Apparatus Co
Ltd, Shanghai, China) to the nearest 0.1 ki-
logram while children were wearing under-
garments. BMI was calculated as weight in
kilograms divided by the square of height in
meters. Overweight and thinness were de-
fined as age- and sex-specific BMI z scores of
greater than or equal to 1 or less than –2,while
stunting was defined as height-for-age z
scores less than –2, according to the World
Health Organization (WHO) growth
reference.15

Blood pressure was measured consistent
with the recommendation of 2017 Clinical
Practice Guideline for Screening and Man-
agement of High Blood Pressure in Children
(2017 Guideline).16 Mercury sphygmoma-
nometers (model XJ11D, Shanghai Medical
Instruments Co Ltd, Shanghai, China),
stethoscopes (model TZ-1, ShanghaiMedical
Instruments Co Ltd, Shanghai, China), and
appropriate cuffs were used for the mea-
surement. Participants were asked to sit
quietly for at least 5 minutes before the first
reading. Systolic blood pressure (SBP) was
determined by onset of the first Korotkoff
sound and diastolic blood pressure (DBP) was
determined by the fifth Korotkoff sound.
Blood pressure was measured twice with a

5-minute gap between the 2 measurements
from the right arm. If the difference between
2 measurements was 10 millimeters of mer-
cury or higher (mmHg; either SBP or DBP),
an extra measurement would be conducted
until the difference between the last 2 mea-
surements was less than 10 mm Hg.

The average of SBP and DBP values were
calculated, respectively. HBP is defined as
blood pressure greater than or equal to the
95th percentile for children younger than 13
years, and blood pressure greater than or equal
to 130/80 mm Hg for children aged 13 years
or older, according to the 2017 Guideline.16

Blood pressure outcome at late adolescence
indicates the last blood pressure measurement
of each involved child, which occurred be-
tween the ages of 16 and 18 years. Follow-up
time was defined as the time period between
the first and the last physical examination.

Students’ residential area was recorded as
urban or rural based on their household
register card (Hukou booklet) and collected
from their guardians. The division of urban
and rural residential records was based on
the statistical division and code of urban and
rural division from the National Bureau of
Statistics.

All measurements had been logically
checked before being recorded into the
system and the examination results were
returned to the parents. After careful recheck
of the database, no biologically implausible
values were identified and excluded in the
present analysis.

Statistical Analysis
We used a Stata plugin for group-based

trajectory modeling (GBTM) developed by
Bobby Jones to identify different trajectory
groups of BMI over the ages from 7 to 18
years.17 We modeled trajectories with a
censored normal distribution by sex with
following steps.18 First, we conducted a
1-trajectory model to determine whether
shapes of BMI trajectories were linear, qua-
dratic, or cubic according to the Bayesian
information criteria (BIC). Second, we in-
creased the number of trajectory groups in the
model by 1 and the repeated steps until we
found the best-fit model. We based model
selectionmainly on the absolute value of BIC.
However, we modified it by (1) BIC de-
creased by at least 20, (2) high mean posterior

probability greater than 0.7, and (3) the odds
of correct classification based on the posterior
probabilities of group membership greater
than 5 for each group.11,19 To maintain an
adequate sample size of each group, we
performed models with 2 to 5 classes in the
current study.13 As we were aware that the
BMI trajectory could have sex disparities, we
conducted GBTM separately for both sexes.
We compared parameters for both sexes, and
we based the final decision on the optimal
number of trajectory groups on the solution
that contained the trajectories common to
both sexes, which was cubic trajectories of 4
groups for both sexes. The model came with
the minimum BIC absolute value, as well
with adequate sample size for each trajectory
group and the highest mean posterior prob-
abilities. The results of model fitting process
are displayed in Tables A and B (available as
supplements to the online version of this
article at http://www.ajph.org).

We used Cox parametric survival regres-
sion models to estimate the differences on
HBP risks among 4 different BMI trajectory
groups during follow-up, with the follow-up
time set as time variable, and the HBP inci-
dence during follow-up as the outcome. We
used log binomial regressionmodels reporting
risk ratios, as well as a linear trend test, to
analyze the association between BMI tra-
jectory groups and HBP risk in late adoles-
cence, with participants’ last blood pressure
measurement set as the outcome. We also
estimated the association between the age
of overweight onset and HBP risk in late
adolescence with a log-binomial regression
model. We recruited children’s baseline SBP,
baseline age, and urban or rural residence in all
adjusted models for the analysis described
previously. We calculated age- and sex-
specific incident rates and 95% confidence
intervals (CIs) of HBP and overweight for
each BMI trajectory group.

We performed all analyses with Stata
version 14.0 (StataCorp LP, College Station,
TX), and we considered the associations to be
significant when P was less than .05.

RESULTS
The results of the 4 distinct BMI trajectory

groups for each sex are displayed in Figure 1
and are labeled as low (42.7% in boys vs 37.5%
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in girls), middle (38.2% in boys vs 42.7% in
girls), high (14.9% in boys vs 17.0% in girls),
and very high (4.2% in boys vs 2.8% in girls).
We compared the BMI levels of these tra-
jectories with growth references recom-
mended byWHO. In boys, BMI of the “very
high” and “high” trajectories were each
higher than WHO cutoffs of obesity and
overweight, while that of “middle” trajectory
was close to the normal cutoff. In girls, the
“very high,” “high,” and “middle” trajec-
tories each coincided with WHO cutoffs of
obesity, overweight, and normal. The “low”
trajectories in both sexes were between
WHO cutoffs of normal and thinness, close
to the curve of the BMI z score of –1.

Table 1 shows the baseline characteristics by
trajectory groups. A total of 9286 children
were recruited in the present study (50.1%
were boys), with an average baseline age of 8.9
(SD=1.2) years and average follow-up time of
9.0 (SD=1.0) years. During follow-up, the
overall incidence rate of HBP was 6.51 (95%
CI= 6.36, 6.65) per 100 person-years. A total
of 1569 (16.9%) participants were identified as
having HBP at endpoint in their late adoles-
cence. The percentage of participants enrolled
at each age is presented in Table C (available as
a supplement to the online version of this
article at http://www.ajph.org) by BMI tra-
jectory groups.

Table 2 presents the differences of HBP
risk among 4 trajectory groups during

follow-up and at late adolescence. Compared
withmiddle trajectory group, the hazard ratio
of HBP incidence was 0.71 (95% CI= 0.68,
0.74) in low trajectory group, and ranged
from 1.44 (95%CI= 1.38, 1.51) to 2.50 (95%
CI= 2.35, 2.66) during follow-up; the trend
P from lower to higher trajectory groups was
less than .001. The HBP risk for participants
in higher trajectory groups was also higher at
the end of follow-up, with the risk ratios
ranging from 1.58 (95% CI= 1.37, 1.83) to
3.98 (95% CI= 3.15, 5.03), and trend P level
was less than .001. These results did not differ
by sex, and remained consistent after ad-
justment of participants’ baseline BMI,
baseline SBP, and urban or rural living con-
dition. Among those in higher trajectory
groups, the earlier they became overweight,
the more likely they got HBP at late ado-
lescence (results displayed in Table D, avail-
able as a supplement to the online version of
this article at http://www.ajph.org). This
trend was especially significant in boys.

Figure 2 presents age-specific incidence
rates ofHBP by sex and trajectory groups, and
the corresponding values and CIs are dis-
played inTable E (available as a supplement to
the online version of this article at http://
www.ajph.org). Age-specific incidence rates
of overweight are also presented (Table F,
available as a supplement to the online version
of this article at http://www.ajph.org). The
peak age of overweight incidence was 9 years

for both sexes, and was around 3 years earlier
than the peak age of HBP incidence. The
change in HBP incidence rate with age was
parabolic in each trajectory group, while
higher incidence rates were found in higher
BMI trajectory groups.

DISCUSSION
In this longitudinal study, with 78 428

measurements from 9286 Chinese children
and adolescents, we identified 4 distinct BMI
trajectories from ages 7 to 18 years. We es-
timated the incidence rates of hypertension
in participants of different BMI trajectory
groups, as well as their association with onset
of overweight.We found the group of higher
BMI trajectories had higherHBP risk, and the
change of HBP incidence rate with age was
parabolic in each trajectory group, while we
found higher incidence rates in higher BMI
trajectory groups. Moreover, the earlier
overweight and obesity began, the higher
the HBP risk was in late adolescence. The
pathway from excessive fat to HBP could be
caused by the accumulation of dysfunctional
adipose tissue and would take time.20 We
found a possible 3-year transition period from
overweight onset to HBP onset, which could
be a critical window period for intervention.
The participants of the present study were
from Guangdong, China, which is one of the
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Note. BMI = body mass index. Solid lines indicate the trajectory groups, while gray shades indicate 95% confidence intervals of each trajectory group. Gray dash lines from
bottom to top represent World Health Organization cutoffs for thinness, slim, normal, overweight, and obesity (z score of –2 SD, –1 SD, median, 1 SD, and 2 SD,
respectively).15

FIGURE 1—Trajectories of Body Mass Index During Adolescence Compared With the World Health Organization 2007 Growth Reference in
Children and Adolescents for (a) Boys and (b) Girls: Guangdong, China, 2006–2016
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southernmost provinces. Although people
from this part of China have lower BMI than
those from northern parts, a previous study
found that there was no significant difference
in BMI categories and related mortality from
cardiovascular diseases between geographical
areas.21 Thus, the findings of this study may
apply to the general Chinese population.

Various BMI trajectories were detected by
different studies11,22–26 when using GBTM
to derive sets of growth patterns by grouping
children with similar growth patterns.27 The
specific number of groups may be related to
the age range, follow-up time, and number of
participants.13 The present study was one of
the first studies to assess the BMI trajectory–
related HBP risk in school-aged children, and
we identified 4 distinct trajectories of BMI for
school-aged children for both sexes. Despite
the fact that the overall BMI level in our
participants was relatively lower, the trajec-
tories identified in our study were similar to
those found in the US National Longitudinal
Survey of Youth23 and in the Early Bird
cohort in the United Kingdom.25

Previous studies described BMI trajecto-
ries from late adolescence to middle age and
their related hypertension risk,28–30 which
underscored the importance of higher weight
and weight gain in increasing the risk of
hypertension from young adulthood into
later life. From the present study, we have
reached a consistent conclusion in school-age
children, and additionally detected an early
warning period at the age of 9 years, when the
overweight incidence reached its peak. These
findings illustrated that BMI polarization
could start at an early age, and the window
period of population-based hypertension
prevention could be brought forward to the
time before the explosion of overweight.
With the premise that earlier start of over-
weight leads to higher blood pressure in late
adolescence, it might be more cost-effective
to take prompt actions to control the growth
of overweight. Although we found that
children with lower BMI trajectories were
associated with lower HBP risk, we still
recommend that children should keep a
moderate, rather than low growth pattern

during adolescence, for their comprehensive
and healthy development.

Instead of prevalence, we used incidence
rates to assess HBP across BMI trajectory
groups, which is appropriate for analyzing the
rapid change of new cases in a specific pop-
ulation.31Research focusing on the incidence
of HBP in children and adolescents is quite
rare. This study may provide new and dy-
namic insight to the change of HBP in this
population by displaying the speed at which
new cases of HBP occurred in the pop-
ulation.32 In the present study, we found that
there were only a few new HBP cases be-
tween the ages of 16 and 18 years in children
of higher BMI trajectories; it caused excep-
tionally large CIs of the estimation, but also
warranted that interventions should start
before the peak incidence age.

Limitations
There were several limitations about the

present study. The major limitation was that
the data came from routine school health

TABLE 1—Characteristics of Participants at Baseline and During Follow-Up, by Body Mass Index Trajectory Groups: Guangdong, China, 2006–
2016

Trajectory Group

Variables Overall Low Middlea High Very High

Number of participants, no. (%) 9286 3 725 (40.1) 3 754 (40.4) 1 480 (15.9) 327 (3.5)

Male, no. (%) 4 650 (50.1) 1 985 (53.3)** 1 776 (47.3) 694 (46.9)** 195 (59.6)*

Urban living, no. (%) 4 612 (49.7) 1 698 (45.6)** 1 894 (50.5) 846 (57.2)** 174 (53.2)**

Baseline

Age, y, mean 6SD 8.2 60.9 8.2 60.9 8.2 60.9 8.2 60.9 8.2 60.9

BMI, kg/m2, mean 6SD 15.3 62.0 14.1 60.9** 15.4 61.2 17.2 61.8** 20.3 62.7**

SBP, mm Hg, mean 6SD 104.6 65.5 103.9 65.5** 104.7 65.4 105.6 65.4** 106.5 65.4**

DBP, mm Hg, mean 6SD 66.6 64.7 66.3 64.7 66.6 64.7 67.0 64.7** 67.1 65.0

Thinness,b no. (%) 673 (7.2) 650 (17.5)** 23 (0.6) . . . . . .

Stunting,b no. (%) 539 (5.8) 318 (8.5)** 164 (4.4) 45 (3.0)** 12 (3.7)*

Overweight,b no. (%) 994 (10.7) 6 (0.2)** 126 (3.4) 570 (38.5)** 292 (89.3)**

Follow-up

Years, mean 6SD 9.0 61.0 9.1 61.0 9.0 61.0 9.0 61.0 9.1 61.1

Average incident HBP/100 person-y (95% CI) 6.51 (6.36, 6.65) 5.92 (5.70, 6.14)** 6.51 (6.28, 6.75) 7.66 (7.25, 8.08)** 8.67 (7.76, 9.68)**

Total measurement with detected HBP, no. (%) 18 440 (23.5) 6 017 (19.3)** 7 348 (23.1) 3 840 (30.4)** 1 235 (44.5)**

HBP prevalence at endpoint, no. (%) 1 569 (16.9) 452 (12.1)** 620 (16.5) 353 (23.9)** 144 (44.0)**

Overweight at endpoint, no. (%) 770 (8.3) . . . 37 (1.0) 429 (29.0)** 304 (93.0)**

Note. BMI = body mass index; CI = confidence interval; DBP=diastolic blood pressure; HBP=high blood pressure; kg/m2=weight in kilograms divided by the
square of height in meters; mm Hg=millimeters of mercury; SBP = systolic blood pressure.
aThe middle trajectory group was set as the reference.
bAccording to the World Health Organization 2007 growth reference.15

*P < .05 compared with the reference group; **P < .01 compared with the reference group.
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examinations, and some important risk factors
for HBP, such as participants’ race/ethnicity,
socioeconomic status, quality of dietary in-
take, and time of physical activity, were
unavailable. As these factors also matter in the
development of BMI, we hope to include this
relevant information in further studies. In
addition, because of the lack of school in-
formation, we were unable to perform the
analysis accounting for school-level cluster-
ing. Although its influence on statistical

efficiency could be limited,33 it should be
noticed in the generalization of the present
study.

Moreover, because of the site conditions of
school health examination, blood pressure
was defined with the average of 2 measure-
ments from a single time, which makes the
reported percentage of children with HBP
risk higher than that from other studies with a
similar setting. Studies found that only 22% to
56% of the children would remain the same

hypertension stage on 3 different occasions.16

According to this percentage, estimated
prevalence of hypertension in the participants
at endpoint could be 3.7% to 9.5%. This was
essentially close to what Song et al. had re-
ported in their study, in which the pooled
prevalence in children younger than 19 years
was 4.59% (95% CI= 3.24%, 6.15%)34 and
was close to domestic data with prevalence of
8.9% to 11.8% (data not published in English).
White-coat hypertension could also have

TABLE 2—Odds Ratios and 95% Confidence Intervals of High Blood Pressure Risks Among Different Body Mass Index Trajectory Groups:
Guangdong, China, 2006–2016

HBP During Follow-Up, HR (95% CI) HBP at Late Adolescence, RR (95% CI)

Trajectory Group Total Boys Girls Total Boys Girls

Crude model

Low 0.71 (0.68, 0.74) 0.66 (0.63, 0.69) 0.74 (0.68, 0.81) 0.70 (0.61, 0.80) 0.59 (0.51, 0.69) 0.74 (0.57, 0.98)

Middle (Ref) 1 1 1 1 1 1

High 1.44 (1.38, 1.51) 1.49 (1.41, 1.57) 1.45 (1.32, 1.60) 1.58 (1.37, 1.83) 1.71 (1.42, 2.06) 1.57 (1.18, 2.09)

Very high 2.50 (2.35, 2.66) 1.96 (1.82, 2.10) 3.53 (3.10, 4.02) 3.98 (3.15, 5.03) 3.55 (2.62, 4.80) 4.44 (2.89, 6.83)

P for trend < .001 < .001 < .001 < .001 < .001 < .001

Adjusted model

Low 0.83 (0.78, 0.89) 0.75 (0.70, 0.81) 0.73 (0.63, 0.85) 0.73 (0.64, 0.83) 0.63 (0.54, 0.74) 0.74 (0.56, 0.98)

Middle (Ref) 1 1 1 1 1 1

High 1.46 (1.36, 1.56) 1.71 (1.58, 1.86) 1.24 (1.07, 1.43) 1.51 (1.30, 1.75) 1.66 (1.38, 2.01) 1.47 (1.10, 1.96)

Very high 2.70 (2.46, 2.97) 2.33 (2.10, 2.59) 3.09 (2.53, 3.77) 3.73 (2.94, 4.73) 3.32 (2.44, 4.51) 4.20 (2.71, 6.51)

P for trend < .001 .001 < .001 < .001 .001 < .001

Note. CI = confidence interval; HBP=high blood pressure; HR =hazard ratio; RR = risk ratio. Baseline systolic blood pressure, baseline age, and living condition
(urban or rural) were adjusted in the adjusted model.
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Note. Overweight was defined as age- and sex-specific body mass index z score ‡ 1 according to the World Health Organization 2007 growth reference.15 Bars and
error bars stand for incident high blood pressure and 95% confidence intervals for each trajectory group at each age, while circles stand for the incident overweight
at each age. The values of bars and error bars are displayed in Table E (available as a supplement to the online version of this article at http://www.ajph.org).

FIGURE 2—Incident Rates and 95%Confidence Intervals of Hypertension and Incident Rates of Overweight at Each Age, by Trajectory Groups
for (a) Boys and (b) Girls: Guangdong, China, 2006–2016

AJPH OPEN-THEMED RESEARCH

November 2020, Vol 110, No. 11 AJPH Wang et al. Peer Reviewed Research 1693

http://www.ajph.org


contributed to the high proportion of HBP,
because children would get nervous during
physical examinations. However, because of
the limitations of the data, we could not
further explore the specific reason for the high
HBP prevalence in the present study and how
each reason affected the results.

Second, when assessing the influence of
overweight onset on HBP risk, we were
unable to differentiate the participants who
returned to a normal BMI level from those
who were consistently overweight. Mean-
while, as children’s blood pressure fluctuates
during adolescence, the hypertensive children
may become normotensive later. With the
possibility of misclassification bias from these
conditions, the effect of BMI trajectories and
overweight onset age would be under-
estimated,35 and the actual influence may be
more significant than what we observed.
Further studies with the continuous change
of BMI and blood pressure could provide
stronger evidence for the association found in
the present study. Further approaches with
more precise evaluation on fat mass and
distributions can also be useful.

Third, GBTM is a device for approximating
the unknown population distribution of tra-
jectories. From this perspective, the present
trajectory groups should not be taken as literally
distinct groups but rather as clusters of indi-
viduals following approximately the same tra-
jectory. More personalized growth trajectories
may need further development for more in-
dividualized disease prevention programs.

Public Health Implications
By using longitudinal physical examina-

tion data from 9286 Chinese children and
adolescents between 2006 and 2016, with a
medium follow-up of 9.0 years, we fitted 4
distinct BMI trajectory groups for each sex.
Participants with higher BMI trajectories
showed an elevated HBP risk, and the earlier
start of overweight could be related to in-
creased HBP risk in late adolescence. We
additionally detected a key transition period
of 3 years from overweight onset to HBP
onset, indicating a crucial time for hyper-
tension prevention.
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