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ABSTRACT

Objective This longitudinal study aims to identify

distinct trajectories of body mass index (BMI) and waist
circumference (WC) during 20—60 years old, and explore
their joint effect on incident hypertension.

Design A longitudinal cohort study.

Setting China Health and Nutrition Survey, 1993-2011.
Participants The longitudinal cohort included 6571
participants (3063 men) who had BMI and WC repeatedly
measured 3—7 times before incident hypertension or loss
to follow-up.

Outcomes Hypertension was defined as systolic blood
pressure/diastolic blood pressure>140/90 mm Hg or
diagnosis by medical records or taking antihypertensive
medication.

Results Two distinct trajectories were characterised for
both BMI and WC: low-increasing and high-increasing.
Jointly, subjects were divided into four groups: normal
(n=4963), WC-increasing (n=620), BMI-increasing
(n=309) and BMI&WC-increasing (n=679). Compared

with the normal group, the adjusted HRs and 95% Cls for
hypertension were 1.43 (1.19t0 1.74), 1.51 (1.1910 1.92)
and 1.76 (1.45 to 2.14) for WC-increasing, BMI-increasing
and BMI&WC-increasing groups, respectively. The
model-estimated levels and slopes of BMI and WC were
calculated at each age point in 1-year interval according
to the model parameters and their first derivatives,
respectively. The associations between model-estimated
levels and hypertension increased with age, with adjusted
ORs and 95% Cls ranging from 0.92 (0.86 to 0.98) to 1.57
(1.47 t0 1.67) for BMI and 0.98 (0.92 to 1.05) to 1.44 (1.35
to 1.53) for WC. Conversely, the ORs (95% Cls) of level-
adjusted linear slopes decreased with age, ranging from
1.47 (1.38 t0 1.57) t0 0.97 (0.92 to 1.03) for BMI and 1.36
(1.28 to 1.45) t0 0.99 (0.93 to 1.06) for WC.

Conclusions Our study demonstrates that the joint
trajectories of BMI and WC have significant effect on future
hypertension risk, and the changing slopes of BMI and
WC during young adulthood are independent risk factors.
Both BMI and WC should be paid more attention to prevent
hypertension, and young adulthood may be a crucial period
for intervention.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The community-based longitudinal study, with large
sample size and repeated measurements, was used
to explore the distinct trajectories of body mass in-
dex (BMI) and waist circumference (WC) in early-life
to mid-life adulthood.

= Distinct trajectories of BMI and WC were identified
by the latent class growth mixed model, and their
joint effect on incident hypertension was explored.

= The trajectory parameters, model-estimated levels
and linear slopes, were examined to identify the
critical period for early prevention of hypertension.

= Unmeasurable covariates may cause potential con-
founding bias.

INTRODUCTION
As a major risk factor for cardiovascular
disease, hypertension is a severe problem
in public health.! The prevalence of hyper-
tension has increased rapidly over decades,’
causing heavy burden to the health system in
China.”* Obesity is regarded as an important
risk factor for incident hypertension,”® and it
could be evaluated by many indicators, such
as body mass index (BMI) and waist circum-
ference (WC).7 8 The relationship between
single obesity indicators and incident hyper-
tension has been well established in obser-
vation studies.”” However, the joint effect of
those indicators on hypertension is largely
unknown in a life course perspective.
Generally, obesity is divided into systemic
obesity and abdominal obesity.® ¥ Systemic
obesity is mainly defined by BMI, while the
abdominal obesity is often defined by WC.?
The levels of BMI and WC reflect different
aspects of obesity,”? and their joint trajecto-
ries present the heterogeneous longitudinal
changing patterns of body shape. Previous
research has showed that BMI and WC were
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associated with hypertension in both cross-sectional®'
and longitudinal studies.!*1° However, these studies
mainly focused on the BMI and WC separately,'"” and
the joint effect of BMI and WC trajectories on incident
hypertension is still unclarified. We hypothesised that
individuals in different joint trajectory group of BMI and
WC may present different risk of hypertension, and a crit-
ical period may exist in early-life to mid-life adulthood for
early prevention of hypertension.

Using data from the China Health and Nutrition Survey
(CHNS), this study aims to identify BMI and WC trajecto-
ries during early-life to mid-life adulthood (20-60 years),
explore the joint effect of BMI and WC trajectories on
incident hypertension, and determine the potential crit-
ical period for the development of hypertension.

Subjects and methods

Study cohort

As an ongoing longitudinal cohort, the CHNS is imple-
mented by national and local governments.'®'” It is
aimed at understanding how the economic and social
transformation of Chinese society affects the health
and nutritional status of Chinese population. Data
from Beijing, Shanghai, Guizhou, Henan, Chongqing,
Heilongjiang, Liaoning, Jiangsu, Zhejiang, Hubei,
Hunan, Shaanxi, Shandong, Guangxi and Yunnan
were collected by a multistage, random cluster process.
During 1989-2011, a total of 9 cross-sectional surveys
have been completed, covering 4400 households with
33 348 individuals.

In this current study, we excluded individuals younger
than 20 years old or older than 60 years old (n=12 147),
with BMI lower than 15 kg/m® or higher than 40 kg/m®
(n=799), with WC greater than 120 cm (n=1632), and with
less than three follow-up visits before loss to follow-up or
incident hypertension (n=12 199). Finally, 6571 normo-
tensive adult subjects, with 3-7 times visits, were included
in this study. The mean follow-up time was 11.8 years
(SD=4.2 years). BMI and WC measurements after the
onset of hypertension (outcome) were excluded in our
analyses. Online supplemental table S1 shows excluded
respondents (n=26 777) were generally younger man,
with lower baseline BMI, higher baseline systolic blood
pressure (SBP) and diastolic blood pressure (DBP), lower
proportion of smokers and alcohol consumers than those
included.

Examinations

Standing height without shoes was measured to the
nearest 0.2 cm using a portable SECA stadiometer
(SECA, Hamburg, Germany) at each follow-up.'® Weight
was measured to the nearest 0.1 kg in light clothing
without shoes on a dedicated scale that was routinely
calibrated.'® We calculated BMI as weight in kilograms
divided by height in metres squared. Smoker was defined
as ever smoking cigarettes (including ex-smoker and
current smoker). Alcohol drinker was defined as alcohol

consumption (including beer, liquor or wine) >25 g (for
man) or 215 g (for woman) per week.

WC was defined as the midway between the lowest
costal margin and the superior margin of the iliac crest,
and was measured in centimetres using a SECA tapeline
during 1993-2011." After resting 5 min in a seated posi-
tion, SBP and DBP were measured three times on the
right upper arm using a standard mercury sphygmoma-
nometer during 1991-2011."® The mean of the last two
measurements was used for analyses.

Outcome

Hypertension was defined as SBP/DBP>140/90 mm
Hg and/or diagnosis by medical records and/or taking
antihypertensive medication. Data for SBP, DBP, taking
antihypertensive medication and incidence of diagnosis
hypertension were first collected in 1991, and subse-
quently in 1993, 1997, 2000, 2004, 2006, 2009 and 2011
survey.

Statistical methods

The latent class growth mixed model (LCGMM) was used
to identify different trajectory patterns of BMI and wc. "
The latent class trajectories of BMI and WC were specified
as functions of age (centred to 42 years, the mean age of
the cohort). Multiple LCGMMs with different trajectory
shapes, including linear and non-linear parameters were
tested using the strategy we previously described."” We
chose the bestfitting model for BMI and WC trajectory
according to the BIC criterion while ensuring that each
group has an acceptable proportion of the population
and posterior probability. In the joint analyses, compre-
hensively considering the trajectories of BMI and WC,
subjects were assigned into different joint groups.

The relationship between the joint group member-
ship and incident hypertension were explored using Cox
proportional hazard models. We established four models:
model 1 with no covariates, model 2 with adjustment for
baseline age, gender and baseline BMI, model 3 with
further adjustment for baseline SBP and model 4 with
further adjustment for smoking and alcohol drinking.
Baseline WC was not adjusted due to its collinearity with
baseline BMI (r=0.68).

According to the model parameters and their first
derivatives, the model-estimated levels and linear slopes
of BMI and WC were calculated at each age point in
1-year interval, respectively.20 Logistic regression models
were used to examine the associations of model-estimated
levels and linear slopes of BMI and WC at each age point
with incident hypertension. Before logistic regression
analyses, the model-estimated linear slope values of BMI
and WC at each age point were adjusted for their corre-
sponding levels to avoid collinearity of levels and linear
slopes in the same model.”” *! Standardised ORs of levels
and level-adjusted slopes of BMI and WC for incident
hypertension were estimated, adjusted for gender, base-
line SBP, smoking and alcohol drinking.

QuY, et al. BMJ Open 2022;12:059556. doi:10.1136/bmjopen-2021-059556


https://dx.doi.org/10.1136/bmjopen-2021-059556

Table 1 Baseline characteristics by incident hypertension at follow-up

Variable Total Normotensives Incident hypertension P value
N 6571 5156 1415

Age, years 35.4 (8.6) 34.8 (8.8) 37.8 (7.4) <0.001
Males, n (%) 3063 (46.6) 2329 (45.2) 734 (51.9) <0.001
BMI, kg/m? 22.0 (2.7) 21.8 (2.6) 22.9 (2.9 <0.001
WC, cm 75.8 (8.4) 75.2 (8.2) 78.0 (8.8) <0.001
SBP, mm Hg 110.0 (103.0, 120.0) 110.0 (101.0, 120.0) 116.0 (108.0, 120.0) <0.001
DBP, mm Hg 74.0 (70.0, 80.0) 72.5 (68.0, 80.0) 77.5(70.0, 80.0) <0.001
Smoker, n (%) 2123 (32.5) 1578 (30.8) 545 (38.8) <0.001
Drinker, n (%) 2312 (35.5) 1712 (33.6) 600 (42.7) <0.001
Follow-up, years 11.8 (4.2) 12.0 (4.3) 11.3 (3.9) <0.001

Study variables are presented as mean (SD), median (IQR) or n (%), appropriately.
BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; WC, waist circumference.

Variables were described using mean (SD), median
(IQR) and n (%), as appropriate. All analyses were
performed using R V.4.0.4. Hypothesis tests were two
sided, and p<0.05 was considered statistically significant.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

Table 1 presents baseline characteristics of study variables
by incident hypertension groups during follow-up. Inci-
dent hypertension subjects (n=1415) were more likely
to be older males, with higher BMI, WC, SBP and DBP,
higher proportions of smokers and alcohol drinkers than
normotensives.

Online supplemental tables S2 and S3 summarise
LCGMM results of the BMI and WC trajectory model
fitting process. We fitted models from one class to three
classes of linear, quadratic and cubic curves. According
to statistical criteria above, a model of quadratic param-
eters with two classes was chosen for both BMI and WC
as the best fit. Online supplemental tables S4 and S5
present parameter estimates for the bestfitting two-class
quadratic LCGMM of BMI and WC, respectively.

Figure 1 shows the longitudinal trajectories of BMI
(figure 1A) and WC (figure 1B) during 20-60 years old
for 6571 participants. Both BMI and WC had two distinct
trajectories, labelled as low-increasing (n (%)=5583
(84.96%) for BMI and 5272 (80.53%) for WC) and
high-increasing (n (%)=988 (15.04%) for BMI and 1299
(19.47%) for WC). Compared with the subjects in low-
increasing group, those in the high-increasing group had
similar predicted levels at age 20 years but higher linear
slopes from 20 to 60 years.

Online supplemental table S6 shows HRs and 95% CIs
for the association between the BMI trajectory group

membership and incident hypertension. Compared with
the BMI low-increasing group, HR (95% CI) for the BMI
high-increasing group was 1.49 (1.26 to 1.75), adjusted for
baseline age, gender, baseline BMI, baseline WC, baseline
SBP, smoking and alcohol drinking. Online supplemental
table S7 presents HRs and 95% ClIs for the relationship
between the WC trajectory classes and incident hyper-
tension. Compared with the WC low-increasing group,
HR (95% CI) for the WC high-increasing group was 1.43
(1.22 to 1.68), adjusted for the same covariates above.

Jointly, subjects were divided into four joint groups
according to their BMI and WC trajectories, named
as normal (n=4963), WC-increasing (n=620), BMI-
increasing (n=309) and BMI&WC-increasing (n=679).
Individuals in the normal, WC-increasing, BMI-increasing
and BMI&WC-increasing group had low-increasing WC
and BMI, low-increasing BMI and high-increasing WC,
high-increasing BMI and low-increasing WC, and high-
increasing BMI and WC, respectively. Table 2 summarises
the baseline characteristics of study variables by joint
classes. Compared with the normal group, individuals
in the BMI&WC-increasing group were more likely to be
younger men with higher baseline BMI, WC, SBP and
DBP, and higher proportions of smoking and alcohol
drinking.

Table 3 presents HRs and 95% CIs for the association
between joint group membership and incident hyperten-
sion. Compared with the normal group, the HRs (95%
Cls) for WC-increasing, BMI-increasing and BMI&WC-
increasing group were 1.55 (1.31 to 1.83), 1.69 (1.36 to
2.10) and 1.98 (1.71 to 2.28) in unadjusted model, respec-
tively. After adjustment for baseline age, gender, baseline
BMI, SBP, smoking and drinking status, these joint groups
were still significantly associated with incident hyperten-
sion, whose HRs (95% Cls) were 1.43 (1.19 to 1.74), 1.51
(1.19 to 1.92) and 1.76 (1.45 to 2.14), respectively.

Online supplemental tables S8 and S9 show model-
estimated levels and linear slopes of BMI and WC in means
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(A) Predicted trajectories of BMI during 20-60 years old. The trajectories were shown in solid lines, and the 95% Cls

were shown in shadow. The proportions in each trajectory were shown below solid lines. BMI, body mass index (see detailed
information on the curve parameters in online supplemental table S4). (B) Predicted trajectories of WC during 20-60 years old.
The trajectories were shown in solid lines, and the 95% Cls were shown in shadow. The proportions in each trajectory were
shown below solid lines. WC, waist circumference (see detailed information on the curve parameters in online supplemental

table S5).

(SD) by incident hypertension at follow-up. Figure 2 shows
the change of model-estimated levels and linear slopes of
BMI and WC during age 20-60 years in hypertension and
normotension group. In figure 2A, the levels increased and
linear slopes decreased with age during 20-60 in both hyper-
tension and normotension groups. However, the hyperten-
sion group had higher levels and steeper rate of change than
the normotension group. Similar results were found in WC
(figure 2B). Noticeably, the difference in change rate of WC
linear slopes was large between the hypertension group and
normotension group.

Figure 3 presents ORs and 95% CIs of model-estimated
levels and level-adjusted linear slopes of BMI and WC for
incident hypertension, adjusted for gender, baseline SBP,
smoking and alcohol drinking. The association between
model-estimated levels and hypertension increased during
20-60 years old, with adjusted ORs and 95% CIs ranging
from 0.92 (0.86 to 0.98) to 1.57 (1.47 to 1.67) for BMI and
0.98 (0.92 to 1.05) to 1.44 (1.35 to 1.53) for WC. This associ-
ation became significant at age 25 or above for BMI and at
age 23 or above for WC. Conversely, the standardised ORs
(95% ClIs) of level-adjusted linear slopes decreased with age,

Table 2 Characteristics at baseline and incident hypertension at follow-up by joint trajectory groups

Variable Normal WC-increasing BMI-increasing BMI&WC-increasing P value
N 4963 620 309 679

Age, years 36.3 (8.6) 32.8 (8.2) 34.3 (8.3) 31.8 (7.7) <0.001
Males, n (%) 2019 (40.7) 557 (89.8) 33 (10.7) 454 (66.9) <0.001
BMI, kg/m? 21.3 (2.2 22.8 (2.3) 24.5 (3.1) 25.0 (3.4) <0.001
WC, cm 73.8 (7.0) 81.3(8.7) 78.9 (8.2) 84.1 (9.9) <0.001
SBP, mm Hg 110.0 (101.0, 120.0) 117.5(110.0,120.0) 110.0(105.0, 120.0) 116.0 (108.0, 120.0) <0.001
DBP, mm Hg 72.5 (68.0, 80.0) 77.0 (70.0, 80.0) 73.0 (68.8, 80.0) 77.0 (70.0, 80.0) <0.001
Smoker, n (%) 1435 (29.1) 364 (59.4) 30 (9.8) 294 (43.5) <0.001
Drinker, n (%) 1563 (31.8) 370 (60.3) 58 (18.9) 321 (48.0) <0.001
Hypertension, n (%) 935 (18.8) 159 (25.6) 89 (28.8) 232 (34.2) <0.001

Study variables are presented as mean (SD), median (IQR) or n (%), appropriately.
BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; WC, waist circumference.
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Table 3 HRs and 95% Cls of joint trajectory groups for incident hypertension

Model 1

Model 2

Model 3

Model 4

Joint trajectory groups
Normal
WC-increasing
BM-increasing
BMI&WC-increasing

Covariates
Baseline age
Female

Reference

1.55 (1.31 to 1.83)
1.69 (1.36 to 2.10)
1.98 (1.71 t0 2.28)

Reference

1.51 (1.25t0 1.82)
1.47 (1.16 to 1.87)
1.74 (1.44 t0 2.10)

1.07 (1.06 to 1.08)
0.77 (0.69 to 0.87)

Reference

1.41 (1.17 to 1.71)
1.48 (1.17 to 1.89)
1.73 (1.42 t0 2.10)

1.07 (1.06 to 1.08
0.89 (0.79 to 1.00

Reference

1.43 (1.19to 1.74)
1.51 (1.19t0 1.92)
1.76 (1.45t0 2.14)

1.07 (1.06 to 1.08)
1.01 (0.85 to 1.18)

Baseline BMI
Baseline SBP
Smoker
Drinker

1.10 (1.08 to 1.13)

1.07 (1.05 to 1.10)
1.03 (1.02 to 1.04)
1.12 (0.96 to 1.30)
1.10 (0.96 to 1.26)

( )
( )
1.07 (1.05 to 1.10)
1.03 (1.02 to 1.04)

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure.

ranging from 1.47 (1.38 to 1.57) to 0.97 (0.92 to 1.03) for
BMI and 1.36 (1.28 to 1.45) to 0.99 (0.93 to 1.06) for WC.
The associations of level-adjusted linear slopes with incident
hypertension were no longer significant at age 55, indicating
the importance of BMI and WC slopes in young adulthood.

DISCUSSION

In this longitudinal study, we identified two distinct trajec-
tories for both BMI and WC during 20-60 years old in
Chinese population, and found a joint effect of BMI and WC
trajectories on incident hypertension. The model-estimated
levels and level adjusted slopes at each age point in a 1-year
interval were further calculated for both BMI and WC, and
their associations with hypertension were estimated. Though
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Figure 2

previous studies have demonstrated BMI or WC trajectories
were associated with hypertension separately, the joint effect
of BMI and WC trajectories was unclarified. Our observa-
tions support that BMI and WC trajectories have synergistic
effect on future hypertension risk, and the changing slopes
of BMI and WC during young adulthood are independent
risk factors. Therefore, we suggest controlling both BMI and
WC in young adulthood to prevent hypertension.

In the current study, we identified two trajectories
for BMI. The low-increasing group, with baseline BMI
around 20 kg/m?, increased slowly during the 20-60 years
period, while the high-increasing group with lower base-
line BMI increased rapidly. Some studies, using data from
China, the UK and Finland, explored BMI trajectories
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85
£ 5,0.45
G 1S
- o
] -
3 80 2
| o
w
g ¢ 0.40
=
75 normotension
0.35
20 30 40 50 60 20 30 40 50 60

Age, years Age, years

(A) The mean of model-estimated levels and level-adjusted linear slopes of BMI during 20-60 years old by incident

hypertension. (B) The mean of model-estimated levels and level-adjusted linear slopes of WC during 20-60 years old by incident

hypertension. BMI, body mass index; WC, waist circumference.

Qu'Y, et al. BMJ Open 2022;12:€059556. doi:10.1136/bmjopen-2021-059556



1.75

@
3

Standardized Odds Ratio, 95% CI
i
&

o

8
'

ok
-
L
S
.

0
v
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
v
v
-

=0~ BMI Level
- BMI Slope
- WC Level
075 ~~ WC Slope

20 30 40 50 60
Age, years

Figure 3 Standardised ORs and 95% Cls of model-
estimated levels and level-adjusted linear slopes of BMI and
WC during 20-60 years old by age for incident hypertension,
adjusted for gender, baseline SBP, smoking and alcohol
drinking. BMI, body mass index; SBP, systolic blood
pressure; WC, waist circumference.

for childhood and early adulthood, showed that BMI
may have 2-6 trajectories.”” '* ** Though the numbers
of trajectories were different among these studies, they
all discovered a low-increasing or low-stable group and a
high-increasing group," '**** which was in line with our
results. Two distinct trajectories of WC were also identi-
fied in this study. The low-increasing group, with baseline
WC around 70 cm, persisted 70-80 cm during early-life to
mid-life adulthood, while the high-increasing group with
same baseline WC increased gradually from 70 to 95 cm.
To our knowledge, the literatures on WC trajectories are
still limited. Jeon et al'® showed five trajectories for WC in
individuals aged 40 years or older using data from Korea.
Cheng et al”® presented that WG may have four trajecto-
ries among Chinese population during 18-50 years old.
However, these previous researches did not consider the
subject-specific random effect, which was a strength in
our study."” *®

Generally, obesity is divided into systemic obesity and
abdominal obesity. Only studying the relationship between
BMI or WC and hypertension is insufficient.'”™ ***' The
joint effect of BMI and WC on hypertension should be
explored. In this study, we divided participants into four
subgroups according to their BMI and WC trajectories.
Compared with the normal group, BMI&WC-increasing
group had a higher risk of incident hypertension after
adjustment for some covariates, indicating that the joint
effect of BMI and WC trajectories was significant associ-
ated with hypertension. Previous researches showed BMI
or WC trajectories were associated with hypertension.'*'”
2026 However, these studies mainly focused on the BMI
and WC trajectories separately, ignoring the complemen-
tary effect between BMI and WC on incident hyperten-
sion.”*™17 202120 Hy ot af found a joint effect of BMI and
WC on hypertension in a cross-sectional study, neverthe-
less, the longitudinal changing patterns of both BMI and

WC were not considered in that study. To our knowledge,
the joint effect of BMI and WC trajectories was largely
unknown. Our study supports a synergistic effect between
BMI and WC trajectories on incident hypertension, high-
lighted that we should take more attention to control
both BMI and WC in early adulthood.

In this longitudinal study, the model-estimated levels
increased with age and the model-estimated slopes
decreased with age for both BMI and WC, which was in
line with our previous studies.”” *' The standardised ORs
were calculated for both model-estimated levels and level-
adjusted slopes, after adjusting for gender, baseline SBP,
smoking and alcohol drinking. Our results showed that
for both BMI and WC, level-adjusted slopes had higher
ORs than model-estimated levels before 30 years old. It
may indicate slopes of BMI and WC are more important
than their levels in early adulthood and 20-30 may be
a critical period for early prevention of hypertension,
which is similar with previous studies.” *' Interestingly,
our longitudinal study found that the linear slopes of BMI
had higher ORs than those of WC during 20-25 years old.
Similarly, in 43-60 years old, the levels of BMI had higher
ORs than those of WC. These results may indicate that
BMI plays a more important role than WC in incident
hypertension during both early-life and mid-life adult-
hood in Chinese population.

According to the life course epidemiology theory,
exposure at a particular period in the life span has a long-
term effect on the physiological function and anatomical
structure and may eventually lead to some diseases. In
the current study, individuals with high-increasing trajec-
tory patterns of BMI and WC may have some changes in
physiological aspect during early adulthood, including
aorta root thickening, premature vascular ageing and
endothelial dysfunction.”™ These changes may have
accumulated effects on the way to incident hypertension.
Previous research has reported meaningful high preva-
lence of premature vascular ageing in younger than 40
years people.”’ Endothelial dysfunction may also play an
important role in developing hypertension® and it may
impact early aorta root thickening.”” Furthermore, aorta
root size may play a causative role in the pathogenesis of
systolic hypertension.”

There are some important strengths in our study. The
current study is a community-based longitudinal study
with large sample size and repeated measurements. It
allows us to use LCGMM to explore trajectory of BMI
and WC. The LCGMM can identify distinct trajectory
for subgroup participants and permits us to analyse the
relationship between model-estimated levels and level-
adjusted slopes and hypertension to reveal the critical
period in life course. Moreover, the joint effect of BMI and
WC trajectories on incident hypertension was explored,
which was rarely reported in previous researches. On the
other hand, some limitations should be acknowledged.
First, the covariates we used may be insufficient. Some
unavailable covariates, such as physically fitness, may
impact the prevalence of incident hypertension. Second,
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CHNS was a survey concentrated on Chinese population,
suggesting our study may not be generalizable to other
ethnic population. Finally, there are many indicators
of obesity, besides BMI and WC. Further studies should
consider more indicators such as body fat percentage and
fat free mass to explore the relationship between those
indicators and incident hypertension.

In conclusion, the current study identified two distinct
trajectories of BMI and WC from early-life to mid-life
adulthood, and found complementary trajectory patterns
between BMI and WC (620 (9.4%) and 309 (4.7%)
participants for WC-increasing only trajectory and BMI-
increasing only trajectory). From a life course perspective,
our study demonstrates the joint trajectories of BMI and
WC have significant effect on future hypertension risk,
and the changing slopes of BMI and WC during young
adulthood are independent risk factors. These results
emphasise that both BMI and WC should be paid more
attention to prevent hypertension, and young adulthood
may be a crucial period for intervention. More targeted
strategies in the prevention of hypertension should be
emphasised among early adulthood. Public health inter-
vention for controlling modifiable risk factors during
young adulthood may reduce the future prevalence and
burden of hypertension among Chinese.
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