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Background-—This longitudinal study aims to characterize longitudinal body mass index (BMI) trajectories during young adulthood
(20–40 years) and examine the impact of level-independent BMI trajectories on hypertension risk.

Methods and Results-—The cohort consisted of 3271 participants (1712 males and 1559 females) who had BMI and blood
pressure (BP) repeatedly measured 4 to 11 times during 2004 to 2015 and information on incident hypertension. Four distinct
trajectory groups were identified using latent class growth mixture model: low-stable (n=1497), medium-increasing (n=1421), high-
increasing (n=291), sharp-increasing (n=62). Model-estimated levels and linear slopes of BMI at each age point between ages 20
and 40 were calculated in 1-year intervals using the latent class growth mixture model parameters and their first derivatives,
respectively. Compared with the low-stable group, the hazard ratios and 95% CI were 2.42 (1.88, 3.11), 4.25 (3.08, 5.87), 11.17
(7.60, 16.41) for the 3 increasing groups, respectively. After adjusting for covariates, the standardized odds ratios and 95% CI of
model-estimated BMI level for incident hypertension increased in 20 to 35 years, ranging from 0.80 (0.72–0.90) to 1.59 (1.44–
1.75); then decreased gradually to 1.54 (1.42–1.68). The standardized odds ratios of level-adjusted linear slopes increased from
1.22 (1.09–1.37) to 1.79 (1.59–2.01) at 20 to 24 years; then decreased rapidly to 1.12 (0.95–1.32).

Conclusions-—These results indicate that the level-independent BMI trajectories during young adulthood have significant impact on
hypertension risk. Age between 20 and 30 years is a crucial period for incident hypertension, which has implications for early
prevention. ( J Am Heart Assoc. 2019;8:e011937. DOI: 10.1161/JAHA.119.011937.)
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H ypertension is a major risk factor for cardiovascular
diseases, and its prevalence has increased significantly

in China in recent decades.1,2 Hypertension has brought a
heavy burden to the health system in Chinese population.3

Increased body mass index (BMI) or obesity is regarded as an
important risk factor for hypertension. However, the BMI-
hypertension link over the life course has not been well
characterized,4 especially during early stage of adult life.
Many studies have shown that both high BMI level and
excessive weight gain were associated with increased
incidence of hypertension.5–8 Most previous studies focused

on BMI in a single or limited number of measurements,
ignoring the dynamic BMI changes during the life course.

BMI trajectories reflect the potential BMI dynamic chang-
ing patterns during the life course. Despite numerous studies
on the association between BMI and hypertension, there are
significant gaps in understanding the relationship between
BMI trajectories and hypertension during young adulthood.
Several longitudinal studies have shown BMI trajectories in
childhood, the first 2 decades in life, and late adulthood in
relationship to elevated blood pressure (BP) and hyperten-
sion.9–12 Buscot et al reported 6 distinct child-to-adult BMI
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trajectories and their associations with adult cardiometabolic
risk.13 However, few studies have demonstrated BMI trajec-
tories and their associations with incident hypertension during
young adulthood. We hypothesized that participants in
different trajectories have different levels of risk for hyper-
tension in early adult life, and the rate at which BMI increases
during this period may be predictive of incident hypertension,
independent of BMI absolute values.

By using repeated measurements of BMI measured 4 to 11
times during 2004–2015 in a longitudinal cohort from
Chinese population, the current study aimed to identify
potential BMI dynamic changing trajectories during young
adulthood, examine the association of BMI trajectories with
incident hypertension and determine the potentially critical
period for the development of hypertension related to rate of
change in BMI.

Materials and Methods
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Study Cohort
At the Health Management Center of Jining Medical University
Hospital, 75 476 individuals, aged 20 to 80 years, underwent
health examinations between 2004 and 2015. A total of 3271
participants (1712 males and 1559 females), aged 20 to
40 years, were identified based on the number of measure-
ments of BMI and formed the longitudinal cohort in the current
study. Themean baseline agewas 28.7 years (20 to 37 years at

baseline and 24 to 40 years at follow-up). The mean follow-up
year was 5.5 (range=2.2 to 11.3 years). All the participants in
this cohort were normotensive at the first examination and had
BMI and blood pressure (BP) repeatedlymeasured 4 to 11 times
during the follow-up period. BMI data after the onset of
hypertension (outcome) were not included in analyses.

The study protocol was approved by the ethics committee
of School of Public Health, Shandong University, Jinan, China.
Written informed consent was obtained from all participants.

Examinations
Height and weight were measured while the subjects were
wearing light clothing without shoes. BMI was calculated as
weight (kg) divided by the square of height (m). Systolic BP
(SBP) and diastolic BP (DBP) were recorded 3 times on the
right upper arm using a mercury sphygmomanometer in a
sitting position after a 5-minute rest. The intra-class correla-
tions among 3 readings of BP measurements were 0.91 and
0.86 for SBP and DBP, respectively. The digit preference of
blood pressure measurements was presented in Table S1.
Information on smoking and alcohol use was obtained by
means of a staff administered standard questionnaire.
Smoking and drinking were defined as having a history of
smoking at least 1 cigarette per day and consuming alcohol
every day, respectively.

Outcome
Hypertension was defined as SBP/DBP ≥140/90 mm Hg or
taking antihypertensive medication or diagnosis by medical
records. The health examination database was linked to
databases from the Office for Medical Insurance in Shandong
Province, hospital admissions, and vital statistics from the
Provincial Center for Disease Control and Prevention using a
unique identification number for each participant. The histo-
ries of antihypertension medication and hypertension diagno-
sis were collected in the database, and the diagnostic date of
hypertension was defined as the earliest recorded date.

Statistical Methods
The latent class growth mixed model (LCGMM)14 was used to
identify different trajectory patterns of BMI. The latent class
trajectories of BMI were specified as a function of age
(centered to 31 years, the mean age of the cohort), with sex
as a covariate. Multiple LCGMMs with different trajectory
shapes including linear and non-linear parameters were
tested. Repeated trajectory analyses were performed to
identify the latent classes by changing the number of groups
from 2 to 5, with the same starting values calculated from the
1-group model. The class memberships of subjects were

Clinical Perspective

What Is New?

• Four distinct trajectory groups of body mass index were
identified, and the trajectory group membership was
associated with the risk of incident hypertension indepen-
dently of the body mass index levels.

• The significant impact of level-independent body mass index
slopes during young adulthood on incident hypertension
was found, and a critical period was determined.

What Are the Clinical Implications?

• These findings emphasize the importance of controlling
body mass index in young adulthood to prevent the
incidence of hypertension later in life.

• These observations suggest that the age of 20 to 30 years
is a critical age window for obesity control to reduce
hypertension risk.
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determined by a latent discrete random variable, and its
probability is described using a multinomial logistic model
according to covariates. The shapes and optimal number of
groups were determined by the following criteria:15: (1)
Bayesian information criterion decreased at least 20; (2) high
mean posterior class membership probabilities (>0.65); (3)
high mean posterior probabilities (>0.7). Estimation of latent
class models were performed with lcmm (version 1.7.8)
package in R (version 3.4.3). To avoid convergence towards
local maxima, LCGMM models with 2 to 5 classes were
performed for several times with different sets of random
starting value based on 1-class model. Finally, the best fitting
model based on above criteria was cubic trajectories of 4
groups, and the final model was described as:

BMIijjci�g
¼ ðm0g þ u0igÞ þ ðm1g þ u1igÞage
þ ðm2g þ u2igÞage2 þ ðm3g þ u3igÞage3 þ eij

where υ=(υ0g, υ1g, υ2g, υ3g) is a vector of fixed-effect
parameters in the group “g”, u=(u0ig, u1ig, u2ig, u3ig) is a
vector of random effect parameters of the individual “i” in the
group “g”, eij is an unknown error term.

Cox proportional hazard models were used to investigate
the association between the trajectory group membership and
incident hypertension, adjusted for baseline age, sex, baseline
BMI, baseline SBP, smoking, and alcohol drinking.

The LCGMM computes estimates of the cubic curve
parameters, including fixed-effect parameters (for a group)
and random-effect parameters (individual specific). The ran-
dom-effect coefficients represent the difference between the
fixed-effect parameters and the observed values for each
individual. Then by combining the fixed and individual-specific
random-effect parameters, 3271 different sets of the curve
parameters were generated for each participant of the study
cohort. The model-estimated BMI levels and linear slopes
were calculated at each age point in 1-year intervals
according to the model parameters and their first derivatives,
respectively. Logistic regression analyses were used to
examine the association of model-estimated levels and linear
slopes of BMI at each age point with incident hypertension.
Before logistic regression analyses, the model-estimated
linear slope values of BMI at each age point were adjusted
for their corresponding BMI levels and covariates mentioned
above by regression residual analyses to avoid collinearity of
levels and linear slopes in the same model. Standardized odds
ratios (ORs) of levels and level-adjusted slopes of BMI for
incident hypertension were estimated.

Results
Table 1 summarizes the study variables by follow-up incident
hypertension. Sex, baseline BMI, baseline SBP, baseline DBP,

smoking, and alcohol drinking were significantly different
between normotensives and hypertensives. During the follow-
up period, 385 incident primary hypertensives were identified,
with an incidence density 21.2 per 1000 person-years. The
exclusive percentages of incident hypertension identified by the
3 different methods (BP≥140/90, diagnosis by medical
records, taking medications) were 10.4%, 1.0%, 0.4%, respec-
tively. Table S2 summarizes the baseline and follow-up
characteristics by hypertension status at follow-up. Hyperten-
sives had higher follow-up BMI, higher proportion of smokers
and drinkers than normotensives. Table S3 presents the
baseline characteristics of participants included and excluded.

Table S4 shows the LCGMM results of fitting process. We
fitted models from 1 class to 6 classes of linear, quadratic,
and cubic curves. Results of 6 classes were not shown in this
table because of low percentages of several group member-
ships (<1%). The model of quadratic curves with 5 groups was
excluded because of the low percentage of group 3 (0.89%).
According to the criteria mentioned above, a model of cubic
parameters with 4 groups with lower Bayesian information
criterion, relatively high posterior probabilities, and percent-
age of group memberships was chosen.

Figure 1 shows the 4 distinct trajectories of BMI, labeled
as low-stable (n=1497), medium-increasing (n=1421), high-
increasing (n=291) and sharp-increasing (n=62). In the low-
stable group, BMI persisted at a low level of 21 kg/m2 during
young adulthood (20–40 years). In the medium-increasing
group, BMI increased gradually from 21 kg/m2 at age
20 years up to 25 kg/m2 at age 40 years. In the high-
increasing group, BMI increased gradually from 23 kg/m2 at
age 20 years up to 29 kg/m2 at age 34 years and then kept
stable up to age 40 years. In the sharp-increasing group, BMI
increased rapidly from 18 kg/m2 at age 20 years to 32 kg/m2

Table 1. Baseline Characteristics by Incident Hypertension
At Follow-Up

Variable Total Normotensives
Incident
Hypertensives P Value

n 3271 2886 385

Age, y 28.7 (4.7) 28.8 (4.7) 28.3 (4.3) 0.075

Males, n (%) 1712 (52.3) 1435 (49.7) 277 (72.0) <0.001

BMI, kg/m2 22.4 (3.2) 22.2 (3.1) 23.3 (3.3) <0.001

SBP, mm Hg 114.4 (11.1) 113.9 (11.0) 118.1 (11.2) <0.001

DBP, mm Hg 72.0 (8.0) 71.5 (7.9) 75.6 (7.8) <0.001

Smoker, n (%) 455 (13.9) 367 (12.7) 88 (22.9) <0.001

Drinker, n (%) 641 (19.6) 484 (16.8) 157 (40.8) <0.001

Follow-up, y 5.5 (2.1) 5.6 (2.2) 4.9 (1.7) <0.001

Study variables are presented as mean (SD) or n (%). BMI indicates body mass index;
DBP, diastolic blood pressure; SBP, systolic blood pressure.
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at age 40 years. The trajectory parameters (υ, u, b) were all
significantly different from 0 (P<0.05). Table S5 shows curve
parameters of fixed and random effects in the 4 trajectory
groups. BMI trajectories in men and women were similar
(Figure S1).

Table 2 summarizes the study variables at baseline by BMI
trajectory group. Hypertension incidence densities were
significantly different among the 4 BMI trajectory groups
(P<0.001 for trend). Significant differences in sex, BMI, SBP,
DBP, smoking, and alcohol drinking among the 4 trajectory
groups were observed at baseline (P<0.001). Because of the
lower proportion of males, the low-stable and sharp-increas-
ing group had relatively fewer smokers and drinkers than the
other 2 groups.

Table 3 presents hazard ratios and 95% CI for the
association between the trajectory group membership and
incident hypertension. Compared with the reference (low-
stable) group, the hazard ratios (95% CI) for the medium-
increasing, high-increasing, and sharp-increasing groups were
1.67 (1.19, 2.37), 2.78 (1.6, 4.82), 13.80 (9.12, 20.87),
respectively, in model 2, with adjustment for age, sex, and
baseline BMI level. After additional adjustment for baseline
SBP level, smoking, and alcohol drinking, the trajectory group
membership still had a positive association with incident
hypertension.

Table S6 shows differences of model-estimated levels and
linear slopes between normotensives and hypertensives at
each age point. For the model-estimated levels, differences
between normotensives and hypertensives were significant
(P<0.01), except for age 22 to 24 years. For model-estimated
linear slopes, the differences between normotensives and
hypertensives were all significant at each age point (P<0.001).
The Pearson correlations between the model-estimated and

observed values of BMI levels were all significant (P<0.001)
ranging from 0.83 to 0.89 at age points from 20 to 40 years.
Correlations between the model-estimated and observed
slopes were not calculated because BMI was not measured
annually, and the observed values of BMI slopes were not
available.

Figure 2 presents odds ratio (OR) and 95% CI of model-
estimated levels and level-adjusted linear slopes of BMI for
incident hypertension, with adjustment for sex, smoking,
drinking, and baseline SBP. The correlation coefficients of
model-estimated levels and slopes ranged from �0.38 to 0.42
(P<0.001 for all age points except for P=0.268 at age 33 and
P=0.006 at age 34). In the logistic regression analyses for BMI
linear slopes, the level-adjusted standardized ORs were
calculated with additional adjustment for their corresponding
levels of BMI at each age point. The standardized ORs of
model-estimated BMI levels increased gradually from 0.80
(0.72–0.90) to 1.59 (1.44–1.75), then decreased gradually to
1.54 (1.42–1.68) during young adulthood. The association
between model-estimated BMI levels and incident hyperten-
sion became positive at age ≥27 years. The standardized ORs
of level-adjusted linear slopes increased from 1.22 (1.09–
1.37) to1.79 (1.59–2.01) between ages 20 to 24 years; then
decreased to 1.12 (0.95–1.32). The level-adjusted linear
slopes at age 20 to 37 years were significantly associated
with incident hypertension.

Figure S2 shows the association analyses of observed BMI
levels with incident hypertension. The trends in ORs by ages
were similar to those of model-estimated BMI levels in
Figure 2. Figure S3 shows the association analyses of
hypertension with the BMI levels and slopes estimated in a
quadratic curve model. The trends in ORs estimated in the
quadratic curve model were similar to those in the cubic curve
model as shown in Figure 2.

Discussion
In this longitudinal study, we identified 4 distinct trajectories
of BMI during young adulthood in a Chinese cohort and found
significant associations of BMI trajectory groups with incident
hypertension. We further calculated the model-estimated BMI
levels and slopes at each age point in 1-year intervals and
examined their relationship with incident hypertension.
Despite the available evidence on the predictive value of
BMI levels for later life hypertension, no previous studies have
concurrently considered the importance of linear slopes and
levels of BMI at different age points during young adulthood
for prediction of adult hypertension. The observations of this
study provide new insights into origins of obesity-related
hypertension in early adult life and emphasize the importance
of the level-independent BMI trajectories during ages 20 to
30 years for assessing hypertension risk in later life.

Figure 1. Trajectories of BMI during young adulthood. BMI
indicates body mass index.
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Four distinct trajectories of BMI were identified for young
Chinese adults in the current study. In the low-stable group,
BMI stayed stable at around 21 kg/m,2 while BMI of the other
3 groups increased with different baseline levels and incre-
mental slopes. Particularly, a group of participants whose BMI
increased from the lowest to the highest level was charac-
terized. Previous studies have characterized BMI trajectories
during certain periods of the life course in different popula-
tions, such as American, Canadian, Finnish, Netherlander, and
Japanese.11,13,16–20 Among these studies, BMI trajectories
were identified either by age or by follow-up time and thus
provided different changing patterns and different group
numbers (range: 3–6). To our knowledge, there are no data
available for comparison on BMI trajectories during young
adulthood in relationship to hypertension risk in the Chinese
population.

Notably, we identified a sharp-increasing BMI growth
trajectory, with BMI increasing rapidly from a low level to
the obesity level. Although its proportion (1.9%) was small, our
Cox regression analyses showed that the sharp-increasing
trajectory group had a markedly higher risk of hypertension
than the low-stable trajectory group, with a hazard ratio value
as high as 12.33. The observations from this and other
studies4,21,22 suggest that higher rate of change in body
weight is important for the development of hypertension. For
the medium-increasing and high-increasing groups, BMI levels
instead of the rate of increase were considered the major
difference compared with the low-stable group, which
indicated that high BMI levels in young adulthood were also
a risk factor for hypertension. The results and concept are

consistent with previous studies on the association between
BMI levels and hypertension.4,23–26

In this study cohort, the average model-estimated BMI
levels increased with age from 21.9 to 26.1 years, while the
average model-estimated BMI slopes kept decreasing with
age ranging from 0.42 to 0.14. Notably, model-estimated BMI
levels and linear slopes were highly correlated. Our associ-
ation analyses showed that the level-adjusted linear slopes
had higher ORs than model-estimated BMI levels before age
30 years. This phenomenon indicated that although BMI level
is recognized as an important risk factor for hypertension, BMI
slope which reflected the increasing velocity of body weight is
a better predictor of hypertension in young adulthood.
Further, a critical period was found at age 20 to 30 years
by the analyses of level-adjusted slopes. The results indicate
that people whose BMI increases rapidly during age 20 to
30 years have a considerably higher risk of developing
hypertension in later life, and BMI slope rather than BMI
level during young adulthood is a better predictor for
hypertension. To date, no data are available for comparison
with our studies on the rate of increase in BMI in a critical
window during young adulthood in relationship to the risk of
hypertension.

According to the critical period model proposed by John
Lynch and Ben-Shlomo in the life-course epidemiology
theory,27–29 exposure at a specific period in the life span
has a long-lasting effect on the anatomical structure and
physiological function that may eventually result in disease.
People with higher increasing slope of BMI at age 20 to
30 years might have a series of changes in physiology and

Table 2. Characteristics at Baseline and Incident Hypertension At Follow-Up By BMI Trajectory Groups

Variable
Low-Stable
(n=1497)

Medium-Increasing
(n=1421)

High-Increasing
(n=291) Sharp-Increasing (n=62) P Trend

Baseline

Age, y 29.1 (4.8) 28.8 (4.5) 27.3 (4.5) 25.0 (2.4) <0.001

Males, n (%) 276 (18.4) 1177 (82.8) 253 (86.9) 6 (9.7) <0.001

BMI, kg/m2 20.5 (2.1) 23.4 (2.3) 27.3 (3.3) 20.3 (2.4) <0.001

SBP, mm Hg 110.2 (10.2) 117.7 (10.3) 120.5 (10.6) 110.6 (10.5) <0.001

DBP, mm Hg 70.1 (8.0) 73.5 (7.6) 74.1 (7.9) 71.5 (7.5) <0.001

Smoker, n (%) 81 (5.4) 306 (21.5) 67 (23.0) 1 (1.6) <0.001

Drinker, n (%) 99 (6.6) 447 (31.5) 92 (31.6) 3 (4.8) <0.001

Follow-up, y 5.5 (2.2) 5.6 (2.1) 5.2 (2.1) 4.6 (1.6) <0.001

Follow-up

Incident
hypertension, n (%)

86 (5.7) 206 (14.5) 65 (22.3) 28 (45.2) <0.001

Hypertension incidence density per
1000 person-years (95% CI)

10.5 (8.4, 12.9) 25.8 (22.4, 29.6) 42.6 (32.9, 54.3) 97.3 (64.6, 140.6) <0.001

Study variables are presented as mean (SD) or n (%). BMI indicates body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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metabolism, including aorta root size increasing, early vascu-
lar aging and early endothelial dysfunction.30–32 Some of
these changes may have long-lasting and cumulative effects
on the risk of developing hypertension in young adulthood.
The increasement of BMI may lead to possible vascular
alterations in young adulthood. For instance, significantly high
prevalence of early vascular aging in age classes <40 years
has been reported.31 Early endothelial dysfunction may also

play an important role in incident hypertension in young
adulthood.32 Early vascular aging and endothelial dysfunction
may be caused by possible impact of body size on aorta root
size. Aorta root size may play a causative role in the
pathogenesis of systolic hypertension.30

For the sensitivity analysis, we repeated the association
analyses of observed BMI levels with incident hypertension
(Figure S2). The trends in ORs by ages were similar to those of
model-estimated BMI levels (Figure 2). The strong correla-
tions of the model-estimated with observed values of BMI
levels and the similar trends in ORs of the estimated and
observed BMI levels for hypertension showed the degree of
accuracy of the model-estimated BMI levels. In addition, we
also did the association analyses of hypertension with the BMI
levels and slopes estimated in a quadratic curve model
(Figure S3). The trends in ORs estimated in the quadratic
curve model were substantially similar to those in the cubic
curve model as shown in Figure 2 although the magnitudes of
ORs were slightly smaller as estimated in the quadratic curve
than in the cubic curve.

The strengths of this study included the large study
sample size, the availability of repeated measures of study
variables over time and the use of LCGMM. The LCGMM can
identify distinct trajectory subgroups to test the association
of the trajectories with health outcomes in later life and
allows for model-estimated BMI slope parameters for each
individual for the attempt to determine the critical age
period. On the other hand, the current study had a few
limitations. Firstly, the definition of incident hypertension was
partly according to the medical records from the available

Table 3. Hazard Ratios and 95% CIs of BMI Trajectory Groups for Incident Hypertension

Model 1 Model 2 Model 3 Model 4

Trajectory groups

Low-stable Reference Reference Reference Reference

Medium-increasing 2.42 (1.88, 3.11) 1.67 (1.19, 2.37) 1.63 (1.15, 2.31) 1.67 (1.18, 2.36)

High-increasing 4.25 (3.08, 5.87) 2.78 (1.60, 4.82) 2.86 (1.64, 4.99) 2.98 (1.71, 5.20)

Sharp-increasing 11.17 (7.60, 16.41) 13.80 (9.12, 20.87) 13.29 (8.75, 20.19) 12.33 (8.06, 18.85)

Covariates

Age, y* ��� 1.04 (1.01, 1.07) 1.05 (1.02, 1.08) 1.04 (1.01, 1.07)

Female ��� 0.61 (0.45, 0.82) 0.72 (0.53, 0.97) 0.97 (0.69, 1.37)

Baseline BMI* ��� 1.07 (0.91, 1.25) 0.98 (0.83, 1.16) 0.95 (0.81, 1.12)

Baseline SBP* ��� ��� 1.40 (1.24, 1.58) 1.39 (1.23, 1.56)

Smoker ��� ��� ��� 1.15 (0.89, 1.49)

Drinker ��� ��� ��� 1.77 (1.39, 2.25)

T2DM ��� ��� ��� 1.84 (0.88, 3.86)

BMI indicates body mass index; SBP, systolic blood pressure; T2DM, Type 2 diabetes mellitus.
*The standard deviations of continuous covariates (age, baseline BMI, baseline SBP) were 4.7 years, 3.2 kg/m2, 11.1 mm Hg, respectively.

Figure 2. Standardized odds ratio and 95% CI of model-
estimated levels and level-adjusted linear slopes of BMI during
young adulthood by age for incident hypertension, adjusting for
sex, smoking, alcohol drinking, and baseline SBP. BMI indicates
body mass index; SBP, systolic blood pressure.
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database, and ambulatory blood pressure data were not
available for the diagnosis of hypertension. Some incident
hypertension patients have been missed. Secondly, data
were from routine health examinations. The findings in this
cohort may not be generalizable to the general population.
Thirdly, the sharp-increasing group had the shortest follow-up
years. The findings of this study need to be validated in
further population studies.

Perspectives
The current study identified four distinct trajectories of BMI
during young adulthood in the Chinese population and found
significant associations of BMI trajectory groups with incident
hypertension. The level-independent rate of changes in BMI
during young adulthood has an important impact on the
development of hypertension in later life. Age between 20 and
30 years is a crucial period for the development of hyperten-
sion. The observations from this study provide new insights
into the understanding of hypertension development and
emphasize the importance of the level-independent increasing
velocity of BMI during ages 20 to 30 years for assessing
hypertension risk in later life. Public health intervention
should be underlined among young adults to prevent hyper-
tension, especially for those who have high increasing velocity
of body weight.
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Table S1. Digit preference of blood pressure (BP) measurements. 

End digit 

Proportions of end digit % 

Systolic BP Diastolic BP 

0 17.09 16.46 

1 8.88 9.04 

2 9.04 8.69 

3 9.22 9.10 

4 8.71 9.12 

5 10.56 11.26 

6 9.11 9.18 

7 9.35 8.92 

8 8.90 9.36 

9 9.15 8.88 

  



 

 

Table S2. Descriptive data of baseline and follow-up characteristics by incident 

hypertension at follow-up. 

Variable 
Total 

(n=3271) 

Normotensives 

(n=2886) 

Hypertensives 

(n=385) 
P-value 

Baseline     

Age, yr 28.7 (4.7) 28.8 (4.7) 28.3 (4.3) 0.075 

BMI, kg/m2 22.4 (3.2) 22.2 (3.1) 23.3 (3.3) <0.001 

SBP, mmHg 114.4 (11.1) 113.9 (11.0) 118.1 (11.2) <0.001 

DBP, mmHg 72.0 (8.0) 71.5 (7.9) 75.6 (7.8) <0.001 

Follow-up     

Age, yr 34.3 (4.6) 34.4 (4.6) 33.2 (4.3) <0.001 

BMI, kg/m2 23.8 (3.4) 23.5 (3.3) 25.6 (3.4) <0.001 

SBP, mmHg 117.3 (14.1) 114.2 (11.2) 140.7 (11.2) <0.001 

DBP, mmHg 71.9 (10.5) 69.6 (8.4) 88.7 (9.5) <0.001 

Follow up years 5.6 (2.2) 5.7 (2.2) 4.9 (1.8) <0.001 

Smoker, n (%) 685 (20.9) 561 (19.4) 124 (32.2) <0.001 

Drinker, n (%) 972 (29.7) 760 (26.3) 212 (55.1) <0.001 

BMI=body mass index; SBP=systolic blood pressure; 

DBP=diastolic blood pressure 



 

 

Table S3. Baseline characteristics of participants included and excluded. 

Variable Excluded Included P-value 

N 28590 3271  

Age, year 29.86 (5.6) 28.7 (4.7) <0.001 

Males, n (%) 16042 (56.1) 1712 (52.3) <0.001 

BMI, kg/m2 23.4 (3.8) 22.4 (3.2) <0.001 

SBP, mmHg 117.6 (11.8) 114.4 (11.1) <0.001 

DBP, mmHg 72.0 (8.8) 72.0 (8.0) 0.742 

Smoker, n (%) 2229 (7.8) 455 (13.9) <0.001 

Drinker, n (%) 2280 (8.0) 641 (19.6) <0.001 

BMI=body mass index; SBP=systolic blood pressure; DBP=diastolic blood pressure 

 



 

 

Table S4. Latent Class Growth Mixture Models (LCGMM) results of model fitting process. 

No. Latent class Polynomial degree Log-Lik BIC % Participants per class Mean posterior probabilities % Posterior probabilities > 70% 

1 Linear -34904 69848 100 na na 

 Quadratic -34772 69600 100 na na 

 Cubic -34742 69556 100 na na 

       

2 Linear -34571 69215 34.52/ 65.48 0.83/ 0.90 75.82/ 87.21 

 Quadratic -34370 68837 34.97/ 65.03 0.84/ 0.90 78.85/ 87.35 

 Cubic -34338 68798 35.43/ 64.57 0.84/ 0.90 78.60/ 87.12 

       

3 Linear -34299 68703 38.34/ 3.76/ 57.90 0.79/ 0.83/ 0.87 75.52/ 76.42/ 87.12 

 Quadratic -34170 68477 2.20/ 35.22/ 62.58 0.82/ 0.81/ 0.87 79.17/ 76.56/ 86.17 

 Cubic -34131 68433 1.99/ 35.4/ 62.61 0.83/ 0.81/ 0.86 81.54/ 76.25/ 86.82 

       

4 Linear -34230 68597 6.14/ 2.87/ 48.7/ 42.28 0.79/ 0.83/ 0.87/ 0.79 67.66/ 72.34/ 83.11/ 73.97 

 Quadratic -34059 68297 1.90/ 7.52/ 46.99/ 43.6 0.82/ 0.81/ 0.87/ 0.80 75.81/ 67.89/ 83.28/ 73.84 



 

 

 Cubic -34029 68277 45.77/ 43.44/ 8.90/ 1.90 0.86/ 0.79/ 0.81/ 0.83 82.70/ 73.19/ 69.42/ 74.19 

       

5 Linear -34155 68480 3.33/ 1.86/ 4.49/ 49.43 /40.87 0.80/ 0.78/ 0.73/ 0.90/ 0.82 70.64/ 63.93/ 50.34/ 86.58/ 78.98 

 Quadratic -33981 68180 43.14/ 8.13/ 0.89/ 45.58/ 2.26 0.80/ 0.80/ 0.83/ 0.86/ 0.82 74.63/ 68.80/ 72.41/ 81.96/ 74.32 

 Cubic -34095 68456 7.73/ 46.13/ 42.13/ 2.57/ 1.41 0.79/ 0.77/ 0.83/ 0.83/ 0.79 68.38/ 71.04/ 78.61/ 73.81/ 67.39 

No. Latent class: latent class number of the model; Log-Lik: the maximum Log-Likelihood; BIC: the Bayesian information Criterion; 

% Participants per class: proportion of participants per class; The best fitting model is highlighted in bold characters. (na: not applicable). 

  



 

 

Table S5. Parameter estimates for the best fitting 4-class cubic Latent Class Growth Mixture Model.  

  Intercept (se)* Linear (se) Quadratic (se) Cubic (se) 

Fixed effect      

 Low-stable 21.3 (0.443) 0.077 (0.012) 0.002 (0.001) 4.1x10-4 (1.5 x10-4) 

 Medium-increasing 25.4 (0.472) 0.176 (0.013) -0.010 (0.001) 4.2 x10-4 (1.9 x10-4) 

 High-increasing 28.1 (0.519)  0.095 (0.025) -0.022 (0.003) 1.8 x10-3 (3.4 x10-4) 

 Sharp-increasing 25.8 (na†) 1.905 (0.091) 0.047 (0.015) -3.7 x10-3 (1.3 x10-3) 

Random effects: variance-covariance matrix    

𝜎𝑖𝑛𝑡
2 = 2.26 

𝜎𝑙𝑖𝑛𝑒𝑎𝑟 𝑠𝑙𝑜𝑝𝑒
2  = 0.016 

𝜎𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑠𝑙𝑜𝑝𝑒
2  < 0.001 

𝜎𝑐𝑢𝑏𝑖𝑐 𝑠𝑙𝑜𝑝𝑒
2    < 0.001 

𝜎𝑒𝑟𝑟𝑜𝑟
2  = 1.00  

    

    

    

 

 

 

 

 

 

 

 

 

 

 

 

se=standard error 
*: Intercept interpreted as the expected level of BMI in kg/m2 at 31 years of age (centering to the mean age of the sample)  
†: The se of the intercept of this group was not estimated. 



 

 

Table S6. Model-estimated levels and linear slopes of BMI in means (SD) by incident 

hypertension at follow-up. 

Age (yr) 

BMI Level (kg/m2)  BMI Slope (kg/m2/yr) 

NTN HTN P-value  NTN HTN P-value 

20 21.93 (1.69) 21.53 (2.09) < 0.001  0.40 (0.34) 0.52 (0.45) < 0.001 

21 22.31 (1.71) 22.04 (2.23) 0.005  0.37 (0.29) 0.49 (0.36) < 0.001 

22 22.66 (1.76) 22.51 (2.36) 0.147  0.33 (0.26) 0.46 (0.28) < 0.001 

23 22.97 (1.83) 22.96 (2.44) 0.891  0.30 (0.23) 0.43 (0.24) < 0.001 

24 23.25 (1.89) 23.37 (2.49) 0.265  0.27 (0.20) 0.40 (0.22) < 0.001 

25 23.51 (1.96) 23.76 (2.49) 0.021  0.24 (0.19) 0.38 (0.24) < 0.001 

26 23.74 (2.02) 24.13 (2.47) < 0.001  0.22 (0.18) 0.36 (0.28) < 0.001 

27 23.94 (2.07) 24.48 (2.43) < 0.001  0.20 (0.18) 0.34 (0.32) < 0.001 

28 24.13 (2.13) 24.80 (2.40) < 0.001  0.18 (0.19) 0.32 (0.36) < 0.001 

29 24.30 (2.18) 25.11 (2.39) < 0.001  0.16 (0.20) 0.30 (0.40) < 0.001 

30 24.46 (2.23) 25.41 (2.43) < 0.001  0.15 (0.20) 0.29 (0.44) < 0.001 

31 24.60 (2.29) 25.69 (2.54) < 0.001  0.14 (0.21) 0.28 (0.47) < 0.001 

32 24.74 (2.36) 25.96 (2.73) < 0.001  0.13 (0.22) 0.27 (0.50) < 0.001 

33 24.87 (2.44) 26.22 (2.99) < 0.001  0.13 (0.23) 0.26 (0.52) < 0.001 

34 25.00 (2.53) 26.48 (3.31) < 0.001  0.13 (0.23) 0.26 (0.53) < 0.001 

35 25.13 (2.62) 26.74 (3.68) < 0.001  0.13 (0.23) 0.26 (0.53) < 0.001 

36 25.26 (2.73) 27.00 (4.08) < 0.001  0.13 (0.23) 0.26 (0.53) < 0.001 

37 25.40 (2.85) 27.25 (4.50) < 0.001  0.14 (0.23) 0.26 (0.52) < 0.001 

38 25.54 (2.98) 27.51 (4.94) < 0.001  0.15 (0.22) 0.26 (0.51) < 0.001 

39 25.70 (3.11) 27.78 (5.37) < 0.001  0.17 (0.22) 0.27 (0.49) < 0.001 

40 25.87 (3.24) 28.05 (5.79) < 0.001  0.18 (0.21) 0.28 (0.46) < 0.001 

NTN = normotension; HTN = hypertension 

  



 

 

Figure S1. Trajectories of body mass index by sex. 

 

 

  



 

 

Figure S2. Standardized odds ratio (OR) and 95% confidence interval (CI) of observed BMI 

levels for incident hypertension by age, adjusting for sex, smoking, alcohol drinking and 

baseline SBP. 

 

 

  



 

 

Figure S3. Standardized odds ratio (OR) and 95% confidence interval (CI) of model-

estimated levels and level-adjusted linear slopes of BMI from a four-group quadratic model 

by age for incident hypertension, adjusting for sex, smoking, alcohol drinking and baseline 

SBP. 

 

 

 


