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Objective: The purpose of our study was to investigate the association of obesity
status change with hypertension onset based on a community-based longitudinal
cohort study in North China.

Methods: This longitudinal study included 3,581 individuals free of hypertension
at baseline in the first survey (2011-2012). All participants were followed
up (2018-2019). According to the criteria, a total of 2,618 individuals were
collected for analysis. We used adjusted Cox regression models and Kaplan—Meier
survival analysis to estimate the association between obesity status change and
hypertension onset. Additionally, we applied the forest plot to visualize the
subgroup analysis including age, gender, and the differences in some variables
between baseline and follow-up. Finally, we conducted a sensitivity analysis to
examine the stability of our results.

Results: Over nearly 7 years of follow-up, a total of 811 (31%) developed
hypertension. The new hypertension incidence was mostly observed in those who
were obese all the time (P for trend < 0.01). In the fully adjusted Cox regression
model, being obese all the time increased the risk of hypertension by 30.10%
[HR 4.01 (95% CI 2.20-7.32)]. The Kaplan—Meier survival analysis revealed the
change in obesity status as an important feature to predict the occurrence of
hypertension. Sensitivity analysis shows a consistent trend between the change
in obesity status and hypertension onset in all populations. Subgroup analysis
showed that age above 60 years was an important risk factor for hypertension
onset, that men were more likely than women to develop hypertension, and
that weight control was beneficial in avoiding future hypertension in women.
There were statistically significant differences in ABMI, ASBP, ADBP, and AbaPWV
between the four groups, and all variables, except baPWV changes, increased the
risk of future hypertension.

Conclusion: Our study shows that obese status was notably associated
with a significant risk of hypertension onset among the Chinese
community-based cohort.
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1. Introduction

Hypertension has become a major health issue with the
increasing aging population and unfavorable healthy behaviors,
which contributes to 20% of mortality and 50% of morbidity
related to cardiovascular diseases (CVDs) in China (1). Over
the past few years, hypertension and obesity have increased
worldwide, and hypertension often occurs concurrently with
obesity. Moreover, hypertension and obesity are both the major
components of metabolic syndrome (MS) that threaten public
health, as it interacts with metabolic risk factors to dominate
and accelerate the abnormal internal environment homeostasis
progression. Despite the increasing global epidemic of obesity,
mortality caused by coronary artery disease (CAD) and stroke has
declined in the past 10 years, probably as a result of the improved
public health management of other CVD risk factors (2). However,
the prevalence of hypertension shows a consistently increasing
trend among the overweight and obese population (3). The risk
of CVD is higher in adults with an elevated body mass index
(BMI), but there is little study on whether the obese status change
has a relationship with hypertension onset based on the Chinese
population since the majority of the earlier research was based on
Western population (4).

The rising tendency of overweight and obesity is worrisome
and becoming a worldwide challenge. It is widely established that
obesity, defined as elevated BMI, has been proven to be associated
with a higher risk of hypertension (5). Moreover, because obesity
is occurring at increasingly younger ages, it is likely to translate
into a high cumulative incidence of hypertension (6). Currently,
individuals are experiencing a large cumulative exposure to excess
adiposity obtained in their lifetime, thus, it is very important to
understand the effect of obesity status change on hypertension
onset. This raises the question of whether the obesity status change
is more detrimental to future hypertension risk. A more in-depth
perception of the relationship between obesity and hypertension
would be critical to the better management of abdominal obesity-
related cardiometabolic risk, thus offering an additional chance for
the primary prevention of CVD (7).

Emerging evidence has demonstrated that obese individuals
were at higher risk of hypertension later in life (8), though no
information about how obesity status changes affect hypertension
onset was provided in those studies. Hence, our study aimed
to study the association between obesity status change and
hypertension onset based on a community-based longitudinal
cohort in North China. In this research, we analyzed longitudinal
data to determine if there was an association between obesity status
changes with the consequent risk of hypertension onset.

2. Methods
2.1. Study population and design

This longitudinal cohort study of the Shougang community
in Beijing in North China is a prospective cohort, which was
designed to assess the determinants and progression of CVD
between 2011 and 2019 among 2,618 participants aged from
18 to 98 years. We recruited participants from the employee
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and retiree population of the community. Beginning from the
study’s inception, participants conducted healthy assessments
and questionnaires for demographic features, lifestyle factors,
anthropometric measurements, and blood tests. The baseline was
conducted from 2011 to 2012, and the enrolled individuals were re-
examined from 2018 to 2019. All participants were provided written
informed consent for inclusion in this cohort.

Figure I illustrates the flow chart for screening eligible
participants in 3581 subjects. The subjects who had complete
follow-up records were included in our study. The exclusion criteria
were as follows: (1) participants diagnosed with hypertension in
baseline; (2) without blood pressure measure records; (3) with
cancer or malignant tumor; (4) lost BMI records; (5) diagnosis of
a history of stroke, myocardial infarction, or other CVD; (6) less
than 18 years old; and (7) pregnant.

Finally, a total of 2,618 participants who had normal blood
pressure were enrolled in our study. The survey protocols,
instruments, and the process for obtaining informed consent were
approved by the Ethics Committee of Beijing Hypertension League
Institute (Ethical Approval No. 2017-102), and each participant
provided written informed consent. Our study conformed
with the principles of the Declaration of Helsinki and the
following checklist in accordance with STROBE Statement 2019
(Supplementary Table 4).

2.2. Definition of obesity status change

The change in obesity status means that according to the BMI
change from baseline to 2018, we divided the population into four
groups: Group 1 (always having a normal weight, which means
from baseline to follow-up, this group’s weight kept in the normal
range), Group 2 (from normal weight to becoming obesity, which
means this group had normal weight at first, but being fat finally),
Group 3 (from obesity to become normal weight, which means this
group was obese at first, and then becoming normal), and Group
4 (keeping obesity all the time, which means this group had been
obese during 7 years). Those four groups represented four obesity
statuses in our study.

Body mass index (BMI) was calculated as weight (kg) divided
by height squared (m?) and subsequently categorized as low
(<18.5 kg/m?), normal (18.5-23.9 kg/m?); overweight (24.0-
27.9 kg/mz), or obese (>28 kg/mz) according to the criteria
of the expert consensus on obesity prevention and treatment
in China (9). In a personal assessment, weight (to the nearest
0.1kg) and height (to the nearest 0.1cm) were determined
by standardized equipment, and BMI was then calculated as
described above.

2.3. Definition of hypertension onset

According to multiple previous studies (10-12), we defined
hypertension onset as follows. After the baseline examination
without hypertension, individuals who were diagnosed with
hypertension in follow-up examination were reported hypertension
onset.
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3581 participants who did baseline and 2018-2019 follow up
examination from Shougang Longitudinal Cohort Study

963 participants were excluded for

(1) diagnosed with hypertension in the baseline;
(2) without blood pressure measure record;
(3) with cancer or malignant tumor;

(4) lost BMI records;
(5) a diagnosis of a history of stroke, myocardial
infarction and other cardiovascular discases:

I 2618 participants with BMI and BP data were finally analyzed ]

(6) less than 18 years old;
(7) pregnant.

I According to change of obesity status |

Always Normal
(n=134)

Becoming Obesity
(n=217)

Becoming Normal
(n=408)

Always Obesity
(n=1859)

FIGURE 1
Flow chart of this cohort study

Hypertension criteria (13) included: (1) average systolic
blood pressure (SBP) >140 mmHg or diastolic blood pressure
(DBP) > 90 mmHg (2)
(3) current administration of antihypertensive drugs within

self-reported hypertension; and

2 weeks.
blood
trained

and diastolic
three
an automatic

7200

standardized protocol.

Systolic pressures were

measured times by one examiner using

HEM-
according to a

blood pressure monitor (Omron
the

The

Monitor) in right arm

average blood pressure was

calculated accordingly.

2.4. Assessment of covariates

We used a validated questionnaire to obtain participants’
information, including demographic information, metabolic
biomarkers, and health behavioral factors to control the related
bias. For smoking and drinking, we combined data on current
and previous smoking and drinking status. Body height and
weight were measured using a standard method by calibrated
apparatus. Brachial-ankle pulse wave velocity (baPWV) was
examined by the Omron non-invasive vascular screening
device (BP-203RPEIII). Demographic information (age and
gender) and health behaviors (smoking status and alcohol
household
interviews using structured questionnaires. After household

consumption) were accessed from face-to-face
interviews, venous blood was collected by trained staff. The blood
samples were transported to the Peking University Shougang
Hospital in Beijing and stored at —80°C refrigerator. Metabolic
biomarkers were acquired following a standard protocol of
biochemical detection, including triglycerides (TGs), low-density
lipoprotein (LDL), high-density lipoprotein (HDL), and total
cholesterol (TC).

Frontiersin Public Health

2.5. Statistical analysis

The statistical analysis were performed according to the
recommendation of the American Heart Association Scientific
Publication Committee (14). The missing covariates were filled
with mean to reduce selection bias. Normally distributed variables
(decided by the Kolmogorov-Smirnov test) are presented as mean
=+ standard deviation (SD). Categorical variables were provided
as frequencies with percentages. The baseline characteristics were
compared among the obesity status change groups quartiles by
one-way ANOVA test (normal distribution), and the difference
of hypertension onset based on four groups was analyzed by chi-
square test (categorical variables).

A multivariable Cox regression analysis was conducted to
estimate hazard ratios (HRs) and 95% confidence intervals
(95% CI) for the association between obesity status change and
hypertension onset. First, we adjusted for age and gender, and
then in the minimally adjusted model, we adjusted age, sex,
income, smoking status, alcohol status, outdoor activity status,
and amount of adding salt in food. In the final Cox models, we
adjusted for the following potential confounders: age, sex, income,
smoking status, alcohol status, outdoor activity status, amount of
adding salt in food, family history of hypertension, and family
history of high cholesterol. Additionally, stratified analyses were
performed to evaluate the possible effect modification of subgroups
according to age, gender, and the change in BMI, SBP, DBP, and
baPWYV. Furthermore, a sensitivity analysis based on the exclusion
of participants who had a family history of hypertension was
performed to test the robustness of the findings. We conducted
the P for interaction analysis as well to examine the sex-to-obesity
status interaction in association with hypertension onset. Finally,
we illustrated the outcomes of the Kaplan-Meier survival analysis
to dig into the influence of obesity status change and hypertension
onset. A two-tailed P < 0.05 was considered to be statistically
significant in all analyses. All data analyses were performed using
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TABLE 1 Baseline characteristics of the total participants according to different BMI change groups.

10.3389/fpubh.2023.1170334

Characteristics Total Group 1 Group 2 Group 3 Group 4
Population 1 (%) 2,618 134 (5.10%) 217 (8.30%) 408 (15.60%) 1,859 (71.00%)
Age Mean + SD 55.57 +7.37 52.08 % 6.79 54.60 + 8.06 55.48 % 7.05 55.96 % 7.32
Sex

Male 1 (%) 845 (32.30%) 3 (2.20%) 37 (17.10%) 69 (16.90%) 736 (39.60%)

Female 1 (%) 1,773 (67.70%) 131 (97.80%) 180 (82.90%) 339 (83.10%) 1,123 (60.40%)
Diagnosis BMI Mean + SD 25.49 +3.32 21.48 + 1.59 21.78 £ 1.55 23.13 £2.30 26.72 +2.91
WHR Mean + SD 0.89 = 0.06 0.80 £ 0.03 0.81 = 0.03 0.88 = 0.04 0.91 + 0.06
Smoking status

Never n (%) 2,224 (84.95%) 131 (97.76%) 204 (94.01%) 373 (91.42%) 1,515 (81.50%)

Yes 1 (%) 394 (15.05%) 2 (1.49%) 13 (5.99%) 35 (8.58%) 344 (18.50%)
Blood pressure

SBP Mean + SD 124.04 £ 9.72 118.11 & 10.70 120.51 & 11.28 121.93 4 10.82 125.33 & 8.82

DBP Mean + SD 72.06 + 7.67 68.73 £7.38 69.79 £ 7.93 70.86 + 7.82 72.83 +7.48
baPWV Mean =+ SD 1,513.72 + 269.86 1,406.37 + 244.91 1,465.39 + 274.64 1,482.95 + 252.69 1,533.85 £ 271.67
TC Mean + SD 532+ 1.58 538+ 1.04 5154 1.01 537 +0.92 532+1.77
TG Mean £ SD 1.51+1.22 1.07 +0.51 1.11 £ 0.99 140 +1.36 1614123
HDL Mean £ SD 1.48 +0.48 1.8140.38 1.71 £ 0.41 1.60 + 0.37 1.40 £ 0.49
LDL Mean + SD 3.21+0.82 3.14+0.86 2.98 £ 0.80 3.24+0.77 3.24+0.82

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; baPWV, brachial-ankle pulse wave velocity; TC, total cholesterol; TG, triglyceride; HDL, high-density

lipoprotein; and LDL, low-density lipoprotein.

SPSS 26.0 (SPSS Inc., Chicago, Illinois, United States), and all
figures were performed by R software (version 4.2.1), GraphPad
Prism 8, and Origin 2021.

3. Results

3.1. Clinical characteristics of the study
population

The clinical characteristics of the study population are
presented in Table 1 according to obesity status change. This cohort
study consisted of 2,618 participants with a mean age of 55.57
years, and 32.3% of them were male participants. Four groups
defined by BMI changes from baseline to the final follow-up are
shown in Figure 2. In the baseline survey, although all individuals
were without hypertension, the other three groups’ SBP and DBP
elevated when compared with Group 1's SBP and DBP (118.11
=+ 10.70, 68.73 £ 7.38). Consistently, Group 2 (120.51 £ 11.28,
69.79 + 7.93), Group 3 (121.93 £ 10.82, 70.86 + 7.82), and
Group 4 (125.33 + 8.82, 72.83 £ 7.48) were also increasing by
groups. Interestingly, Group 3 was the population that lost weight
successfully, and their blood pressure was higher than Group 2 in
which the participants were fatter than baseline. This interesting
finding might illustrated that once people became obese, their blood
pressure would increase. Moreover, compared with Group 1 and
Group 2, individuals from Group 3 who were obese at baseline
had superior TC, LDL, TG, waist-hip ratio (WHR), baPWV, and
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FIGURE 2
Visualization of four groups defined by BMI changes.

decreased HDL. The characteristics of Group 4 who were keeping
obesity status were always at the supreme level.

3.2. The crude prevalence of hypertension
onset
During a 7-year follow-up, 811 participants (31%) developed

hypertension. Table 2, Figure 3 summarize the hypertension onset
situation of four groups. The hypertension onset was more

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1170334
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Cai et al.

TABLE 2 Crude prevalence of hypertension onset in four groups.

10.3389/fpubh.2023.1170334

Groups Total Group 1 Group 2 Group 3 Group 4 X2 P-value
Normal 1 (%) 1,807 (69.00%) | 123 (91.80%) 166 (76.50%) 324 (79.40%) | 1,194 (64.20%) ‘

78.74 <0.01
Hypertension onset n (%) 811 (31.00%) 11 (8.20%) 51 (23.50%) 84 (20.60%) 665 (35.80%) ‘

Group 1: always normal weight; Group 2: becoming obesity; Group 3: becoming normal weight; and Group 4: always obesity.

1500
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FIGURE 3
Bar plot shows the crude prevalence of hypertension onset situation
in four groups.

frequently observed in Group 4 (n = 665/N = 1,859, 35.80%)
where the participants were keeping obesity status all the time.
The hypertension onset was seen in Group 2 (n = 51/N = 217,
23.50%) higher than in Group 3 (n = 84/N = 408, 20.60%). The
hypertension onset was seen lowest in Group 1 (n = 11/N =
134, 8.20%). The chi-square test was adopted with a statistically
significant difference (x2=78.74, P < 0.01). We found that keeping
obese had a strong association with hypertension onset, and
becoming fat was observed to have a higher risk for future
hypertension than keeping a normal weight and becoming thin.

3.3. Risk of obesity status change and
hypertension onset

Table 3 summarizes the Cox regression analysis of the
association between obesity status change and hypertension onset.
The other groups had an increased risk of developing hypertension
in comparison to Group 1. In the fully adjusted model, participants
in Group 2 [HR 2.82 (95%CI 1.47-5.42); P < 0.01] exhibited a 2.82-
fold risk, Group 3 [HR 2.29 (95%CI 1.22-4.31); P < 0.05] exhibited
a 2.29-fold risk, and Group 4 [HR 4.01 (95%CI 2.20-7.32);
P<0.01] exhibited a 4.01-fold risk of developing hypertension
when setting the Group 1 as reference. Moreover, the risk factors
involved in model 3 (fully adjusted model) were shown by a
forest plot (Figure 4). The results of the Kaplan-Meier survival
analysis showing in Figure 5 revealed that the odds of cumulative
risk of hypertension onset increased by years in participants
from Groups 1 to Group 4, and the percentage of increase
was not equal among groups. By calculating the cumulative risk
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probability of developing hypertension onset, the results showed
that four groups were statistically significant compared to the other
groups.

3.4. Subgroups analysis

3.4.1. Age subgroup analysis

As age was a significant variable in the Cox regression
model, we divided the population into two subgroups based
on age (<60 years and >60 years). Figure6 shows that
age over 60 years was a significant risk factor contributing
to future hypertension, especially can be observed that the
HR of age over 60 years was high in Group 2 (HR 3.69)
and Group 4 (HR 4.67). Moreover, other variables analyzed
above were shown in the next two forest plots with HRs
and 95%CI (Figures 7A, B). Figure 7A shows the result of age
under 60 years, and Figure 7B shows the result of age over
60 years.

3.4.2. Sex subgroup analysis

Because sex was a significant variable in the Cox regression
model, female participants had a lower risk of developing future
hypertension [HR 0.81 (95%CI 0.67-0.98)] than male participants.
Therefore, we analyzed the risk of the female participants to have
hypertension onset (Figures 8A, B), Figure 8A shows the HR of
each group, Group 2 [HR 3.05 (95%CI 1.57-5.92)], Group 3
[HR 2.25 (95%CI 1.19-4.27)], and Group 4 [HR 3.60 (95%CI
1.97-6.58)] respectively. Figure 8B shows the association between
female and hypertension onset based on Cox regression analysis.
The outcomes displayed that when the female gender was taken
into account, the risk of the decreased BMI (Group 3) with
the hypertension onset was attenuated. Moreover, remaining
obese (Group 4) and becoming obese (Group 2) in female
participants might increase the risk of future hypertension. We
also classified the participants into two subgroups according to
gender based on the joint associations of sex and obesity status
change with hypertension onset (P for interaction = 0.009)
(Supplementary Table 1).

3.5. Association of the ABMI, ASBP, ADBP,
and AbaPWV between baseline to final
follow-up with hypertension onset within
four groups

Table 4 showed the ABMI, A SBP, ADBP, and
AbaPWV between four groups had significant statistical
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TABLE 3 Cox models indicate the association of obesity status changes with hypertension onset.

Hypertension onset

Model 1 Model 2 Model 3

HR (95% Cl) HR (95% Cl)  P-value HR (95% Cl)
Group 1 1 1 1
Group 2 2.79 (145, 5.46) <0.01 2.80 (1.46, 5.39) <0.01 2.82(1.47,5.42) <0.01
Group 3 2.30 (1.23, 4.32) <0.05 2.29 (1.22, 4.30) <0.05 229 (1.22,4.31) <0.05
Group 4 4.05(2.22,7.38) <0.01 4.05(2.22,7.38) <0.01 4.01(2.20,7.32) <0.01
Age 0.57 (0.55, 0.58) <0.01 0.57 (0.55, 0.60) <0.01 0.57 (0.55, 0.60) <0.01
Sex, female 0.79 (0.69, 0.91) <0.01 0.85(0.71, 1.03) 0.09 0.81 (0.67, 0.98) <0.05
Income 0.97 (0.91, 1.04) 0.36 0.97 (0.90, 1.03) 0.30
Smoking status 1.09 (0.98, 1.22) 0.10 1.09 (0.98, 1.21) 0.13
Alcohol status 1.04 (0.93,1.17) 0.50 1.04 (0.93, 1.16) 0.54
Outdoor activity 0.98 (0.85, 1.13) 0.82 0.97 (0.84, 1.12) 0.65
Salt intake 0.95 (0.87, 1.05) 0.32 0.96 (0.88, 1.05) 0.41
Family history of hypertension 1.23 (1.07, 1.41) <0.01
Family history of high cholesterol 1.17 (0.99, 1.37) 0.05

Model 1 (crude model) adjusted for age and sex.

Model 2 (minimally adjusted model) adjusted for age, sex, income, smoking status, alcohol status, outdoor activity, and salt intake.
Model 3 (fully adjusted model) fully adjusted, with the addition of adjustments for family history of hypertension and family history of high cholesterol.

Variables HR(95%C) P Value
Sex - 0.81(0.67-0.98) 0.03
Income - 097(0.90-1.03) 0.295
Smoke Ho— 1.09(0.98-121) 0.128
Drink - = 1.04(093-1.16) 0535
Outexer - 097(0.84-1.12) 0648
Saltintake - 0.96(0.88-1.05) 0401
HighTC e 1.17(1.00-1.37) 0.053
HyperFH —— 1.23(1.07-1.41)  0.004
ﬁ'l A} l'l ; ;l
FIGURE 4
Forest plot of fully adjusted variables in COX regression analysis
model (model 3) shows risk of different obesity status and
hypertension.

differences (P < 0.01); however, after fully adjusting
by age, sex, drinking,  outdoor

activity, salt intake, high cholesterol, and family history

income,  smoking,

of hypertension, the HR (95%CI), 1.06 (1.02, 1.10),
1.05 (1.05, 1.06), 1.06 (1.06, 1.07), and 1.00 (1.00,
1.00), respectively, which indicated that there were
no statistical significant that baPWV change made to
hypertension onset. The variables adjusted contributed
to the risk of future hypertension are shown in

Supplementary material.
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4. Discussion

Hypertension is an independent risk factor for cardiovascular
events, and it is also the major modifiable risk factor for CVD
and premature mortality. Current estimates suggest that there
are 435.3 million people with prehypertension worldwide (15),
accounting for 41.3% of the population aged over 18 years.
Studies on hypertension have primarily focused on weight status
during childhood and adulthood (16). However, to the best of our
knowledge, there is little study on the association of obesity status
change with hypertension onset among the adult population in the
Chinese community.

In our community-based, longitudinal cohort study, we found
that 811 participants were newly diagnosed with hypertension
after nearly 7 years of follow-up. Notably, the most important
outcome of our study is that maintaining obesity status (Group
4) was associated with the highest HR of future hypertension,
whereas losing weight to become normal weight (Group 3) was
associated with a slightly higher risk of hypertension onset than
status from normal weight to obesity (Group 2). Our finding is in
accordance with recent studies (17), indicating that keeping obesity
status is an important risk factor for hypertension onset. A possible
explanation for this might be that patients keeping obesity status are
accompanied by sympathetic nerve excitation (18), which results
in the amount of norepinephrine, angiotensin II, and adrenaline
being released in their body causing vasoconstriction so that their
blood pressure is rising over time. Previous studies (19, 20) have
shown that there are many other internal mechanisms of obesity
that affect the hypertension onset, such as renin-angiotensin-
aldosterone system (RAAS) activation, water and sodium retention,
vascular endothelial contraction, and even dysfunction through
mediating oxidative stress and abnormal inflammatory response.
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FIGURE 5
Kaplan-Meier estimates of survival in the four groups.
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Whereas, taking the “obesity paradox” into account (21), which
is that individuals with mildly higher BMI are associated with
better survival and fewer cardiovascular events, our study’s finding
is in contrast to it. We thought obesity has a bad risk effect
on hypertension onset. The reasons for differences between the
contrast results might be the following aspects, such as limited
studies on the relationship between obesity and hypertension
onset, the ambiguous elucidated pathophysiological process of
obesity-induced hypertension, and the co-pathogenesis under it.
Hence, more case—control studies and cohort studies on more
people are needed to evaluate the correlation between obesity and
hypertension onset later.

Additionally, the risk of hypertension onset was continuously
attenuated with each group according to female gender and age
under 60 years. Interestingly, our results were opposite to Li’s
research (8), in which they observed that participants older than
60 were negatively associated with an increased incidence of
hypertension. The various results between other studies and ours
might be caused by the different study population composition.
Our study had nearly 67.7% female participants, and they had
32.1% female participants involved in their study. The huge
gender difference made our research outcomes contrary to their
research. Nonetheless, these current findings are likely to be
prone to bias caused by self-reporting or thinking of body
weight, or they were limited to a finite age range that did not
extend beyond middle age. In addition, our study indicated a
gender difference in hypertension onset with different obesity
status changes. In line with the previous report, Taras study
has shown that male participants were more likely than female
participants to develop a variety of obesity-related diseases, such
as diabetes, hypertension, and other CVD (22). The underlying
pathogenic mechanism might be that the inflammation level in
male participants is higher than in female participants (23), which
causes the function of endothelial cells to decrease without any
responses to vascular or immune stimulation. However, in female
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FIGURE 6
3D bar plot showing the cox regression analysis of age under 60
years old and age over 60 years old.

participants, the vascular endothelial cells show the sustainable
ability to respond to the changing inflammation level even though
keeping high-fat diet stress. Meanwhile, this evidence may expound
the possible mechanism behind the influence of obesity on
hypertension onset.

The most interesting founding of our research is that the
population who has an obesity history, no matter how they lost
weight by any means, their risk to develop future hypertension
was higher than the population who was always keeping a normal
weight, especially higher than the population who were normal at
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FIGURE 7

result of subgroup over 60 years old.

The forest plot of fully adjusted Cox model analysis of age subgroups. (A) shows the result of subgroup under 60 years old and (B) illustrates the

Variables HR(95%Cl) P Value
Sex . 0.72(0.50-1.05) 085
Income o 097(0.88-1.07) 531
Smoke T 1.15(0.95-1.39) 167
Drink -t 1.09(0.89-1.34) 406
Outexer i 1.02(0.80-1.31) 853
Sailt intake i 1.06(091-125) 452
HighTC T 1.21(0.90-161) 205
HyperFH —— 1.26(0.98-1.63) 077

o8 " 2 28

[ Female

» (23
= “w
1 A

@
1

Hazard Ratio (HR)

Growp 2

Growp 1

Group 3 Grovp 4

change of obesity degree

FIGURE 8

history and hypertension family history.

The graph indicated the risk of female with hypertension onset. (A) Bar plot; (B) Forest plot of the association between female and hypertension
onset based on cox regression analysis. The association was adjusted for income, smoke, drink, outdoor activity, salt intake, high total cholesterol

B
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first with obesity status later. It indicated no matter developing
into obesity status or from obesity to normal weight, as long as
obesity had occurred in one’s lifespan, blood pressure would be
abnormal. Studies have found that this is caused by the hidden
danger of immune cell abnormalities during the obesity period
(24). We speculate that this might be due to a large amount of
free fatty acids in the circulatory system of obese individuals,
and these fatty acids can directly change the innate immune
cells including monocytes and macrophages into inflammatory
phenotypes, which are retained in the aging process of mice
through “epigenetic memory” (25). These patterned macrophages
then travel in the body, where they initiate inflammatory
programs that promote age-related hypertension. One study
analyzed adipose tissue from obese, lean, and normal mice,
and the researchers found that after a while on a high-fat diet
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(HFD), adipose-related macrophages (ARMs) in adipose tissue
were observed to develop toward a pro-inflammatory phenotype,
with many inflammatory genes becoming significantly expressed
in these cells (26), including tumor necrosis factor-a (TNEF-a),
interleukin-1b (IL-1b), and interleukin-6 (IL-6). The two studies
above provide a deep insight into the mechanism of obesity
incidence’s effect on system metabolic change. In other words,
adipose tissue macrophages produce cytokines due to a history of
obesity and maintain a pro-inflammatory state after weight loss.
Those studies may explain the reason why people who losing
weight after being obesity still have high risks to deliver future
hypertension.

Moreover, decreased physical activity, obesity genes,
intrauterine epigenetics, environmental toxins, and high-fat

and fructose diets lead to insulin resistance, obesity, hypertension,
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TABLE 4 Association of the ABMI, ASBP, ADBP, and AbaPWYV between baseline and follow-up with hypertension onset according to different obesity

statuses.
Characteristics Total Group 1 Group 2 Group 3 Group 4
BMI 2012 (kg/mz) Mean + SD 25.49 £3.32 21.48 £1.59 21.78 £1.55 23.13£2.30 26.72 £ 291
BMI 2018 (kg/m?) Mean + SD 25.04 4333 21.07 4 1.80 23.97 +2.07 22244195 26.30 + 291
ABMI (kg/m?) Mean + SD —044+1.73 —0.45 + 1.21% 0.23 + 1.57 —0.89 + 1.81% —0.42 + 173"
BP 2012
SBP Mean + SD 124.04 + 9.72 118.11 £ 10.70 12051 + 11.28 121.93 + 10.82 125.33 + 8.82
DBP Mean + SD 72.06 £ 7.67 68.73 £7.38 69.79 £7.93 70.86 + 7.82 72.83 £7.48
BP 2018
SBP Mean + SD 128.30 + 15.04 118.27 + 14.32 124.36 + 14.20 124.44 + 15.34 130.32 + 14.58
DBP Mean + SD 77.95 + 9.03 73.68 + 8.16 75.63 + 8.79 75.59 + 8.82 79.04 + 8.93
ABP
ASBP Mean + SD 423+13.15 0.15 + 10.72s 3914 11.85* 246 + 12.58"" 4.94 + 13.49"
ADBP Mean + SD 5.87 +7.99 494 + 6,51 5.86 £ 7.79"" 476 +7.27% 6.18 + 8.23*
baPWV 2012 Mean+SD | 1513.724269.86 | 1,406.37 +244.91 | 146539 +274.64 | 1482.95+252.69 | 1,533.85+271.67
baPWV 2018 Mean£SD | 1,619.48+308.96 | 1,487.16+259.25 | 1,582.414316.82 | 1,580.224296.94 | 1,641.97 431047
AbaPWV Mean£SD | 10576 +224.82 | 80.79 + 184.45™ | 117.01 +197.99" | 97.27 +200.29" | 108.12 4 235.22*

P-value < 0.05 is statistically significant.
*P < 0.05, **P < 0.01, and ***P < 0.001.

and vascular dysfunction, suggesting a vicious cycle throughout
the lifespan. A complex interaction of endocrine factors (27),
cytokines, vascular cellular components (28), extracellular matrix
(28), perivascular adipose tissue (29), and immune cells (30) could
be seen within the progression of hypertension. Diet-induced
obesity creates conditions for impaired endothelial nitric oxide
synthase activation (31), vascular cell-specific mineralocorticoid
and increased aldosterone plasma level, and decreased nitric oxide
bioavailability (32) leading to increased vascular permeability and
inflammation, leukocyte adhesion, increased vascular constriction,
tissue remodeling, and fibrosis (6). Those may indicate the
communication behind obesity and hypertension. Diet-induced
obesity in early life will trigger the continuous reprogramming
of the innate immune system (33), which will persist long after
the normalization of metabolic abnormalities and have a lasting
impact on individual health status. Therefore, individuals who are
not obese need to try their best to avoid obesity and reduce the
possibility of leaving epigenetic abnormal cells.

Above all, obesity and hypertension are major global public
health problems and disease burdens. Obesity has been recognized
as an important risk factor for hypertension. Our study shows the
association of obesity status change with hypertension onset. First,
we found that keeping obesity status was the most important risk
among the four statuses for delivering hypertension onset. Second,
female gender and age under 60 years were two protective factors
for different obesity status groups to have future hypertension, and
losing weight was more significant in the female population. Last
but not least, what is interesting is that once obesity happens in
one’s life, the blood pressure level could not recover to a normal
state easily.
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5. Limitation

There are several potential limitations to our study. The
major limitation of our study is that we only used BMI as the
standard to define obesity status change. BMI-defined obesity
has heterogeneous to some extent because BMI could not reflect
regional body fat distribution. Nevertheless, BMI is still the
most frequently used metric for identifying obesity, which had
a minimal influence on our results. Admittedly, the present
study is also limited by the lack of variables that influence
hypertension onset possibly in the cohort database (12, 34),
such as heart rate, estimated glomerular filtration rate (eGFR),
and fasting blood glucose (FBG). Further studies with those
variables and multi standards defined obesity status change are
still warranted.

6. Conclusion

In the present study, we observed a trend toward an association
between obesity status change and hypertension onset. Keeping
obese status was associated with the highest risk of hypertension
onset. Losing weight after being obese was associated with a
higher risk of hypertension onset than being at normal weight
at first and then becoming fat. Moreover, keeping a normal
weight is always the best choice to be away from future
hypertension. Awareness of weight control and prevention from
becoming obese may contribute to hypertension risk management
in clinical practice.
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