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Abstract
Background  Data on the impact of age at onset of overweight/obesity on the risk of hypertension are limited. We 
aimed to investigate the above-mentioned association in Chinese population.

Methods  6700 adults who participated in at least three survey waves and were free of overweight/obesity and 
hypertension on first survey were included using China Health and Nutrition Survey. The age of participants at 
the onset of overweight/obesity (body mass index ≥ 24 kg/m2) and subsequent hypertension occurrence (blood 
pressure ≥ 140/90 mmHg or use of antihypertensive medication) were identified. We used the covariate-adjusted 
Poisson model with robust standard error to calculate the relative risk (RR) and 95% confidence interval (95%CI) to 
examine the relationship between the age at onset of overweight/obesity and hypertension.

Results  There were 2,284 new-onset overweight/obesity cases and 2,268 incident cases of hypertension during an 
average 13.8-year follow-up period. Compared with the population without overweight/obesity, the RR (95% CI) of 
hypertension was 1.45 (1.28–1.65), 1.35 (1.21–1.52) and 1.16 (1.06–1.28) for overweight/obesity onset in participants 
aged < 38 years, 38–47 years, and ≥ 47 years, respectively. The risk of hypertension increased linearly with a decrease 
in age at onset of overweight/obesity (P < 0.001 for trend). The sensitivity analyses results were similar after excluding 
the participants taking antihypertensive medications or those with new-onset obesity or using waist circumference to 
define overweight/obesity.

Conclusions  Our results emphasize the importance of assessing age at onset of overweight/obesity to prevent 
hypertension.
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Introduction
Hypertension is a public health concern that has a high 
prevalence worldwide [1]. Hypertension contributes to 
cardiovascular disease and premature death [2]. Thus, 
early and accurate identification of individuals who are at 
risk of hypertension is essential to reduce the burden of 
hypertension and associated cardiovascular disease.

It is widely accepted that the conditions of over-
weight and obesity are major modifiable risk factors for 
hypertension [3]. Epidemiologic studies have confirmed 
that overweight and obesity increase the risk of hyper-
tension [4]. Certain mechanisms, such as increased 
sympathetic nervous system activity and renin–angio-
tensin–aldosterone system activity, insulin resistance 
and pro-inflammatory cytokine release, are proposed to 
explain obesity-related hypertension [3]. Recently, the 
age of subjects at the onset of overweight and obesity has 
received substantial medical attention. Overweight and 
obesity onset during different periods of life may confer 
various health risks [5]. Additionally, the age at onset can 
be considered as a crude marker for the duration of obe-
sity, given that adults with overweight and obesity rarely 
return to normalcy in terms of their weight [5–7].

The prevalence of obesity increased from 18.0% in 2007 
to 21.2% in 2017 among Chinese adults aged 20–29 years 
[8]. Public health implication on the increasing trend in 
the prevalence and current high prevalence of obesity in 
young adults needed to be clarified. Kailuan cohort study 
used data form one China’s region and showed that the 
early onset of overweight was associated with higher 
risk of hypertension [9]. However, it is unclear regarding 
the impact of early onset of overweight and obesity on 
the risk of hypertension across China. To address these 
knowledge gaps, we assessed the association between the 
age at onset of overweight and obesity and hypertension 
using the China Health and Nutrition Survey (CHNS).

Methods
Study population
The CHNS is a continuous, nationwide, open cohort 
study [10]. It was designed to assess the impact of social 
and economic transformation in China on the health sta-
tus of the population. The first survey wave was launched 
in 1989, and subsequent surveys were conducted at 2- 
or 4-year intervals. Data on a total of 10 survey waves 
through 2015 are available. The study used a multistage, 
random-cluster method to capture the sample. The par-
ticipants were asked to complete a questionnaire and to 
undergo physical examinations during each of the sur-
vey waves. The details of the survey design, methods, 
and procedures have been described elsewhere [10]. All 
methods were carried out in accordance with the declara-
tion of Helsinki. This study was approved by the institu-
tional review boards of the University of North Carolina 

at Chapel Hill and the Institute of Nutrition and Health, 
Chinese Center for Disease Control and Prevention. All 
participants provided written informed consent before 
participating in the CHNS.

A total of 10,903 adult participants (≥ 18 years of age) 
who had complete and accurate data on sex, height, 
weight, and blood pressure (BP); who were free of disease 
(diabetes, myocardial infarction, apoplexy, bone fracture, 
asthma, and cancer) and pregnancy; and who agreed to 
complete at least three survey waves were eligible to par-
ticipate in the current study. To assess the association of 
new-onset overweight and obesity with the subsequent 
incidence of hypertension, 3,346 participants who had 
overweight and obesity or hypertension at the time of 
the first survey wave were excluded. Moreover, 857 par-
ticipants with an age at onset of overweight and obesity 
that was equal to or greater than the age at hypertension 
onset were also excluded. The final cohort comprised 
6,700 adult participants. We identified four noteworthy 
observations in the final cohort, as follows: (1) a total of 
6,700 adult participants were not classified as overweight 
or obese and did not have hypertension at the first sur-
vey wave; (2) the survey wave at which the participants 
had new-onset hypertension was considered as the final 
survey wave; (3) if participants did not have new-onset 
hypertension across any survey wave, the most recent 
survey wave was considered as the final survey wave; and 
(4) the age at onset of overweight and obesity was less 
than the age at onset of hypertension if participants had 
both new-onset overweight/obesity and hypertension 
(Figure S1).

Primary exposure
Portable stadiometers were used by trained examiners to 
measure the participants’ height without shoes, and cali-
brated beam scales were used to measure body weight 
in light clothing. Body mass index (BMI) was calculated 
as body weight in kilograms divided by height in meters 
squared. Overweight and obesity were defined as a BMI 
of ≥ 24 kg/m2 [11]. We identified the age at onset of over-
weight and obesity. The tertiles of onset age were calcu-
lated. The upper and lower tertile cut-offs were 47 and 
38 years, respectively. Consequently, participants were 
classified into four groups based on the age at onset of 
overweight/obesity. The four groups were those compris-
ing the non-overweight/non-obese population and those 
with onset ages of < 38 years, 38–47 years and ≥ 47 years.

Outcome assessment
Standard mercury sphygmomanometers were used by 
experienced physicians to measure BP three times on 
the right arm. The average of the three measurements 
was calculated and used for analysis. Hypertension was 
defined as a systolic BP (SBP)/diastolic BP (DBP) of 
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≥ 140/90 mmHg or self-reported use of antihypertensive 
medications [12].

Covariates
We used structured questionnaires to collect data about 
sex (male/female), age, Han ethnicity (yes/no), urban res-
idence (yes/no), completion of upper middle school edu-
cation and above (yes/no), marital status (never/ married/ 
divorced, separated or widowed), alcohol intake (yes/no), 
smoking (never/current/past) and household asset score 
[13]. “Have you ever smoked cigarettes (including hand-
rolled or device-rolled)?” and “Do you still smoke ciga-
rettes now?” were used in the structured questionnaires 
to define smoking status. “Last year, did you drink beer 
or any other alcoholic beverage?” was used to define alco-
hol intake status. The household asset score was calcu-
lated based on the number of assets, each of which (color 
TV, refrigerator, microwave oven, electrical cooking pot, 
air conditioner, electric fan, and camera) was worth 1 
point [13]. The length of follow-up was calculated as the 
number of years between the final and first survey years. 
Fat intake was assessed from three consecutive 24-hour 
dietary recalls and household food inventories using a 
Chinese food composition Table   [13]. Leisure physical 
activity was evaluated as the average number of hours per 
week spent engaged in the Martial arts, dancing, swim-
ming, jogging, running, and other leisure physical activi-
ties. We dichotomized leisure physical activity to having 
versus not having leisure physical activity. The mean and 
mode imputation method for continuous and categori-
cal variables was used respectively, for missing covariates 
except for sex and age, because the corresponding miss-
ing data were less.

Statistical analysis
Data are presented as the mean (standard deviation) and 
frequency (%) for continuous and categorical variables, 
respectively. Differences between groups were identified 
using the analysis of variance or the chi-square test.

We used linear and Poisson models with robust stan-
dard errors to examine the associations of the age at 
onset of overweight/obesity with BP and hypertension 
at the final survey, respectively, after adjusting for the 
length of follow-up, sex, and the characteristics reported 
in the final survey (age, Han ethnicity, urban residence, 
completion of upper middle school education and above, 
marital status, alcohol intake, smoking, household asset 
score, leisure physical activity, and fat intake) [14]. We 
estimated the standardized hypertension prevalence 
according to the groups classified by onset age, using 
the aforementioned covariate-adjusted Poisson model 
with a robust standard error. To assess the association 
between hypertension prevalence and the age at onset 
of overweight and obesity, we assigned values of 0, 1, 2 

and 3 to the four groups (non-overweight/non-obesity, 
onset at ≥ 47 years, onset at 38–47 years and onset at < 38 
years), respectively. Subsequently, we considered the age 
at onset of overweight and obesity as a continuous vari-
able and used the covariate-adjusted Poisson model with 
a robust standard error to calculate the relative risk (RR) 
and 95% confidence interval (CI).

To test the robustness of our findings, we performed 
a sensitivity analysis. First, we excluded 206 participants 
who had antihypertensive medications on final survey 
and repeated all analyses. Second, we excluded 86 par-
ticipants with new-onset obesity and repeated all analy-
ses. Third, we assessed the combined effects of ages at 
onset of overweight and obesity and corresponding 
weight status on final survey on the incidence of hyper-
tension. Fourth, we used waist circumference to define 
overweight and obesity (males: ≥85 cm; females: ≥80 cm) 
based on the Chinese criteria of weight for adults [15]. 
We calculated the tertiles of onset age at overweight and 
obesity defined by waist circumference. The upper and 
lower tertile cut-offs were 49 and 40 years, respectively. 
Participants were classified into four groups based on 
the age at onset of overweight/obesity. The four groups 
were those comprising the non-overweight/non-obese 
population and those with onset ages of < 40 years, 40–49 
years and ≥ 49 years. Fifth, we examined the association 
between lifetime overweight/obesity exposure in terms 
of overweight/obese-years and the risk of hypertension. 
As described previously [16], overweight/obese-years 
was calculated as the defined degree of overweight/obe-
sity [if the BMI < 24  kg/m2, the degree was zero; if the 
BMI ≥ 24 kg/m2, the degree was the BMI minus 23 kg/m2] 
multiplied by the defined duration of overweight/obe-
sity. Sixth, we analyzed the association of weight gain, as 
defined by BMI difference between the final and first sur-
vey years, and the length of overweight/obesity exposure 
with incident hypertension [16]. Seventh, the severity 
of hypertension was classified as grade 1, 2, or 3 via the 
2018 Chinese Guidelines for Prevention and Treatment 
of Hypertension [12]. Using the same guidelines, the pat-
tern of hypertension was classified as isolated systolic 
hypertension, isolated diastolic hypertension, or com-
bined systolic and diastolic hypertension [12]. We used 
the covariate-adjusted multinomial logit model to assess 
the association between the age at onset of overweight/
obesity and the severity and pattern of hypertension after 
excluding individuals taking antihypertensive medica-
tions. Eighth, we conducted a sensitivity analysis strati-
fied by sex.

We performed all analyses with SAS software version 
9.4 (SAS Institute, Cary, NC, USA). A two-tailed P value 
of < 0.05 was considered statistically significant.
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Results
A total of 6,700 adults were included in the study (48.4% 
were male; mean age at the first survey, 36.9 years; mean 
SBP and DBP at the first survey, 109.8 and 71.6 mmHg, 
respectively; mean BMI at the first survey, 20.6  kg/m2). 
There were 2,284 new-onset overweight and obesity 
cases and 2,268 incident cases of hypertension during 
an average 13.8-year follow-up period among 6700 par-
ticipants. The mean age at onset of overweight/obesity 
and hypertension was 43.6 and 54.9 years, respectively. 
The analysis cohort comprised 2,903 participants with-
out new-onset overweight/obesity and hypertension, 
1,529 participants with new-onset overweight/obesity 
and without new-onset hypertension, 1,513 participants 
without new-onset overweight/obesity and with new-
onset hypertension, and 755 participants with new-onset 
overweight/obesity and hypertension (Figure S1).

The characteristics on final survey of the groups classi-
fied as overweight and obesity onset age are summarized 
in Table 1. In general, individuals with early-onset over-
weight/obesity (onset age of < 38 years) were more likely 
to be men and to have a higher BMI in the final survey.

The association between the age at onset of overweight/
obesity and BP or hypertension is shown in Table 2. The 
participants with an age at onset of overweight/obesity 

of < 38 years, 38–47 years and ≥ 47 years had a higher 
SBP and DBP than those without overweight/obesity 
(Ps < 0.001). The standardized hypertension prevalence 
was 38.6%, 35.9%, 30.9% and 26.6% in participants with 
an overweight/obesity onset age of < 38 years, 38–47 
years and ≥ 47 years and without overweight/obesity, 
respectively. Individuals with an age at onset of over-
weight/obesity of < 38 years, 38–47 years and ≥ 47 years 
had a RR (95% CI) of 1.45 (1.28–1.65), 1.35 (1.21–1.52) 
and 1.16 (1.06–1.28), respectively, for hypertension com-
pared with those without overweight/obesity. The risk of 
hypertension increased linearly with a decrease in the age 
at onset of overweight/obesity (P < 0.001 for trend).

We excluded individuals taking antihypertensive medi-
cations and obtained similar results (Table S1). We also 
conducted sensitivity analyses after excluding the par-
ticipants with new-onset obesity. The results did not 
change substantially (Table S2). Additionally, to assess 
the effects of weight change on the incidence of hyper-
tension, we excluded 424 individuals with new-onset 
overweight and obesity on the final survey because the 
weight change data after new-onset overweight and 
obesity were unavailable for these participants. 75.5%, 
71.2% and 62.9% of the participants with an age at onset 
of overweight/obesity of < 38 years, 38–47 years and 

Table 1  Characteristics on final survey stratified by onset age of overweight and obesity
All participants Onset age of overweight and obesity

No overweight 
and obesity

< 38 years 38–47 years ≥ 47 years P

N 6700 4416 748 719 817

Male participants (%) 48.4 48.9 51.3 46.5 44.3 0.022

Age (years) 50.7 (13.6) 51.0 (14.6) 39.5 (7.2) 48.9 (5.9) 61.3 (8.3) < 0.001

Han Nationality (%) 85.9 85.2 89.4 87.2 85.3 0.013

Length of follow-up (years) 13.8 (6.5) 12.7 (6.5) 14.4 (5.7) 16.7 (5.7) 16.7 (5.9) < 0.001

Urban residence (%) 29.9 29.3 31.4 29.2 32.6 0.208

Completed Upper middle school and above (%) 23.5 23.0 29.1 26.7 18.2 < 0.001

Marital status (%) < 0.001

Never married 4.6 5.5 7.0 1.5 0.6

Married 85.7 83.5 91.2 94.9 84.7

Divorced/Separated/Widowed 9.6 11.0 1.9 3.6 14.7

Household asset score 3.7 (1.7) 3.5 (1.8) 4.2 (1.5) 4.3 (1.5) 3.9 (1.6) < 0.001

Drinking (%) 32.7 33.2 36.2 32.3 27.3 0.001

Smoking (%) < 0.001

Never 67.5 65.8 66.6 73.4 72.6

Past 2.5 2.5 2.1 1.8 3.7

Current 30.0 31.7 31.3 24.8 23.8

Leisure physical activity (%) 16.4 15.3 18.6 17.3 19.3 0.008

Fat intake (g/day) 70.9 (39.2) 69.9 (32.7) 72.8 (28.2) 73.4 (29.5) 72.7 (72.9) < 0.001

BMI (kg/m2) 22.3 (3.1) 20.8 (1.9) 25.8 (3.2) 25.3 (3.0) 24.8 (2.6) < 0.001

SBP (mm Hg) 123.7 (16.9) 122.9 (17.4) 122.0 (13.8) 124.4 (16.2) 129.0 (16.9) < 0.001

DBP (mm Hg) 80.0 (10.7) 79.2 (10.9) 81.6 (9.9) 81.8 (10.3) 81.2 (10.1) < 0.001

Hypertension (%) 33.9 34.3 28.7 31.3 38.6 < 0.001
BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure. Data were shown as means (SDs) and frequencies (%) for continuous and categorical 
variables, respectively. Differences were compared using the analysis of variance or chi-square test
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≥ 47 years remained to have overweight/obesity on final 
survey respectively (Table S3). The difference in the 
aforementioned prevalence was significant (P < 0.001). 
Compared with the participants with persistent normal 
weight, those with early-onset overweight/obesity (onset 
age < 38 years) as well as overweight/obesity on the final 
survey had a higher risk of hypertension; those who had 
early-onset overweight/obesity and returned to normalcy 
on the final survey had no higher risk (Table S3). More-
over, the sensitivity analyses results were similar to the 
main findings when using waist circumference to define 
overweight and obesity (Table 2 and S4). The mean over-
weight/obese-years were 0, 14.8, 10.6, 7.0 (kg/m2×year) 
for the non-overweight/non-obese individuals and 
those with overweight/obesity onset ages of < 38 years, 
38–47 years and ≥ 47 years, respectively (P < 0.001). We 
also found that overweight/obese-years was positively 
related to the risk of hypertension (Table S5). The weight 
gain or length of overweight/obesity exposure was sig-
nificantly associated with incident hypertension (Table 
S6). The length of exposure was also significantly cor-
related with incident hypertension after adjusting for 
weight gain (Table S6). The mean length of overweight/
obesity exposure was 0, 7.17, 6.19, 5.34 (years) for the 
non-overweight/non-obese individuals and those with 
overweight/obesity onset ages of < 38 years, 38–47 years, 
and ≥ 47 years, respectively (P < 0.001). Generally, we also 
observed that participants with early-onset overweight/
obesity were more likely to have hypertension, regardless 

of the hypertension pattern or severity (Table S7 and S8). 
The sensitivity analyses results stratified by sex did not 
change significantly (Table S9).

Discussion
In this study, we determined that participants who were 
classified as overweight or obese with an onset age of < 38 
years had a higher risk of hypertension relative to those 
who were not classified as overweight or obese. We also 
identified an increasing trend in future hypertension risk 
with a decrease in age at onset of overweight/obesity.

Our results are in line with those from a 1946 Brit-
ish birth cohort study, which found that participants 
who were described as overweight with early onset 
had a higher mean BP later in life than those who were 
described as late-onset overweight [17]. Similarly, a 1958 
British birth cohort study further showed that a high BMI 
and a high BMI gain at any life stage were related to an 
increase in BP in adulthood [18]. A previous study used 
data from patients with obesity who attended a weight 
management clinic to show that the onset of excess 
weight at a young age contributed to later extreme obe-
sity and a high SBP [19]. The Johns Hopkins Precursors 
Study showed that a higher BMI at the age of 25 years 
was associated with an increased risk of future hyperten-
sion [20]. Our findings were partly supported by previous 
studies, which have indicated that early-onset obesity is 
associated with a higher risk of type 2 diabetes, metabolic 
syndrome and major chronic diseases than late-onset 

Table 2  Association of overweight and obesity onset age with subsequent BP levels and hypertension
No overweight 
and obesity

< 38 years 38–47 years ≥ 47 
years

SBP

β (SE)* Ref 5.56 (0.64) 4.24 (0.64) 2.84 
(0.62)

P < 0.001 < 0.001 < 0.001

DBP

β (SE)* Ref 3.92 (0.43) 3.91 (0.43) 2.27 
(0.41)

P < 0.001 < 0.001 < 0.001

Hypertension

Prevalence (%)* 26.6 38.6 35.9 30.9

RR (95% CI)* Ref 1.45 (1.28, 1.65) 1.35 (1.21, 1.52) 1.16 
(1.06, 
1.28)

P < 0.001 < 0.001 0.002

Trend in hypertension **

RR (95% CI) * 1.14 (1.10, 1.18)

P for trend < 0.001
BP, blood pressure; CI, confidence interval; DBP, diastolic blood pressure; RR, risk ratio; SBP, systolic blood pressure; β, unstandardized regression coefficients. * 
Adjusted for the length of follow-up, sex, and age, drinking, smoking, Han nationality, urban residence, completed upper middle school and above, marital status, 
household asset score, leisure physical activity and fat intake on final survey. ** We assigned values of 0, 1, 2 and 3 to the four groups (non-overweight/non-obesity, 
onset at ≥ 47 years, onset at 38–47 years and onset at < 38 years), respectively. Subsequently, we considered the age at onset of overweight and obesity as a 
continuous variable and used the covariate-adjusted Poisson model with a robust standard error to assess the trend in prevalence
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obesity [21–24]. Based on the aforementioned evidence, 
early-onset obesity is considered as a public health chal-
lenge because it introduces hypertension and diabetes 
mellitus at a premature stage in life [25].

Recently, Kailuan cohort study reported that early 
age at onset of overweight was related to higher risk of 
hypertension, which was consistent with our study [9]. 
However, our study provided additional information. 
First, previous studies have only used BMI to assess the 
weight status [9, 17–20]; however, BMI is not a perfect 
measure of abdominal fat. The advantage of this study is 
the use of BMI and waist circumference to evaluate the 
age at onset of general and abdominal overweight/obe-
sity, respectively. The corresponding sensitivity analysis 
results were similar to our main analysis findings (Table 2 
and S4). Second, our study assessed the association of the 
age at onset of overweight/obesity and the correspond-
ing weight status in the final survey with the incidence of 
hypertension. Our results demonstrated that individu-
als with early-onset overweight/obesity tended to main-
tain overweight/obesity, and individuals with persistent 
overweight/obesity had a higher risk of hypertension 
than those with the persistent normal weight (Table S3). 
However, compared with the participants with persistent 
normal weight, those who had early-onset overweight/
obesity (onset age < 38 years) and returned to normalcy 
on the final survey, had no higher risk of hypertension 
(Table S3). Our findings underscored the importance 
of loss weight in the prevention of hypertension among 
participants with early-onset overweight/obesity. Third, 
this study determined that individuals with early-onset 
overweight/obesity had more lifetime overweight/obe-
sity exposure in terms of overweight/obese-years, which 
partly explains their higher risk of hypertension in com-
parison with individuals with late-onset overweight/
obesity (Table S5). Fourth, our study also revealed that 
the length of overweight/obesity exposure is more detri-
mental to incident hypertension given the limited extent 
of weight gain (mean and median: 2.69 and 2.18 kg/m2, 
respectively, for 4,986 individuals with increasing weight 
gain; Table S6), which partly explains our main findings 
given the longer duration of overweight/obesity exposure 
in participants with early-onset overweight/obesity. Fifth, 
we confirmed that participants with early-onset over-
weight/obesity were more likely to have hypertension, 
regardless of the pattern or severity (Table S7 and S8). 
Sixth, the sensitivity analyses results stratified by sex did 
not change significantly (Table S9).

Several potential mechanisms might explain our find-
ings. Early-onset overweight and obesity has a high 
cumulative effect or a longer duration of overweight and 
obesity, because individuals classified as overweight and 
obese tend to maintain their weight status [5, 6]. Previ-
ous studies have shown that an increase in the duration 

of overweight and obesity is associated with a higher 
risk of adverse health outcomes [5, 26]. Our study pro-
vides evidence to support the above-mentioned asser-
tion (Table S5 and S6). Additionally, a previous study has 
shown that a stronger genetic component predisposes 
to early-onset overweight and obesity [27]. Obesity and 
hypertension share common susceptibility genes, such as 
genes Jun proto-oncogene (JUN), and serine/threonine 
kinase 1 (AKT1) [28]. Moreover, overweight and obesity 
onset at different stages of life are associated with various 
types of health risk [5, 29]. Sensitive-period models have 
shown that exposures exerted the greatest effects during 
rapid development in humans [29]. Taken together, par-
ticipants with early-onset overweight/obesity were more 
likely to possess genes associated with cardiometabolic 
risk and have damage for long-term and critical period 
exposure, causing adverse metabolic profile, in compari-
son with participants with late-onset overweight/obesity.

Our study has several strengths, including its prospec-
tive cohort study design and rigorous data collection 
process. However, some limitations in this study should 
also be recognized. First, the age at onset of overweight/
obesity was assessed by objectively measuring weight and 
height during the survey waves. However, overweight/
obesity onset occurring prior to the survey wave may 
have affected our results. Second, some potential con-
founding variables (e.g. salt intake) were not adjusted. 
One noteworthy observation in our study was that the 
prevalence of hypertension was lower in participants 
with onset ages of < 38 years compared to those with the 
other three groups (Table 1), which might be affected by 
covariates. For example, the prevalence of hypertension 
increases with age [30]. Participants with onset ages of 
< 38 years were youngest than those with the other three 
groups (Table 1). Although we adjusted for some covari-
ates (e.g. age), other potential confounding variables (e.g. 
salt intake) might affect our findings. Third, there is no 
widely accepted definition of early-onset overweight/
obesity. Consequently, we used the upper and lower ter-
tiles as relevant cut-offs. Future studies are needed to 
address this issue. Finally, the generalizability of our find-
ings should be verified with caution, given that our study 
was carried out in the Chinese population. Future studies 
in other populations are needed to confirm our findings.

Conclusions
In summary, we determined that participants who were 
classified as overweight or obese with an onset age of 
< 38 years, 38–47 years, and ≥ 47 years had a higher risk 
of hypertension relative to those who were not classified 
as overweight or obese. We also identified an increasing 
trend in future hypertension risk with a decrease in age at 
onset of overweight/obesity. Our findings emphasize the 
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importance of assessing the age at onset of overweight 
and obesity to prevent hypertension.

Abbreviations
BMI	� body mass index
CHNS	� China Health and Nutrition Survey
SBP	� systolic blood pressure
DBP	� diastolic blood pressure

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12872-023-03347-z.

Additional file 1: supplement Figure S1, and Table S1-S9

Acknowledgements
We thank the National Institute for Nutrition and Health, China Center for 
Disease Control and Prevention, and the University of North Carolina at Chapel 
Hill to share China Health and Nutrition Survey (CHNS) data.

Author contributions
HF conceptualized and designed the study, carried out the initial analyses, 
drafted the initial manuscript and reviewed and revised the manuscript; XYZ 
critically reviewed and revised the manuscript; and all authors approved the 
final manuscript as submitted.

Funding
This work was supported by North Sichuan Medical College under Grant 
(number CBY18-QD02).

Data Availability
The datasets generated and/or analyzed during the current study are publicly 
available in the https://www.cpc.unc.edu/projects/china/data/datasets/
data-downloads-registration.

Declarations

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate
All methods were carried out in accordance with the declaration of Helsinki. 
This study was approved by the institutional review boards of the University of 
North Carolina at Chapel Hill and the Institute of Nutrition and Health, Chinese 
Center for Disease Control and Prevention. All participants provided written 
informed consent before participating in the CHNS.

Consent for publication
Not applicable.

Received: 14 July 2022 / Accepted: 13 June 2023

References
1.	 NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in hyperten-

sion prevalence and progress in treatment and control from 1990 to 2019: a 
pooled analysis of 1201 population-representative studies with 104 million 
participants. Lancet. 2021;398:957–80.

2.	 GBD 2016 Risk Factors Collaborators. Global, regional, and national compara-
tive risk assessment of 84 behavioural, environmental and occupational, and 
metabolic risks or clusters of risks, 1990–2016: a systematic analysis for the 
global burden of Disease Study 2016. Lancet. 2017;390:1345–422.

3.	 Leggio M, Lombardi M, Caldarone E, Severi P, D’Emidio S, Armeni M, et al. The 
relationship between obesity and hypertension: an updated comprehensive 
overview on vicious twins. Hypertens Res. 2017;40:947–63.

4.	 Hall JE, do Carmo JM, da Silva AA, Wang Z, Hall ME. Obesity-induced 
hypertension: interaction of neurohumoral and renal mechanisms. Circ Res. 
2015;116:991–1006.

5.	 Norris T, Cole TJ, Bann D, Hamer M, Hardy R, Li L, et al. Duration of obesity 
exposure between ages 10 and 40 years and its relationship with cardio-
metabolic disease risk factors: a cohort study. PLoS Med. 2020;17:e1003387.

6.	 Singh AS, Mulder C, Twisk JW, van Mechelen W, Chinapaw MJ. Tracking of 
childhood overweight into adulthood: a systematic review of the literature. 
Obes Rev. 2008;9:474–88.

7.	 Tanamas SK, Wong E, Backholer K, Abdullah A, Wolfe R, Barendregt J, et al. 
Age of onset of obesity and risk of type 2 diabetes. Aust N Z J Public Health. 
2016;40:579–81.

8.	 Li Y, Teng D, Shi X, et al. Changes in the prevalence of obesity and hyperten-
sion and demographic risk factor profiles in China over 10 years: two national 
cross-sectional surveys. Lancet Reg Health West Pac. 2021;15:100227.

9.	 Li W, Fang W, Huang Z, Wang X, Cai Z, Chen G, et al. Association between 
age at onset of overweight and risk of hypertension across adulthood. Heart. 
2022;108:683–8.

10.	 Popkin BM, Du S, Zhai F, Zhang B. Cohort Profile: the China Health and Nutri-
tion Survey–monitoring and understanding socio-economic and health 
change in China, 1989–2011. Int J Epidemiol. 2010;39:1435–40.

11.	 WHO Expert Consultation. Appropriate body-mass index for asian popula-
tions and its implications for policy and intervention strategies. Lancet. 
2004;363:157–63.

12.	 Joint Committee for Guideline Revision. 2018 Chinese Guidelines for Preven-
tion and Treatment of Hypertension-A report of the Revision Committee of 
Chinese Guidelines for Prevention and Treatment of Hypertension. J Geriatr 
Cardiol 2019; 16:182–241.

13.	 Wang Y, Howard AG, Adair LS, Wang H, Avery CL, Gordon-Larsen P. Waist Cir-
cumference Change is Associated with blood pressure change Independent 
of BMI change. Obes (Silver Spring). 2020;28:146–53.

14.	 Zou G. A modified poisson regression approach to prospective studies with 
binary data. Am J Epidemiol. 2004;159:702–6.

15.	 National Health Commission of the People’s Republic of China. http://
www.nhc.gov.cn/ewebeditor/uploadfile/2013/08/20130808135715967.pdf 
Accessed January 10, 2022.

16.	 Abdullah A, Wolfe R, Mannan H, Stoelwinder JU, Stevenson C, Peeters A. 
Epidemiologic merit of obese-years, the combination of degree and duration 
of obesity. Am J Epidemiol. 2012;176:99–107.

17.	 Wills AK, Hardy RJ, Black S, Kuh DJ. Trajectories of overweight and body mass 
index in adulthood and blood pressure at age 53: the 1946 british birth 
cohort study. J Hypertens. 2010;28:679–86.

18.	 Li L, Law C, Power C. Body mass index throughout the life-course and blood 
pressure in mid-adult life: a birth cohort study. J Hypertens. 2007;25:1215–23.

19.	 O’Connell J, Kieran P, Gorman K, Ahern T, Cawood TJ, O’Shea D. BMI > or = 50 
kg/m2 is associated with a younger age of onset of overweight and a high 
prevalence of adverse metabolic profiles. Public Health Nutr. 2010;13:1090–8.

20.	 Shihab HM, Meoni LA, Chu AY, Wang NY, Ford DE, Liang KY, et al. Body mass 
index and risk of incident hypertension over the life course: the Johns Hop-
kins Precursors Study. Circulation. 2012;126:2983–9.

21.	 de Mutsert R, Sun Q, Willett WC, Hu FB, van Dam RM. Overweight in early 
adulthood, adult weight change, and risk of type 2 diabetes, cardiovascu-
lar diseases, and certain cancers in men: a cohort study. Am J Epidemiol. 
2014;179:1353–65.

22.	 Brancati FL, Wang NY, Mead LA, Liang KY, Klag MJ. Body weight patterns from 
20 to 49 years of age and subsequent risk for diabetes mellitus: the Johns 
Hopkins Precursors Study. Arch Intern Med. 1999;159:957–63.

23.	 Luo J, Hodge A, Hendryx M, Byles JE. Age of obesity onset, cumulative obe-
sity exposure over early adulthood and risk of type 2 diabetes. Diabetologia. 
2020;63:519–27.

24.	 The NS, Richardson AS, Gordon-Larsen P. Timing and duration of obesity in 
relation to diabetes: findings from an ethnically diverse, nationally represen-
tative sample. Diabetes Care. 2013;36:865–72.

25.	 Becker RC. Early-onset obesity and the unwanted promise of thrombosis. J 
Thromb Thrombolysis. 2011;32:125–8.

26.	 Hu Y, Bhupathiraju SN, de Koning L, Hu FB. Duration of obesity and over-
weight and risk of type 2 diabetes among US women. Obes (Silver Spring). 
2014;22:2267–73.

http://dx.doi.org/10.1186/s12872-023-03347-z
http://dx.doi.org/10.1186/s12872-023-03347-z
https://www.cpc.unc.edu/projects/china/data/datasets/data-downloads-registration
https://www.cpc.unc.edu/projects/china/data/datasets/data-downloads-registration
http://www.nhc.gov.cn/ewebeditor/uploadfile/2013/08/20130808135715967.pdf
http://www.nhc.gov.cn/ewebeditor/uploadfile/2013/08/20130808135715967.pdf


Page 8 of 8Fan and Zhang BMC Cardiovascular Disorders          (2023) 23:333 

27.	 Choquet H, Meyre D. Genomic insights into early-onset obesity. Genome 
Med. 2010;2:36.

28.	 Su LN, Wang YB, Wnag CG, Wei HP. Network analysis identifies common 
genes associated with obesity in six obesity-related diseases. J Zhejiang Univ 
Sci B. 2017;18:727–32.

29.	 Power C, Kuh D, Morton S. From developmental origins of adult disease to 
life course research on adult disease and aging: insights from birth cohort 
studies. Annu Rev Public Health. 2013;34:7–28.

30.	 Sun Z. Aging, arterial stiffness, and hypertension. Hypertension. 
2015;65:252–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Association between the age at onset of overweight and obesity and the subsequent risk of hypertension in Chinese adults
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Primary exposure
	﻿Outcome assessment
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


