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Relations of body weight status in early adulthood and
weight changes until middle age with hypertension in
the Chinese population

Long Zhou1, Ying Li1, Min Guo1, Yangfeng Wu2 and Liancheng Zhao1

We conducted a retrospective cohort study of adult participants from the China Multicenter Collaborative Study of Cardiovascular

Epidemiology to explore the relationship between early adulthood weight status, body weight change from age 25 to middle age

and hypertension in the Chinese population. Self-reported weight was used to calculate the body mass index (BMI) at age 25.

The association between BMI at age 25, subsequent weight change and hypertension was examined using a logistic regression

model. Of the 14 635 study participants sampled in 1998, 3525 were diagnosed with hypertension. After adjusting for age,

sex and other potential confounding factors, both the BMI at age 25 and weight gain were positively associated with the risk of

hypertension (P for trend o0.001). Weight loss could more effectively reduce the risk of hypertension for participants with a

higher BMI (BMI⩾24 kg m−2) at age 25 than for those who experienced a weight change of −2.5–2.5 kg. The odds ratio (OR)

and 95% confidence interval (CI) for a weight change of −7.5 to −2.6 kg were 0.63 (0.46–0.86); for a weight change of

o−7.5 kg, these statistics were 0.45 (0.32–0.63). For participants who had a lower BMI (18.5–20.9 kg m−2) at age 25,

the OR and 95% CI were 0.86 (0.58–1.26) for a weight change of −7.5 to −2.6 kg and 0.95 (0.44–2.05) for a weight change

of o−7.5 kg. Being overweight and obesity in early adulthood and adult weight gain were both independently associated with

marked increase in the risk of hypertension in middle-aged men and women. Weight loss may be a protective factor against

hypertension for people who were overweight or obese in early adulthood.
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INTRODUCTION

In recent decades, the prevalence of overweight and obesity has
continued to rise across the globe.1 Hypertension is common in
people who are overweight or obese,2,3 and it is a major risk factor for
cardiovascular diseases such as stroke and coronary heart disease.4,5

Large population studies have shown that obesity is associated with
hypertension6–9 and is an important contributor to the great burden of
hypertension in men and women.10–12 Additional findings based on
Western or Japanese populations showed that overweight or obesity in
early adulthood and weight gain are positively correlated with the risk
of hypertension in middle age.13,14 In the Chinese population,
however, the long-term effects of body weight changes and body
weight status in early adulthood on the risk of hypertension have
not been well documented. This study evaluated cross-sectional
survey data from the China Multicenter Collaborative Study of
Cardiovascular Epidemiology to explore the relationship between
body weight status in early adulthood and subsequent weight changes
and hypertension in middle age.

METHODS

Study populations
The participants were from the China Multicenter Collaborative Study of
Cardiovascular Epidemiology, which was originally designed as a cross-sectional
multicenter comparison of cardiovascular disease risk factors and later evolved
into a comprehensive epidemiological study. The cross-sectional survey
conducted in 1998 included 15 population samples, of which 9 were from
rural residential areas and 6 from urban areas. These populations were selected
on the basis of the main population characteristics, such as socioeconomic
status and geographical location. Approximately one thousand participants with
an age range of 35–59 years, of whom half were men and half women, were
included as a random cluster sample (all eligible participants in randomly
selected rural or urban areas, the latter including city blocks and factories) from
each of the populations and were surveyed for risk factors of cardiovascular
disease. Further details about the study populations have been reported
elsewhere.15,16 All participants signed consent forms.

Data collection
The demographic information, lifestyle risk factors and personal medical
history were collected through a standardized questionnaire that also asked
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participants to recall their body weight at age 25. The schematic flow of this
study is displayed in Figure 1. All staff involved in administering the survey
were trained and certified in advance of the survey according to a uniform
protocol and operation manual. In addition to the survey items, body weight,
height and blood pressure (BP) were measured. Height was measured to
the nearest centimeter using a vertical ruler, and weight was measured to
the nearest kilogram with a spring balance. When they were weighed,
all participants were required to wear light clothing and no shoes. BP
measurements were performed while participants were seated in a quiet room
with their legs uncrossed and elbow and forearm resting comfortably on the
armrest of the BP measurement chair (or table), with their palms turned
upward. The area to which the cuff was applied was free of clothing. Subjects
did not eat, smoke, drink alcohol or perform strenuous exercise for half an
hour before the BP measurement. BP was measured three times on the right
arm. Systolic blood pressure (SBP) was based on the first Korotkoff phase, and
diastolic blood pressure (DBP) was based on the fifth Korotkoff phase. The
mean of the three measurements was used for the analysis. The body mass
index (BMI) at age 25 was calculated as the remembered weight at age 25
(in kilograms) divided by the square of the height (in meters). Hypertension
was defined as SBP⩾ 140 mm Hg and/or DBP⩾ 90 mm Hg or reported
treatment with antihypertensive medications in the past 2 weeks.

Statistical analysis
All data were entered twice into the computers by trained staff at local centers
and were then sent to the coordinating center of the Department of
Epidemiology, Fuwai Hospital for final processing and analysis. During the
analysis, the BMI at age 25 was categorized as underweight (o18.5 kg m− 2),
normal weight (18.5–23.9 kg m− 2), overweight (24–27.9 kg m− 2) and obesity
(⩾28 kg m− 2) based on the Working Group on Obesity in China guidelines.17

To maintain the generalizability of the current analysis, we also categorized the
BMI based on the World Health Organization cutoff criteria.18 Weight change
was calculated as the difference between the measured weight in 1998 and the
recalled weight at age 25 and was grouped into six categories (o− 7.5 kg;
− 7.5 to − 2.6 kg; − 2.5–2.5 kg; 2.6–7.5 kg; 7.6–12.5 kg and 412.5 kg); the
− 2.5–2.5 kg group was defined as stable weight. We calculated the mean values
and proportions with a one-way analysis of variance for continuous variables
and with χ2-tests for categorical variables. In addition, multivariate non-
conditional logistic regression models were used to assess the associations
between BMI and weight change categories and the risk of hypertension in
middle-aged adults. To test for trends, we calculated the median values of BMI
at 25 years of age and weight change within each category and then modeled
these median values as a continuous variable in all models. Potential covariates,
such as age, sex, urbanization, education level, cigarette use, alcohol consump-
tion and family history of hypertension, were included in the multivariate

models. In a separate analysis, we mutually adjusted for BMI at age 25 and
adult weight change as a continuous variable to examine their independent
contributions. A two-tailed P-value o0.05 was considered statistically
significant. All analyses were performed using SAS version 9.4 (SAS Institute,
Cary, NC, USA).

RESULTS

A total of 15 573 participants were included in this study, representing
a response rate of 85.1%. Nine hundred and thirty-eight participants
were excluded, including 935 who could not provide the recalled body
weight data at age 25 and 3 whose body weight had not been measured
in 1998. In the present analysis, 14 635 participants remained,
including 7016 men and 7619 women. Participants had a mean age
of 46.7 years, a mean BMI at age 25 of 21.6 kg m− 2 and a mean
subsequent weight change of +5.7 kg. The baseline characteristics of
the study population (in 1998) according to BMI at age 25 are shown
in Table 1, in which they are categorized according to the Chinese
cutoff. The SBP and DBP levels in middle-aged participants were
positively associated with BMI at age 25. The mean SBP values ranged
from 119.3 mmHg for the underweight group to 133.6 mmHg for the
obese group, and the mean DBP values ranged from 76.3 mmHg to
82.5 mmHg. In addition, significant differences were found between
the BMI at age 25 groups in terms of age, sex, urbanization, education
level, cigarette use, alcohol consumption and family history of
hypertension (all P-values o0.001). We also displayed the baseline
characteristics of the study population according to the World Health
Organization BMI categories in Table 2; the characteristics of each
BMI group were similar to those of the groups categorized according
to the Chinese BMI cutoff values.
Table 3 shows the baseline characteristics of the study population

(in 1998) according to the weight change categories. Participants who
had greater weight gain were more likely to be urban residents, have
higher education levels and have a family history of hypertension, but
they were less likely to be smokers than those who had moderate
weight gain or weight loss. More importantly, both SBP and DBP
significantly increased with weight gain from age 25 years to middle
age (P for trend o0.001).
Table 4 shows the prevalence and odds ratios (ORs) of hypertension

according to BMI at age 25. The prevalence of hypertension for the
four BMI categories was 18.0%, 23.4%, 30.3% and 46.0%. In an age-
and sex-adjusted analysis (Model 1), BMI at age 25 was significantly
associated with the risk of hypertension in middle age. The ORs (95%
confidence interval (CI)) for the underweight group, the overweight
group and the obesity group relative to the normal weight group were
0.80 (0.69–0.93), 1.38 (1.24–1.54) and 2.63 (1.86–3.74), respectively
(P for trend o0.001). This association did not change after adjusting
for urbanization, education, cigarette use, alcohol consumption and
family history of hypertension (Model 2). The association also
remained unchanged after further adjusting for weight change as a
continuous variable (Model 3). The relationship holds true when using
the World Health Organization cutoff categorization of BMI at age 25.
Table 5 shows the prevalence and ORs of hypertension based on the

weight change categories. The prevalence of hypertension for the six
weight change categories of o− 7.5 kg; − 7.5 to − 2.6 kg; − 2.5 to
2.5 kg; 2.6 to 7.5 kg; 7.6 to 12.5 kg and 412.5 kg was 16.0%, 15.0%,
15.4%, 21.0%, 27.1% and 40.0%, respectively. In an age- and sex-
adjusted analysis (Model 1) and multivariate-adjusted analysis (Model
2), weight gain of 2.6 kg or more during adulthood was associated
with a higher risk of hypertension than that of the stable weight group.
However, weight loss was not significantly associated with risk of
hypertension in Model 1 and Model 2. In addition, we adjusted forFigure 1 Schematic flow of this retrospective cohort study.
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BMI at age 25 as a continuous variable in Model 3, and the trend was
consistent with the trends exhibited in Model 1 and Model 2. In
addition, the ORs (95% CI) for the two weight loss groups (−7.5 to
− 2.6 kg and o− 7.5 kg) were 0.77 (0.65–0.91) and 0.58 (0.47–0.72),
respectively, indicating that weight loss during adulthood was
associated with a lower risk of hypertension.
We also present the results stratified by baseline age (Figure 2a

and b). The associations between BMI at age 25 and adult weight
change, and risk of hypertension were consistent across the age groups
(all P-values for trend o0.001).
We stratified the association between weight change and hyper-

tension by BMI at age 25 (Table 6). We found that weight gain of
2.6–7.5 kg in the normal weight groups (BMI 18.5–20.9 and
21–23.9 kg m− 2) and weight gain of more than 7.5 kg in each group
were consistently associated with a higher risk of hypertension.
We also found that among normal weight participants with BMI

21–23.9 kg m− 2 at age 25, weight loss of 7.5 kg or more reduced
the risk of hypertension. For overweight or obese participants
(BMI⩾ 24 kg m− 2), weight loss of 2.6 kg or more significantly
reduced the risk of hypertension. Specifically, the ORs (95% CI) for
weight loss of 2.6 to 7.5 kg and 47.5 kg were 0.63 (0.46–0.86) and
0.45 (0.32–0.63), respectively. Notably, however, weight loss was not
significantly associated with the risk of hypertension for participants
with BMIo21 kg m− 2 at age 25.

DISCUSSION

In this large-scale population study, we found that being overweight or
obese at age 25 and weight gain were significantly associated with
increased risk of hypertension in middle-aged Chinese men and
women. Even moderate weight gain from early adulthood to middle
age was associated with a higher risk of hypertension. These findings
are consistent with the results of The Nurses’ Health Study, which

Table 1 Characteristics of participants (n=14 635) by Chinese categories of BMI at 25 years of age

BMI at age 25 yearsa (kg m−2)

o18.5 18.5~23.9 24~27.9 ⩾28 P-value

No. of participants 1391 10 953 2152 139

Age (years) 45.6±7.2 46.6±7.1 47.8±7.0 48.8±7.8 o0.001

Men (%) 460 (33.1) 5654 (51.6) 848 (39.4) 54 (38.9) o0.001

Urban (%) 824 (59.2) 4563 (41.7) 637 (29.6) 44 (31.7) o0.001

Education o0.001

Primary school or below (%) 352 (25.3) 3763 (34.4) 1013 (47.1) 63 (45.3)

Junior high school (%) 456 (32.8) 3643 (33.3) 706 (32.8) 48 (34.5)

High school or equivalent (%) 434 (31.2) 2552 (23.3) 340 (15.8) 21 (15.1)

At least some college (%) 149 (10.7) 995 (9.1) 93 (4.3) 7 (5.0)

Current smokers (%) 273 (19.6) 3592 (32.8) 586 (27.2) 46 (33.1) o0.001

Current alcohol drinkers (%) 258 (18.6) 3112 (28.4) 511 (23.8) 37 (26.6) o0.001

Family history of hypertension (%) 592 (42.6) 4126 (37.7) 783 (36.4) 67 (48.2) o0.001

Systolic blood pressure (mm Hg) 119.3±18.8 122.7±19.2 125.9±21.1 133.6±22.6 o0.001

Diastolic blood pressure (mm Hg) 76.3±11.2 78.4±11.7 79.8±12.5 82.5±12.9 o0.001

Abbreviation: BMI, body mass index.
aWeight (kg)/height (m)2. Calculated using weight at age 25 years as recalled at the study baseline and height as measured at the study baseline.

Table 2 Characteristics of participants (n=14 635) by WHO categories of BMI at 25 years of age

BMI at age 25 yearsa (kg m−2)

o18.5 18.5~24.9 25~29.9 ⩾30 P-value

No. of participants 1391 12 013 1202 29

Age (years) 45.6±7.2 46.7±7.1 48.1±7.1 47.4±7.4 o0.001

Men (%) 460 (33.1) 6087 (50.7) 457 (38.0) 12 (41.4) o0.001

Urban (%) 824 (59.2) 4864 (40.5) 368 (30.6) 12 (41.4) o0.001

Education o0.001

Primary school or below (%) 352 (25.3) 4246 (35.4) 581 (48.3) 12 (41.4)

Junior high school (%) 456 (32.8) 3993 (33.2) 393 (32.7) 11 (37.9)

High school or equivalent (%) 434 (31.2) 2727 (22.7) 180 (15.0) 6 (20.7)

At least some college (%) 149 (10.7) 1047 (8.7) 48 (4.0) 0 (0.0)

Current smokers (%) 273 (19.6) 3894 (32.4) 318 (26.5) 12 (41.4) o0.001

Current alcohol drinkers (%) 258 (18.6) 3379 (28.1) 277 (23.0) 4 (13.8) o0.001

Family history of hypertension (%) 592 (42.6) 4499 (37.5) 462 (38.4) 15 (51.7) o0.001

Systolic blood pressure (mm Hg) 119.3±18.8 122.8±19.2 128.2±22.2 131.4±18.3 o0.001

Diastolic blood pressure (mm Hg) 76.3±11.2 78.4±11.7 81.0±13.1 80.5±11.1 o0.001

Abbreviations: BMI, body mass index; WHO, World Health Organization.
aWeight (kg)/height (m)2. Calculated using weight at age 25 years as recalled at the study baseline and height as measured at the study baseline.
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Table 3 Characteristics of participants (n=14 635) by categories of weight change since 25 years of age

Weight change since 25 years of age (kg)

o−7.5 −7.5~ −2.6 −2.5~2.5 2.6~7.5 7.6~12.5 412.5 P-value

No. of participants 963 2025 2737 2942 2787 3181

Age (years) 48.5±7.1 47.0±7.3 46.0±7.3 45.9±7.1 46.5±6.9 47.3±6.9 0.404

Men (%) 500 (51.9) 1027 (50.7) 1357 (49.6) 1287 (43.8) 1265 (45.4) 1580 (49.7) o0.001

Urban (%) 170 (17.7) 418 (20.6) 930 (34.0) 1343 (45.7) 1445 (51.9) 1762 (55.4) o0.001

Education o0.001

Primary school or below (%) 537 (55.8) 1031 (50.9) 1072 (39.2) 955 (32.5) 768 (27.6) 828 (26.0)

Junior high school (%) 277 (28.8) 606 (29.9) 894 (32.7) 972 (33.0) 958 (34.4) 1146 (36.0)

High school or equivalent (%) 118 (12.3) 306 (15.1) 579 (21.2) 762 (25.9) 741 (26.6) 841 (26.4)

At least some college (%) 31 (3.2) 82 (4.1) 192 (7.0) 253 (8.6) 320 (11.5) 366 (11.5)

Current smokers (%) 390 (40.5) 759 (37.5) 919 (33.6) 792 (26.9) 773 (27.7) 864 (27.2) o0.001

Current alcohol drinkers (%) 282 (29.3) 564 (27.9) 736 (26.9) 734 (25.0) 719 (25.8) 883 (27.8) 0.032

Family history of hypertension (%) 246 (25.6) 554 (27.4) 856 (31.3) 1139 (38.7) 1220 (43.8) 1553 (48.8) o0.001

Systolic blood pressure (mm Hg) 119.0±19.7 118.9±18.2 119.4±18.4 121.5±18.6 124.4±19.1 129.8±20.0 o0.001

Diastolic blood pressure (mm Hg) 74.4±11.5 74.2±10.8 75.6±10.8 77.5±10.8 80.1±11.4 84.3±12.0 o0.001

Table 4 Odds ratios of hypertension by categories of BMI at 25 years of age (N=14 635)

OR (95% CI)

BMI category No. of cases (%) Model 1a Model 2b Model 3c

Chinese criterion
o18.5 250 (18.0) 0.80 (0.69–0.93) 0.76 (0.66–0.89) 0.53 (0.46–0.63)

18.5–23.9 2558 (23.4) 1.00 (reference) 1.00 (reference) 1.00 (reference)

24–27.9 653 (30.3) 1.38 (1.24–1.54) 1.42 (1.27–1.58) 2.06 (1.83–2.31)

⩾28 64 (46.0) 2.63 (1.86–3.74) 2.5 (1.75–3.57) 4.97 (3.43–7.21)

P for trendd o0.001 o0.001 o0.001

WHO criterion
o18.5 250 (18.0) 0.79 (0.69–0.92) 0.75 (0.65–0.88) 0.52 (0.44–0.61)

18.5–24.9 2838 (23.6) 1.00 (reference) 1.00 (reference) 1.00 (reference)

25–29.9 424 (35.3) 1.71 (1.50–1.94) 1.73 (1.51–1.98) 2.66 (2.31–3.07)

⩾30 13 (44.8) 2.72 (1.27–5.84) 2.62 (1.21–5.66) 5.75 (2.61–12.66)

P for trendd o0.001 o0.001 o0.001

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; WHO, World Health Organization.
aModel 1 adjusted for age and sex.
bModel 2 additionally adjusted for urbanization (urban or rural), education level (primary school or below, junior high school, high school or equivalent or at least some college), smoking status
(current smoker or not), drinking status (current drinker or not) and family history of hypertension.
cModel 3 additionally adjusted for weight change between the age of 25 and the study baseline (1998) as a continuous variable.
dTrend of linearity over BMI categories was tested by modeling the median values of BMI of each category as a continuous variable in logistic regression model.

Table 5 Odds ratios of hypertension by weight change since 25 years of age (N=14 635)

OR (95% CI)

Weight change No. of cases (%) Model 1a Model 2b Model 3c

o−7.5 154 (16.0) 0.87 (0.70–1.06) 0.85 (0.69–1.05) 0.58 (0.47–0.72)

−7.5 to −2.6 303 (15.0) 0.89 (0.75–1.04) 0.89 (0.75–1.05) 0.77 (0.65–0.91)

−2.5 to 2.5 422 (15.4) 1.00 (reference) 1.00 (reference) 1.00 (reference)

2.6 to 7.5 617 (21.0) 1.53 (1.33–1.76) 1.50 (1.30–1.73) 1.66 (1.43–1.91)

7.6 to 12.5 756 (27.1) 2.09 (1.82–2.40) 2.00 (1.74–2.30) 2.35 (2.03–2.71)

412.5 1273 (40.0) 3.63 (3.19–4.13) 3.40 (2.98–3.88) 4.36 (3.80–5.01)

P for trendd o0.001 o0.001 o0.001

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.
aModel 1 adjusted for age and sex.
bModel 2 additionally adjusted for urbanization (urban or rural), education level (primary school or below, junior high school, high school or equivalent or at least some college), smoking status
(current smoker or not), drinking status (current drinker or not) and family history of hypertension.
cModel 3 additionally adjusted for BMI at 25 years of age as a continuous variable.
dTrend of linearity over weight change categories was tested by modeling the median values of weight change of each category as a continuous variable in logistic regression model.
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reported that higher BMI at age 18 was associated with an increased
risk of hypertension later in life after controlling for age, subsequent
weight change and other covariates. Weight gain since age 18 was also
associated with a significantly higher risk of hypertension.13 Similarly,
Lee et al.14 reported that long-term weight gain increased the risk of
developing hypertension independent of age and BP level in Japanese
males and females; the ORs (95% CI) were 2.48 (1.54–4.00) for males
and 2.19 (1.24–3.87) for females.
In the present study, even moderate weight gain (2.5 to 7.6 kg) was

associated with a higher risk of hypertension in middle age (OR, 1.66;
95% CI, 1.43 to 1.91). This result was consistent with the findings of
The Nurses’ Health Study, which showed that women who gained
2.1 to 4.9 kg had a 29% increase in risk of hypertension, and women

who gained 5.0–9.9 kg had a 74% increase in risk of hypertension.13

Kuwahara et al.19 conducted a long-term follow-up study in a Japanese
community and found that steeper increases in BMI during childhood
correlate with BP elevation in adolescence.19 Weight gain since early
life has been attributed to the accumulation of subcutaneous and
visceral fat.20 Possible mechanisms linking obesity to hypertension
include the association of overweight and obesity with adipose
tissue dysfunction, which is characterized by enlarged hypertrophied
adipocytes, increased macrophage infiltration, and higher secretion of
adipokines and free fatty acids. These factors result in chronic vascular
inflammation, oxidative stress, activation of the renin–angiotensin–
aldosterone system and sympathetic overdrive, which eventually lead
to hypertension.21–23

Given the wide range of participants’ ages (35–59 years), the time
between age 25 and the baseline survey varied greatly. Therefore, we
stratified participants by age (Figure 2a and b). Notably, a positive
association between BMI at age 25 and the risk of hypertension was
found in all age groups (all P-values for trend o0.001), indicating that
the association between weight change and hypertension remained
regardless of the time between age 25 and the baseline survey.
In a stratified analysis by BMI at age 25 category, we found that

weight gain of 2.6–7.5 kg increased the risk of hypertension for normal
weight participants and weight gain of more than 7.5 kg increased the
risk of hypertension in each BMI group. These findings indicate that
weight gain during adulthood increased the risk of hypertension in
middle age regardless of BMI at age 25. In addition, weight loss (even
moderate weight loss) could reduce the risk of hypertension for
participants who were overweight or obese at age 25. For participants
with higher normal weight, weight loss reduced the risk of hyperten-
sion only when it was 47.5 kg. By contrast, for participants who were
underweight or had a lower normal weight, weight loss did not reduce
the risk of hypertension in this study. One possible explanation is that
weight loss in participants with a lower BMI may experience a
disproportionate reduction of lean mass relative to fat mass.
Our study has several strengths. First, in this retrospective cohort

design, we enrolled a large population-based sample, including male
and female participants from China. Second, to the best of our
knowledge, this is the first study focusing on the relationship between
overweight or obesity in early adulthood and long-term adult weight
change and hypertension in the Chinese population.
Our study also has several potential limitations. First, our analyses

relied on self-reported and recalled weight at 25 years of age instead of
measured values. Although some validation studies in other cohorts
have shown that self-reported weights are highly correlated with

Figure 2 Odds ratios for hypertension according to BMI at age 25 and
weight change since age 25 in each age group (years). Both a and b were
adjusted for age, sex, urbanization, education level, smoking status, drinking
status and family history of hypertension. a was additionally adjusted for
weight change as a continuous variable and b was additionally adjusted for
BMI at age 25 as a continuous variable. BMI, body mass index.

Table 6 Stratified analysis of relationship between weight change and hypertension by BMI at 25 years (N=14 635)

BMI at 25 years, kg m−2

o18.5 18.5–20.9 21–23.9 ⩾24

Weight change, kg Cases (%) OR (95% CI) Cases (%) OR (95% CI) Cases (%) OR (95% CI) Cases (%) OR (95% CI)

o−7.5 — — 9 (14.3) 0.95 (0.44–2.05) 51 (12.1) 0.67 (0.48–0.95) 94 (19.6) 0.45 (0.32–0.63)

−7.5~−2.6 1 (4.0) 0.31 (0.04–2.54) 45 (11.7) 0.86 (0.58–1.26) 142 (13.3) 0.87 (0.68–1.11) 115 (21.0) 0.63 (0.46–0.86)

−2.5~2.5 12 (7.0) 1.00 (reference) 96 (11.0) 1.00 (reference) 184 (14.7) 1.00 (reference) 130 (29.8) 1.00 (reference)

2.6~7.5 27 (9.1) 1.35 (0.65–2.83) 189 (16.7) 1.73 (1.31–2.27) 288 (23.9) 1.82 (1.47–2.25) 113 (36.1) 1.31 (0.94–1.81)

7.6~12.5 49 (14.0) 2.28 (1.14–4.56) 242 (21.5) 2.08 (1.59–2.73) 341 (32.4) 2.71 (2.19–3.35) 124 (47.5) 2.24 (1.60–3.15)

412.5 161 (29.4) 4.71 (2.46–9.01) 491 (36.4) 4.11 (3.19–5.30) 480 (46.5) 5.02 (4.08–6.18) 141 (55.7) 3.06 (2.17–4.32)

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.
OR adjusted for age, sex, urbanization, education level, smoking status, drinking status, family history of hypertension and BMI at 25 years of age as a continuous variable.
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measured weights,24,25 a previous study suggested that there is a
systematic tendency for heavy persons to underestimate their weight
and, conversely, for thin persons to overestimate their weight.26 The
weight at age 25 and BMI at the time of the survey results in our study
could be affected by the 'regression to the mean' phenomenon. Thus,
the relationship between overweight or obesity in early adulthood and
the risk of hypertension could be underestimated. However, the
relationship between weight gain and risk of hypertension may be
overestimated. Second, BP was measured three times on a single
occasion in our study, which might affect the accuracy of the diagnosis
of hypertension. Third, given that end-digit preference is common
in BP measurements and may directly influence the diagnosis of
hypertension,27 we analyzed the frequency of end-digit preference and
found a mild ‘0’ preference in both the SBP and DBP measurements.
The percentages of ‘0’ preference were 27.5% for the SBP
measurement and 28.5% for the DBP measurement, which deviated
by 7.5% and 8.5%, respectively, from the expected 20%. Although,
according to Ataman et al.,28 the frequency of the terminal number
should not deviate by more than 5% from the expected 20%, the ‘0’
preference in our study is much lower than in other large-scale
population studies.27,29 Finally, we did not collect reasons for weight
change during adulthood; as a result, the relationship between weight
change, and weight loss in particular, and hypertension cannot be
further explained.
In summary, overweight and obesity in early adulthood and adult

weight gain were both independently associated with marked increase
in the risk of hypertension in the middle-aged Chinese men and
women. Long-term weight loss could reduce the risk of hypertension
for people with a higher BMI in early adulthood, but it did not reduce
the risk of hypertension for people who were underweight or had a
lower normal BMI in early adulthood.
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