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Summary
Background The updated definition of hypertension by the American College of Cardiology (ACC) and the Ameri-
can Heart Association (AHA) is an important paradigm shift and has lead to extensive discussion. We aimed to
examine the association between the updated blood pressure (BP) categories and the risk of cardiovascular diseases
(CVDs) with potential modifications from other cardiovascular health metrics (CVHMs).

Methods This prospective study included 91,204 participants ≥40 years recruited from 20 community sites across
mainland China. Participants were followed up during 2010-2016 for CVD events including nonfatal myocardial
infarction, stroke, heart failure, and cardiovascular death. BP categories were defined according to the
2017 ACC/AHA guideline and CVHMs included smoking, physical activity, diet, body-mass index, total cholesterol,
and fasting glucose.

Findings Overall, 1,985 major CVD events occurred during a mean follow-up of 3.7 years. Having more ideal
CVHMs significantly reduced the risk of CVD events in both stage 1 and stage 2 hypertension. Compared with par-
ticipants without hypertension, participants having ≥4 ideal CVHMs were no longer associated with an increased
CVD risk in stage 1 hypertension (HR=1¢04; 95% CI=0¢83-1¢31), but less so in stage 2 hypertension (HR=1¢90, 95%
CI=1¢70-2¢13). Such pattern of association was more evident in participants aged <60 years (P for interaction<0¢05).

Interpretation Stage 1 hypertension defined by the ACC/AHA identifies individuals at increased CVD risk, which
can be attenuated by achieving more preferable cardiovascular health, especially in adults aged <60 years.

Copyright � 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords: Blood pressure; hypertension; cardiovascular health metrics; cardiovascular disease; cardiovascular
prevention
Research in Context

Evidence before this study

We searched PubMed in any languages for studies pub-
lished until May 31, 2021, using the key terms (“hyper-
tension” or “high blood pressure”) and “cardiovascular
health” and (“cardiovascular disease” or “myocardial
infarction” or “stroke”). We also searched the reference
lists of retrieved articles to identify further relevant pub-
lications. We identified several studies revealing an
increased risk of CVD in newly defined hypertension,
and one study assessed the association between ideal
cardiovascular health metrics (ICVHMs) and the risk of
stroke among 5,488 hypertensive patients diagnosed
by blood pressure (BP) levels ≥140/90 mmHg. However,
no study was found assessing the CVD risks in newly
defined hypertension with modifications by ICVHMs.

Added value of this study

We found significantly increased risks of major CVD
events in participants with stage 1 and stage 2 hyper-
tension. Having more ICVHMs was related to lower risks
of CVD in both stage 1 and stage 2 hypertension, and
having ≥4 ICVHMs in stage 1 hypertension attenuated
the CVD risk to a level similar to those without hyper-
tension. Although achieving more ICVHMs did not avert
a significantly increased CVD risk in stage 2 hyperten-
sion, the risk reduced approximately 12% for each
1-increase in the number of ICVHMs. Finally, age-specific
analysis revealed that the association between hyper-
tension, ideal CVH status, and CVD development was
more evident in adults aged<60 years.

Implication of all the available evidence

Our findings emphasize the need for an early detection
and management of the newly defined stage 1 hyper-
tension, and support the importance of promoting car-
diovascular health to prevent CVD events in both stages
of hypertension.
Introduction
Hypertension is the leading global risk factor for cardio-
vascular disease (CVD) and mortality.1 The definition of
hypertension has changed over the years, from a systolic
blood pressure (SBP)/diastolic blood pressure (DBP) of
≥160/90 mmHg in 1984 to ≥140/90 mmHg in 1993,2,3

and a further reduction to ≥130/80 mmHg in 2017.4

The recent definition of ≥130/80mmHg has led to a sub-
stantial increase in the prevalence of hypertension and a
small increase in recommended antihypertensive medi-
cations in the US adults compared with the long used
definition of ≥140/90 mmHg.5 Emerging evidence
revealed that there is an increased risk for CVD in stage 1
hypertension defined by the 2017 American College of
Cardiology (ACC)/American Heart Association (AHA)
www.thelancet.com Vol xx Month xx, 2021
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guideline in young and middle-aged adults, while find-
ings were inconsistent among the elderly.6−9

Seven ideal cardiovascular health metrics (ICVHMs)
defined by the AHA were associated with markedly
reduced risks for CVD and mortality.10−12 Better cardio-
vascular health status was related to lower risks of CVD
and mortality in young,13 middle-aged,11 and elderly
populations,14 highlighting the importance of maintain-
ing an ideal cardiovascular health status across the life
course. However, whether having ICVHMs counteracts
the risk of CVD in participants with stage 1 or stage 2
hypertension is unknown.

Therefore, we used data from a large prospective
cohort to 1) assess the CVD risk associated with stage 1
and stage 2 hypertension, 2) examine the potential mod-
ifications in CVD risks by ICVHMs in stage 1 and stage
2 hypertension, and 3) explore age-specific associations
between hypertension status, ICVHMs, and CVD risks.
Methods

Study participants
The China Cardiometabolic Disease and Cancer Cohort
(4C) study is a nationwide, multicenter, population-
based, prospective cohort study of cardiometabolic dis-
eases and risk factors in Chinese adults.15−17 In 2010-
2012, 193,846 participants 40 years or older from 20
community sites located in 16 provinces, autonomous
regions, or municipalities across mainland China were
recruited using local resident registration systems to
undergo a comprehensive evaluation of cardiometabolic
health. In 2014-2016, all participants were invited to
participate in a follow-up examination, among whom
170,240 participants responded. We excluded partici-
pants with a history of cardiovascular diseases or with
antihypertensive medications at baseline (n=29,347),
with missing data on cardiovascular health metrics,
hypertension, or other covariates at baseline (n=33,804),
or without information on CVD development during
follow-up (n=15,885). Finally, a total of 91,204 partici-
pants were included in the current analysis (Supple-
mentary Figure 1).

This study was approved by the Medical Ethics Com-
mittee of Ruijin Hospital, Shanghai Jiaotong University
School of Medicine. All study participants provided writ-
ten informed consent.
Data collection
At each study site, trained staff collected data according
to a standard protocol at local primary healthcare cen-
ters. Information on sociodemographic characteristics,
lifestyle and dietary factors, and medical history was col-
lected face-to-face by trained interviewers using a stan-
dard questionnaire. Smoking habits at present as well
as in the past were recorded. Physical activity was
assessed using the International Physical Activity
www.thelancet.com Vol xx Month xx, 2021
Questionnaire.18 and physical activity duration per week
was evaluated based on the intensity (vigorous/interme-
diate/mild), frequency (days per week), and average
duration (minutes per day). Habitual dietary intake was
examined by asking the frequency and portion size of
typical food items consumed over the past 12 months.

Body weight and height measurements were per-
formed according to a standard protocol and body-mass
index (BMI) was calculated as the weight in kilograms
divided by height in meters squared. Three BP measure-
ments were obtained by trained observers from each
participant using a calibrated automatic electronic
device (OMRON Model HEM-752 FUZZY) in a separate
examination room after at least 5-minute sitting rest
with 1-minute intervals between measurements. Partici-
pants were advised to avoid alcohol, coffee, tea, smok-
ing, and exercise at least 30 minutes before BP
measurement. The appropriate cuff was used depend-
ing on the subject’s arm circumference. The average of
three readings was used for analysis.

Blood samples were collected from each participant
in the morning after an overnight fast for at least
10 hours. Fasting plasma glucose (FPG) levels were
measured locally using a glucose oxidase or hexokinase
method after blood samples being centrifuged on site
within 2 hours of collection. All local laboratories passed
a national standardization program and a study-specific
quality assurance program.15 Serum samples were ali-
quoted into 0¢5-mL Eppendorf tubes within 2 hours
after collection and were then frozen at -80 degrees at
local hospitals. All samples were shipped in dry ice to
the central laboratory accredited by the College of Amer-
ican Pathologists at Shanghai National Clinical
Research Center for Metabolic Diseases, where serum
total cholesterol (TC) was measured on an auto-analyzer
(c16000 system, ARCHITECT ci16200 analyzer,
Abbott Laboratories, Illinois, USA).
Hypertension Classification
According to the 2017 ACC/AHA hypertension guide-
line recommendations,4 we categorized adults without
hypertension when their BP level was <130/80 mmHg,
stage 1 hypertension when their BP level was 130-139/
80-89 mmHg, and stage 2 hypertension when their BP
level was ≥140/90 mmHg.
ICVHMs Definition
ICVHMs were defined according to the 2010 AHA rec-
ommendations.10 Ideal smoking status was defined as
never smoking or smoking cessation for more than 12
months. Ideal physical activity was defined as
≥150 minutes/week moderate-intensity, ≥75 minute-
s/week vigorous-intensity, or ≥150 minutes/week mod-
erate- or vigorous-intensity physical activities. Ideal diet
was defined as fruit and vegetable intake ≥4¢5 cups/day.
Ideal BMI was defined as a BMI level <23 kg/m2, a
3
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cutoff point specific for Asian populations.19 Ideal TC was
defined as a TC level <200mg/dL without treatment. Ideal
FPG was defined as an FPG level <100 mg/dL without
treatment (Supplementary Table 1). Ideal BP was not
defined and hypertension classification was used instead.
The overall cardiovascular health status was grouped
according to the number of ICVHMs ≤1, 2, 3, and ≥4 to
allow for a reasonable number of participants in each
group (Supplementary Table 2).
CVD Outcomes
The occurrence of major CVD events was obtained at
the follow-up visit. Incident CVD was defined as the first
occurrence of myocardial infarction, stroke, hospitaliza-
tion or treatment for heart failure, and cardiovascular
death during follow-up. As described previously,17 myo-
cardial infarction was defined by characteristic changes
in levels of troponin T and creatine-kinase-MB isoform,
symptoms of myocardial ischemia, changes in electro-
cardiogram results, or a combination of them. Stroke
was defined as a fixed neurologic deficit for at least
24 hours because of a presumed vascular cause. Heart
failure was identified by hospitalization or an emer-
gency department visit requiring a treatment with infu-
sion therapy for a clinical syndrome presenting with
multiple signs and symptoms in consistence with car-
diac decompensation or inadequate cardiac pump func-
tion. Information on vital status and clinical outcomes
was also obtained from the local death and disease regis-
tries of the National Disease Surveillance Point System
and the National Health Insurance System. Throughout
the study period, medical records of subjects who visited
an emergency department or were hospitalized were
collected and adjudicated centrally. Two members of
the outcome adjudication committee independently ver-
ified each clinical event and discrepancies were resolved
by discussion involving other members of the commit-
tee. All members of the committee were unaware of the
baseline risk factors of study participants.
Statistical Analysis
Baseline characteristics according to the hypertension
status were presented as means (standard deviations
[SDs]) for continuous variables with a normal distribu-
tion and numbers (proportions) for categorical varia-
bles. The one-way analysis of variance (ANOVA) was
used to compare continuous variables and the chi-
square test was used to compare categorical variables
across hypertension status. Incidence rates of major
CVD events were described as number of events per
1,000 person-years. Follow-up time was censored at the
date of incident CVD event for those who had an event
or at the date of follow-up examination for those who
remained free from incident CVD cases. Cox propor-
tional hazards models were used to calculate hazard
ratios (HRs) and 95% confidence intervals (CIs) for
major CVD events. Risks were compared between par-
ticipants without hypertension and participants with
stage 1 or stage 2 hypertension who had different CVH
status in terms of individual ICVHMs as well as num-
bers of ICVHMs. Among participants with stage 1 or
stage 2 hypertension, risks in participants with vs. with-
out individual ICVHMs and risks in participants with 2,
3, and ≥4 ICVHMs vs. ≤1 ICVHM were calculated.
These analyses were repeated in participants with age
<60 and ≥60 years separately. The Cox models were
adjusted for covariates including age (continuous), sex
(men or women), educational attainment (< or ≥ high
school), and current drinking (yes or no) in the analysis
of ICVHMs numbers and were further adjusted for all the
other ICVHMs in the analysis of individual ICVHMs.
Interactions between age groups and ICVHMs numbers
in the association with risks of major CVD events were esti-
mated by including the product term in the models. In
addition, sensitivity analysis was conducted among partici-
pants taking antihypertensive medications, using a BMI
level <25 kg/m2 to define ideal BMI, or comparing with
those with a “normal BP” (systolic BP <120 mmHg and
diastolic BP <80mmHg).

All the tests were two-tailed, with a P value <0¢05
considered to indicate statistical significance. Statistical
analyses were performed using R version 3.6.3 (R Proj-
ect for Statistical Computing, http://www.r-project.org).
Role of the funding source
The funder had no role in study design, data collection,
data analysis, data interpretation, or writing of the
report. The corresponding authors had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.
Results
Baseline characteristics of study participants according
to categories of hypertension status are presented in
Table 1 and Supplemental Figure 2. Among the overall
91,204 participants, 41,127 (45¢1%) did not have hyper-
tension, 22,190 (24¢3%) had stage 1 hypertension, and
27,887 (30¢6%) had stage 2 hypertension. Mean systolic
BP/diastolic BP in participants without hypertension,
stage 1 hypertension, and stage 2 hypertension were
114¢2/69¢7 mmHg, 130¢2/80¢0 mmHg, and 150¢9/87¢0
mmHg, respectively. Mean age and the proportion of
men increased across BP groups, as well as levels of
BMI, total cholesterol, and FPG (all p values for trend
<0¢001). The proportions of individual ICVHMs and
number of ICVHMs ≥3 decreased significantly across
BP groups (all p values for trend <0¢001).

Overall, 1,985 major CVD events occurred during a
mean follow-up of 3¢7 years (333,756 person-years). The
crude CVD incidence rates were 3¢44 (3¢16-3¢75), 4¢85
(4¢39-5¢35), and 10¢55 (9¢93-11¢20) per 1000 person-
www.thelancet.com Vol xx Month xx, 2021

http://www.r-project.org


Characteristics Without hypertension
(SBP <130 mmHg and
DBP <80 mmHg)

Stage 1 hypertension
(SBP 130-139 mmHg
or DBP 80-89 mmHg)

Stage 2 hypertension
(SBP ≥140 mmHg
or DBP ≥90 mmHg)

P Value

Participants (n) 41,127 22,190 27887

Age (years) 53¢8 § 8¢3 55¢4 § 8¢5 58¢8 § 8¢9 < 0¢001
Men, n (%) 11337 (27¢6) 8221 (37¢0) 11149 (40¢0) < 0¢001
High school education or above, n (%) 17978 (43¢7) 8380 (37¢8) 8166 (29¢3) < 0¢001
Current drinkers, n (%) 3137 (7¢6) 2660 (12¢0) 3957 (14¢2) < 0¢001
BMI (kg/m2) 23¢5 § 3¢3 24¢8 § 3¢5 25¢3 § 3¢5 < 0¢001
SBP (mmHg) 114¢2§ 9¢3 130¢2 § 7¢0 152¢9 § 14¢6 < 0¢001
DBP (mmHg) 69¢7 § 6¢2 80¢0 § 6¢2 87¢0 § 10¢4 < 0¢001
TC (mg/dL) 183¢9§ 43¢8 191¢3 § 43¢7 198¢3 § 43¢9 < 0¢001
FPG (mg/dL) 101¢9§ 24¢6 107¢0 § 28¢5 111¢4 § 32¢8 < 0¢001
Ideal cardiovascular health metrics, n (%)

Ideal smoking status 33646 (81¢8) 17420 (78¢5) 22067 (79¢1) < 0¢001
Physical activity at goal 6542 (15¢9) 3093 (13¢9) 3657 (13¢1) < 0¢001
Healthy diet 20264 (49¢3) 10211 (46¢0) 10922 (39¢2) < 0¢001
BMI at goal 19019 (46¢2) 6723 (30¢3) 7062 (25¢3) < 0¢001
Untreated TC at goal 26946 (65¢5) 13007 (58¢6) 14612 (52¢4) < 0¢001
Untreated FPG at goal 24923 (60¢6) 10780 (48¢6) 11586 (41¢5) < 0¢001

No. of ICVHMs, n (%) < 0¢001
≤1 3016 (7¢3) 2988 (13¢5) 5119 (18¢4)
2 8350 (20¢3) 6252 (28¢2) 9194 (33¢0)
3 13193 (32¢1) 7203 (32¢5) 8345 (29¢9)
≥4 16568 (40¢3) 5747 (25¢9) 5229 (18¢8)

Table 1: Baseline characteristics of 91,204 participants by hypertension status.
Data are presented as means § standard deviations for continuous variables with a normal distribution or numbers (proportions) for categorical variables.

Abbreviations: BMI, body-mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; ICVHMs, ideal cardiovascular health metrics; SBP, systolic

blood pressure; TC, total cholesterol.
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years in participants without hypertension, with stage 1
hypertension, and stage 2 hypertension, respectively
(Figure 1). Compared with participants without
Figure 1. Incidence rates of major cardiovascular events. Inciden
according to blood pressure categories and ICVHMs: stage 1 hypert
individual ICVHM (B), stage 2 hypertension with ≤1, 2, 3, ≥4 ICVHMs

Abbreviations: BMI, body-mass index; FPG, fasting plasma gl
cholesterol.

www.thelancet.com Vol xx Month xx, 2021
hypertension, participants with stage 1 hypertension
had a significantly 20% increased risk of developing
CVD events (HR, 1¢20; 95% CI, 1¢05-1¢37) (Table 2).
ce rate per 1000 person-years for major cardiovascular events
ension with ≤1, 2, 3, ≥4 ICVHMs (A), stage 1 hypertension with
(C), stage 2 hypertension with individual ICVHM (D).
ucose; ICVHMs, ideal cardiovascular health metrics; TC, total
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Baseline categories No. of cases Person-Years HR (95% CI)*

Without hypertension 519 150,880 1 [Reference]

Stage 1 hypertension 394 81,224 1¢17 (1¢02-1¢34)
Ideal smoking status 290 63,470 1¢15 (0¢98-1¢34)
Physical activity at goal 57 11,349 1¢16 (0¢88-1¢53)
Healthy diet 154 36,743 1¢05 (0¢87-1¢26)
BMI at goal 121 24,360 1¢14 (0¢93-1¢39)
Untreated TC at goal 226 47,545 1¢20 (1¢02-1¢40)
Untreated FPG at goal 176 40203 1¢15 (0¢97-1¢36)
Stage 2 hypertension 1072 101,653 1¢90 (1¢70-2¢13)
Ideal smoking status 800 80,348 1¢69 (1¢49-1¢90)
Physical activity at goal 126 13,469 1¢66 (1¢35-2¢03)
Healthy diet 311 38,573 1¢59 (1¢37-1¢84)
BMI at goal 266 25,262 1¢69 (1¢44-1¢98)
Untreated TC at goal 521 53,131 1¢84 (1¢61-2¢10)
Untreated FPG at goal 439 43,451 1¢81 (1¢58-2¢08)

Table 2: Hazard ratio (95% CI) of major cardiovascular events by baseline hypertension status and each individual cardiovascular health
metrics.
Abbreviations: BMI, body-mass index; CI, confidence interval; FPG, fasting plasma glucose; HR, hazard ratio; TC, total cholesterol.

* Adjusted for age, sex, education, drinking status, and other cardiovascular health metrics.
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However, when participants with stage 1 hypertension
had ≥4 ICVHMs, a similar CVD risk was found com-
pared with participants without hypertension (HR,
1¢04; 95% CI, 0¢83-1¢31; Figure 2A). Compared with par-
ticipants without hypertension, participants with stage 2
hypertension had a significantly 90% increased risk of
developing CVD events (HR, 1¢90; 95% CI, 1¢70-2¢13)
(Table 2). Although participants having ideal levels of
individual CVH metrics (Table 2) or having an
increased number of ICVHMs had lower CVD risk
(Figure 2A), the development of major CVD events was
still significantly enhanced in stage 2 hypertension com-
pared with those without hypertension. Results were
similar in participants taking antihypertensive medica-
tions (Supplemental Table 3), using BMI <25 kg/m2 to
define ideal BMI (Supplemental Table 4), or comparing
with those with a “normal BP” (Supplemental Table 5,
Supplementary Figure 3). In addition, the relative risk
ratio of the HR of stage 1 hypertension with ≥4
ICVHMs vs. without hypertension and the HR of stage
2 hypertension with ≥4 ICVHMs vs. without hyperten-
sion was 0¢70 (0¢52-0¢94), indicating a significantly
lower risk of stage 1 hypertension with ≥4 ICVHMs
than stage 2 hypertension with ≥4 ICVHMs using those
without hypertension as the reference.

When participants were stratified according to age,
stage 1 hypertension was not associated with an
increased risk of CVD compared with those without
hypertension in participants ≥60 years (HR, 1¢02; 95%
CI, 0¢86-1¢23) (Figure 3A). Although stage 1 hyperten-
sion overall was associated with an increased risk of
CVD in participants <60 years (HR, 1¢45; 95% CI, 1¢19-
1¢76), the risk decreased with an increasing number of
ICVHMs and having ≥4 ICVHMs attenuated the risk
compared with those without hypertension (HR, 1¢12;
95% CI, 0¢79-1¢58; P value for interaction between
ICVHMs ≥4 and age groups <0¢001). Stage 2 hyperten-
sion was associated with an increased risk of CVD com-
pared with those without hypertension in participants
≥60 years (HR, 1¢63; 95% CI, 1¢42-1¢88) and in partici-
pants <60 years (HR, 2¢65; 95% CI, 2¢24-3¢13)
(Figure 3C). Although the CVD risk decreased with an
increasing number of ICVHMs in both age groups, it
can hardly be averted compared with participants with-
out hypertension. Interactions between age groups and
numbers of ICVHMs in the association with CVD risks
were significant in both stage 1 and stage 2 hyperten-
sion compared with those without hypertension (both P
values for interaction <0¢05).

Among participants with stage 1 hypertension, no
significant reduction in CVD risk was found in those
with most individual ICVHMs compared with partici-
pants without that individual ICVHMs (Supplemental
Table 6). A significant CVD risk reduction was found in
participants having ≥4 ICVHMs compared with those
having ≤1 ICVHM (HR, 0¢63; 95% CI, 0¢45-0¢89)
(Figure 2B). Among participants with stage 2 hyperten-
sion, significant reductions in CVD risk were observed
in those with individual ICVHMs such as ideal smoking
status, or healthy diet compared with participants with-
out that individual ICVHMs (Supplemental Table 6).
Participants having 2, 3, and ≥4 ICVHMs were at 10%,
28%, and 35% decreased CVD risks compared with
those having ≤1 ICVHM (Figure 2B).

When participants with stage 1 hypertension or stage
2 hypertension were stratified according to age, a non-
www.thelancet.com Vol xx Month xx, 2021



Figure 2. Hazard ratio (95% CI) of major cardiovascular events. HR (95% CI) of major cardiovascular events according to the number
of ICVHMs among participants with stage 1 hypertension (blue) and stage 2 hypertension (red), as compared with those without
hypertension, adjusted for age, sex, education, and drinking status (A). HR (95% CI) of major cardiovascular events per 1-number
increment in ICVHMs among participants with stage 1 hypertension (blue) or stage 2 hypertension (red), adjusted for age, sex, edu-
cation, drinking status, systolic and diastolic blood pressure (B).

Abbreviations: CI, confidence interval; HR, hazard ratio; ICVHMs, ideal cardiovascular health metrics.
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significant trend of reduction in CVD risks was observed
with more ICVHMs in both age groups for stage 1 hyper-
tension (Figure 3B). Risks of major CVD events were
reduced significantly by 15% and 13% with each 1-incre-
ment in ICVHM numbers in age groups of ≥60 and
<60 years for stage 2 hypertension (Figure 3D).
www.thelancet.com Vol xx Month xx, 2021
Discussion
In this large, nationwide, multicenter, prospective
cohort study of 91,204 Chinese adults, we found signifi-
cantly increased risks of major CVD events in partici-
pants with stage 1 and stage 2 hypertension. Having
more ICVHMs was related to lower risks of CVD in
7



Figure 3. Hazard ratio (95% CI) of major cardiovascular events according to age categories. HR (95% CI) of major cardiovascular
events according to the number of ICVHMs among participants aged ≥60 or <60 years with stage 1 hypertension (A) or stage 2
hypertension (C), as compared with those without hypertension, adjusted for age, sex, education, and drinking status. HR (95% CI)
of major cardiovascular events per 1-number increment in ICVHMs among participants aged ≥60 or <60 years with stage 1 hyper-
tension (B) or stage 2 hypertension (D), adjusted for age, sex, education, drinking status, systolic and diastolic blood pressure. Inter-
actions between age groups and ICVHM numbers in the association with risks of major cardiovascular events: P for
interaction = 0¢002 (A); P for interaction < 0¢001 (C). Interactions between age groups and per 1-number increment in ICVHMs in
the association with cardiovascular events: P for interaction = 0¢74 (B); P for interaction = 0¢97 (D).

Abbreviations: CI, confidence interval; HR, hazard ratio; ICVHMs, ideal cardiovascular health metrics.
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both stage 1 and stage 2 hypertension, and having ≥4
ICVHMs in stage 1 hypertension attenuated the CVD
risk to a level similar to participants without hyperten-
sion. Although achieving more ICVHMs did not avert a
significantly increased CVD risk in stage 2 hyperten-
sion, the risk reduced approximately 12% for each 1-
increase in the number of ICVHMs. Finally, age-spe-
cific analysis revealed that the association between
hypertension, ideal CVH status, and CVD development
was more evident in adults aged <60 years. Our find-
ings emphasize the need for an early detection and
management of the newly defined stage 1 hypertension,
and support the importance of promoting cardiovascu-
lar health to prevent CVD events in both stages of hyper-
tension.

The prevalence of hypertension is rising globally and
in China,20 owing to ageing of the population and
increases in exposure to lifestyle risk factors such as
unhealthy diets and lack of physical activity.21 Despite
the widespread use of antihypertensive medications,
hypertension control remains unacceptably low, particu-
larly in low- and middle-income countries.22 The
2017 ACC/AHA hypertension guideline redefined
hypertension as SBP ≥130 mmHg or DBP ≥80 mmHg,
reclassifying 267 million Chinese adults and 70.1 mil-
lion US adults in the 45-75 year age group as having
hypertension.23 Consistent with previous studies,6,8,24

we found that the newly defined stage 1 hypertension,
which accounted for 24% of the study population, con-
tributed to an increased CVD risk by approximately
20%. The increase was more evident in adults aged 40-
59 years compared with adults ≥60 years. Similar
results were found in younger adults (<40 years) with
stage 1 hypertension in the U.S., Korean, and Chinese
populations.25−27 A prospective cohort study with
approximately 0.5 million Chinese adults demonstrated
a steeper increase in risks of vascular disease with
higher systolic BP in young vs. elderly adults.28 How-
ever, there has been less consistency regarding the need
for antihypertensive drug treatment in patients with
stage 1 hypertension, especially younger adults who
would most likely have low predicted 10-year ASCVD
risk regardless of risk factor burden.29 By using cardio-
vascular health rather than predicted ASCVD risk to fur-
ther stratify younger participants with stage 1
hypertension, we demonstrated that adults <60 years of
age with stage 1 hypertension who had ≥4 ICVHMs
could be considered at a low CVD risk and preventive
www.thelancet.com Vol xx Month xx, 2021
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efforts might be implemented in young stage 1 hyper-
tensive patients with a less number of ICVHMs.

Prior studies have suggested that the presence of
more ICVHMs is inversely associated with the risk of
CVD and mortality.13,14,30 Moreover, a prospective
cohort study of 5,488 hypertensive patients with SBP
≥140 mmHg or DBP ≥90 mmHg found that an
increased number of ICVHMs was inversely associated
with the incidence of ischemic stroke.31 In the current
study, participants with stage 1 hypertension and ≥4
ICVHMs had a CVD risk similar to participants without
hypertension. Having more ICVHMs reduced the CVD
risk in a dose-response manner in participants with
stage 2 hypertension, although the risk cannot be fully
averted to a level similar to participants without hyper-
tension. Our findings reveal that achieving more prefer-
able cardiovascular health may help prevent the onset of
CVD events among individuals with stage 1 or stage 2
hypertension. This is particularly relevant given that the
updated definition of hypertension will markedly
increase the number of people as hypertensive and at
increased CVD risks.23 Because the percentage of ideal
cardiovascular health in Chinese adults was extremely
low,32 more aggressive efforts are needed to improve
cardiovascular health. In addition, a nationwide cohort
study has confirmed the associations of young adult-
hood CVH status, as well as its change over time, with
premature CVD events.33 In the current study, the asso-
ciation between hypertension, ideal CVHMs, and CVD
risk was more apparent in adults aged <60 years. These
findings indicate the critical importance of maintaining
ideal CVH status at young adulthood and beyond in
people with or without hypertension.

The current study has several limitations. First, a sig-
nificant proportion of participants were not included in

the current analysis and there might be selection and

lost to follow-up biases. We compared baseline charac-

teristics between participants included and those

excluded for missing data by using standardized differ-

ences in Supplementary Tables 7 and 8. A standardized

difference <0.1 was considered balanced between

groups34 and all of the standardized difference values

were <0.1 for compared variables. In addition, the sensi-

tivity analysis using multiple imputations of missing

baseline data revealed similar findings to those of the

main analysis (Supplementary Figure 4). Second, data

on smoking status, physical activity, and dietary habits

were self-reported. Although a standard and detailed

questionnaire was used and a face-to-face interview was

conducted to collect information, recall bias could not

be ruled out. Third, healthy diet was evaluated based on

consumptions of fruit and vegetable, and a more com-

prehensive assessment of dietary habits should have

been used. Forth, newly-diagnosed hypertension was

determined by only one attended examination, although

3 BP measurements were obtained during the study

visit using a standard protocol. Fifth, although the
www.thelancet.com Vol xx Month xx, 2021
CVHMs information was re-evaluated at the follow-up
examination, we only had 1 follow-up examination and
CVD events occurred during the follow-up. Therefore,
the relationship between the changes of CVHMs and
CVD risk cannot be analyzed or time-varying analysis
cannot be done, and more follow-up examinations are
needed. In addition, the relatively short duration of fol-
low-up limited the number of incident CVD events and
prevented further analysis based on individual CVD
components. Finally, despite adjustment for multiple
covariates in the Cox models, residual confounding can
hardly be avoided.
Conclusions
In this large, nationwide, community-based, prospective
cohort study of Chinese adults, we found that stage 1
hypertension defined by the 2017 ACC/AHA guideline
was associated with an increased risk of major CVD events
compared with those without hypertension. Having more
ICVHMs diminished the risk of CVD in both stage 1 and
stage 2 hypertension. When participants with stage 1
hypertension had ≥4 ICVHMs, the CVD risk could be
attenuated to a level similar to participants without hyper-
tension. The association between hypertension, ICVHMs,
and CVD events was more evident in adults <60 years of
age. Our findings highlight the importance of identifying
individuals with stage 1 hypertension and emphasize the
benefits of improving CVH status in both stage 1 and stage
2 hypertension for the primary prevention of CVD events.
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