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Abstract

Background Preventing cardiovascular disease (CVD) in adults with hypertension is essential, but it remains
uncertain whether optimizing modifiable factors can eliminate the excess CVD risk associated with new-onset
hypertension.

Methods In this prospective cohort study, 29,597 adults with new-onset hypertension and no prior CVD (from
2006-2016 surveys) were each matched by age and sex to a normotensive control. Eight modifiable factors were
assessed using the American Heart Association’s Life's Essential 8 algorithm. We followed participants for incident
CVD until December 2020, estimating 10-year and lifetime (age 25-95) CVD risks using the Fine-Gray competing risks
model.

Results Over a median follow-up of 9.81 years, adults with new-onset hypertension had higher 10-year (8.97% vs.
6.31%) and lifetime CVD risks (45.55% vs. 34.98%) compared to normotensive controls. After adjusting for age, sex,
and other unmodifiable factors, each additional favorable factor was associated with a stepwise reduction in CVD risk
(P-trend < 0.05). Hypertensive participants with four or more favorable factors had a 17% lower 10-year CVD risk (HR
0.83;95% C1 0.72-0.97) and a similar lifetime CVD risk (HR 0.90; 95% C| 0.78-1.05) compared to normotensive controls.
Notably, the protective effect was weaker among those with early-onset (before age 45) hypertension than those
with later-onset (age > 60) hypertension (P-interaction < 0.05).

Conclusions In adults with new-onset hypertension, maintaining four or more modifiable factors at favorable levels
was associated with a CVD risk comparable to that of normotensive individuals. However, young hypertensive adults
may require more aggressive interventions to mitigate CVD risk.
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Background

Hypertension is a major contributor to cardiovascu-
lar disease (CVD) and premature death globally [1-4].
With an aging population and the increasing prevalence
of unhealthy lifestyles, the incidence of hypertension is
rising, particularly in low- and middle-income countries
[5, 6]. Estimates indicate that 31.5% of adults (1.04 billion
people) in low- and middle-income countries and 28.5%
of adults (349 million people) in high-income countries
have hypertension [7]. Preventing complications from
hypertension remains a critical public health priority.

Epidemiological studies have shown that improv-
ing modifiable factors significantly reduces CVD risk
in both general [8—10] and hypertensive populations
[11-14]. However, previous studies often included par-
ticipants with prevalent hypertension, potentially intro-
ducing recall bias due to inaccurate recollection of past
exposures or behaviors and survivor bias by overlook-
ing those who did not survive. While clinical trials have
demonstrated that controlling blood pressure (BP), blood
glucose, and blood lipids decreases CVD risk [15-17],
few studies have explored the association between these
modifiable factors and the lifetime risk of CVD. Nota-
bly, some adults with low short-term CVD risk may still
face a heightened risk over their remaining lifespan [18].
Therefore, assessing lifetime risk is a valuable comple-
ment to short-term risk assessment in clinical practice
[18-20].

Recently, the American Heart Association (AHA)
issued Life’s Essential 8 (LE8) to assess and promote car-
diovascular health [21, 22], potentially reducing CVD
risks among adults with hypertension. LE8 comprises
modifiable factors such as diet, nicotine exposure, physi-
cal activity, sleep, body mass index (BMI), blood lipids,
blood glucose, and BP. Leveraging data from the Kailuan
cohort, collected biennially since 2006, we identified a
population with new-onset hypertension and followed
their risk of developing CVD. This study investigates
whether improving modifiable factors in LE8 can miti-
gate the excess 10-year and lifetime risk of CVD associ-
ated with new-onset hypertension.

Methods

Study design and participants

The Kailuan study, located in the Kailuan community of
Tangshan, China, is a prospective cohort. Detailed study
design and procedures have been previously documented
[23-26]. In brief, all employees and retirees affiliated
with the Kailuan Group Company were biennially invited
to participate in health check-up surveys initiated in
2006. Across six survey cycles conducted in 2006—2007,
2008-2009, 2010-2011, 2012-2013, 2014-2015, and
2016-2017, 134,131 participants underwent repeated
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assessments of their hypertension status (Fig. 1). Hyper-
tension was defined as systolic BP>140 mm Hg or
diastolic BP >90 mm Hg or self-reported use of antihy-
pertensive medication, and normal BP was defined as
systolic BP<130 mm Hg and diastolic BP <85 mm Hg,
according to the International Society of Hypertension
Global Hypertension Practice Guidelines [27]. New-onset
hypertension (n=38,257) was defined as the develop-
ment of hypertension in individuals confirmed as non-
hypertensive in at least one prior survey. The onset time
of hypertension was determined by the earliest recorded
date of diagnosis or the first date when hypertension was
detected. We excluded 2106 participants who were under
25 or over 95 years old or who had a history of cancer,
atrial fibrillation, coronary heart disease (CHD), heart
failure, stroke, or end-stage renal disease at baseline.

We matched each participant with new-onset hyper-
tension to a normotensive control from the same sur-
vey. The matching criteria included identical age (in
years), sex, absence of a history of cancer, atrial fibrilla-
tion, CHD, heart failure, stroke, or end-stage renal dis-
ease, and complete data on all covariates. For example, a
52-year-old male with new-onset hypertension identified
in the 2008 survey was matched with a 52-year-old nor-
motensive male from the same survey who did not have
any of the mentioned medical conditions. Finally, 31,335
new-onset hypertension cases were successfully matched
with controls, and 29,597 pairs without missing data were
included in the primary analysis.

Modifiable factors assessment

Modifiable factors are defined as those that can be
improved through lifestyle changes or medical inter-
ventions. Based on the American Heart Association
LE8 algorithm [22], the modifiable factors in our study
included eight key metrics: diet, nicotine exposure, phys-
ical activity, sleep, BMI, blood lipids, blood glucose, and
BP. Trained and certified nurses conducted assessments
using standardized procedures. Information regarding
diet, nicotine exposure, physical activity, sleep, and medi-
cation history was collected using standardized ques-
tionnaires. Since sodium restriction is the most common
dietary recommendation for preventing hypertension
and reducing BP, and current guidelines advise reducing
sodium intake [4, 12, 28], we chose salt consumption to
assess diet health. Body weight and height were meas-
ured with participants wearing lightweight indoor cloth-
ing and no shoes. BMI was then calculated by dividing
weight in kilograms by height in square meters. BP was
measured three times using a calibrated sphygmoma-
nometer with an appropriately sized cuff, following a
5-min rest in a seated position. The average of these three
BP measurements was utilized in the analyses.
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134,131 participants with repeatedly measured hypertension
status during the 2006-2016 Kailuan surveys
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38,257 participants without hypertension in the first attended
survey but developing hypertension in the following surveys
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2,106 Excluded those
younger than 25 (n = 126),
older than 95 (n = 15), or
with a baseline history of
cancer (n = 300), AF (n=
194), CHD (n=513), HF (n =
117), stroke (n =778), or
ESRD (n =63)

36,151 New-onset hypertension eligible for match

14,816 Excluded for failing to match

31,335 new-onset hypertension matched to controls with
normal blood pressure

l 1,738  Excluded for missing data

v

A 4

v
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Normotensive HPT with <1 HPT with HPT with HPT with >
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N =29,597
N =9,407 N =9,972 N=7,139 N =3,079

Fig. 1 Cohort identification and analysis grouping flowchart. Abbreviations: AF denotes atrial fibrillation, CHD denotes coronary heart disease, HF
denotes heart failure, ESRD denotes end-stage renal disease, and HPT denotes new-onset hypertension

Blood samples were obtained following an overnight
fast of 8-10 h and analyzed at the central laboratory of
Kailuan Hospital using an auto-analyzer (Hitachi 747;
Hitachi, Tokyo, Japan). Fasting blood glucose (FBG)
levels were measured using the hexokinase/glucose-
6-phosphate dehydrogenase method, while total choles-
terol levels were measured using the enzymatic method.
High-density lipoprotein cholesterol (HDL-c) levels were
measured using the direct method. Non-high-density
lipoprotein cholesterol (nHDL-c) was calculated as the
difference between total and HDL-c levels.

Modifiable factors were scaled to a 0—100 score range
using the LE8 algorithm [22], with detailed scoring cri-
teria provided in Additional file 1: Table S1. Factors
with scores exceeding 80 were classified as favorable.

Examples include never smoking, obtaining 7-10 h
of sleep per night, a BMI<23 kg/m? nHDL-c<3.36
mmol/L, FBG <5.60 mmol/L, and BP <120/ <80 mm Hg.

Outcomes assessment
The primary outcome in this study was CVD events,
defined as fatal and nonfatal CHD (including myocar-
dial infarction and coronary revascularization) [23, 26],
heart failure hospitalization [24], and stroke (ischemic
and hemorrhagic) [25]. Secondary outcomes included the
individual components of the primary outcome, analyzed
separately as CHD, heart failure hospitalization, and
stroke.

To follow these events among participants, we linked
them via unique identification codes to the medical
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record systems of both social medical insurance institu-
tions in Tangshan City and Kailuan Hospitals. Addition-
ally, to capture cases potentially missed by these systems,
we incorporated data from biennial health examinations,
where we collected histories of myocardial infarction and
stroke via questionnaire surveys. Furthermore, all study
subjects were connected to the death registration system
to gather relevant information regarding mortality.

For potential CHD, heart failure, and stroke outcomes,
the endpoint evaluation committee of Kailuan Hospi-
tal reviewed and adjudicated case-related information
without access to baseline data of the study subjects. The
adjudication of CHD was based on changes in biochemi-
cal markers of myocardial necrosis accompanied by
ischemic symptoms, pathological Q waves, ST-segment
elevation or depression, or coronary revascularization.
Heart failure cases considered in our study pertained to
chronic systolic heart failure, diagnosed through clini-
cal manifestations, laboratory tests, and imaging assess-
ments aligned with European Society of Cardiology
guidelines [29]. Diagnosis of strokes relied on rapidly
developing signs of focal (or global) disturbances in cer-
ebral function lasting more than 24 h without an appar-
ent nonvascular cause.

Covariates assessment

Demographic characteristics, including sex (male or
female), date of birth, education levels (more than 9 years
or 9 years or less), marital status (married, single, wid-
owed, divorced, or separated individuals), work environ-
ment (working in the mine or not), and family history of
CVD (present or absent), were collected through a stand-
ardized questionnaire. The same questionnaire also gath-
ered medical histories, including hypertension, diabetes,
CHD, stroke, or end-stage renal disease, as well as infor-
mation on medications such as antihypertensive medica-
tions. These data were consistently updated biennially to
ensure accuracy and relevance.

Statistical analysis

All statistical analyses were conducted using SAS ver-
sion 9.4, employing two-sided tests with a significance
level set at P<0.05. Continuous variables were reported
as means with standard deviations, and categorical vari-
ables were presented as frequencies with proportions.
We employed a paired design to compare baseline char-
acteristics between the new-onset hypertension group
and normotensive controls. Linear trends among groups
of favorable factors in adults with new-onset hyperten-
sion were investigated using general linear models for
continuous variables and logistic models for categorical
variables.
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We calculated person-years for each participant
from the date of hypertension onset until the earli-
est of the following events: the first recorded outcome,
death, or the end of the follow-up period (December
31, 2020). Incidence rates were presented as events per
100 person-years of observation, along with exact 95%
Poisson confidence intervals [30]. Examination of log(—
log[survival]) curves indicated that the proportional haz-
ards assumption was not violated. Initially, we employed
proportional hazard models, using the matched pair ID
as the stratification variable, to estimate the hazard ratio
and quantify the excess CVD risk associated with new-
onset hypertension. These models included adjustments
for additional covariates beyond those used in the match-
ing process, such as educational level, marital status,
work environment, family history of CVD, and baseline
antihypertensive drug use. The partial population-attrib-
utable risks were calculated to describe the proportion of
CVD, which could be prevented if everyone maintained
the normotensive status [31].

To explore the potential for reducing CVD risk in indi-
viduals with new-onset hypertension through improve-
ments in modifiable factors, we evaluate CVD risk based
on the status of individual modifiable factors and the
cumulative number of favorable factors at baseline, com-
paring findings with those of normotensive controls. The
number of favorable factors categorized hypertensive
adults. Participants with one or fewer favorable factors
were grouped to ensure sufficient statistical power, while
those with four or more were placed in a separate group.
To account for the competing risk of death from other
causes before CVD, we applied the Fine-Gray model
[18-20], using follow-up years as the time scale to esti-
mate the 10-year risk. In the first model, we adjusted for
age and sex. In the second model, we included additional
adjustments for unmodifiable factors such as educational
level, marital status, work environment, family history of
CVD, and antihypertensive drug use at baseline. Further-
more, we used age as the time scale to assess the lifetime
risk of CVD, from age 25 to 95. The CVD-free years gain
was estimated to be the difference in the areas under the
survival curves [32].

Comprehensive analyses were conducted to evaluate
whether the number of favorable factors influenced CVD
risk differently across age of hypertension onset, sex, and
BP levels at baseline. Stratified analyses were performed
based on the age of hypertension onset (<45 years,
45-59 years, or>60 years), sex (male or female), and
BP levels (normotensive, BP 140-159/90-99 mmHg, or
BP>160/100 mmHg) at baseline. Likelihood ratio tests
were used to assess potential statistical interactions
between the number of favorable factors and hyperten-
sion onset age, sex, or BP levels about the risk of CVD.
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We conducted several sensitivity analyses to evaluate
the robustness of our findings. First, we excluded indi-
viduals with incomplete data from the primary analy-
ses since less than 2% of matched hypertensive adults
had missing information (Additional file 1: Table S2).
To address potential bias from missing data, we also
performed a sensitivity analysis using multiple imputa-
tions that included all participants [33]. Second, par-
ticipants with a BMI below 18.5 kg/m? were excluded
to reduce confounding effects related to underweight
status. Third, we excluded outcome events occurring
within the first 3 months of follow-up to mitigate the
possibility of reverse causation. Fourth, we restricted
the analysis to individuals diagnosed with hyperten-
sion less than 2 years prior to baseline to minimize
the influence of longer hypertension duration. Fifth,
we redefined hypertension and normal BP according
to the ACC/AHA guidelines [34]. Sixth, we excluded
participants using antihypertensive medications at
baseline to reduce potential bias associated with these
treatments. Seventh, since BP levels and antihyperten-
sive drugs during follow-up can significantly influence
CVD risk, we further adjusted for these factors among
participants with available data. Eighth, acknowledg-
ing that changes in modifiable factors during follow-up
may affect CVD risk, we also adjusted for changes in
the number of favorable factors. In addition, we exam-
ined the relationship between changes in the number of
modifiable factors and subsequent outcomes, account-
ing for the baseline number of favorable factors.
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Results

At baseline, the mean age of the participants was
52.8+11.1 years, with 19.0% female (Table 1). Adults
with new-onset hypertension had similar age, sex, edu-
cation level, marital status, and mine worker proportion
compared to normotensive controls. However, they were
more likely to have a family history of CVD and less likely
to have favorable levels of diet health, nicotine exposure,
sleep health, BMI, blood lipids, FBG, and BP. Among
adults with new-onset hypertension, 31.8% had one or
fewer favorable factors, 33.7% had two, 24.1% had three,
and 10.4% had four or more (Additional file 1: Table S3).
Those with more favorable factors tended to be older,
female, work at non-mine, and have higher education
levels.

New-onset hypertension association with high CVD risk

Over a median follow-up of 9.81 years (interquar-
tile range 7.01 to 11.61 years), 2423 cases of CVD were
recorded among adults with new-onset hypertension
(Additional file 1: Table S4). As shown in Fig. 2, these
adults had a 10-year CVD risk of 8.97% (95% CI 8.63% to
9.31%) and a lifetime CVD risk of 44.55% (95% CI 4:3.46%
to 47.74%). In comparison, there were 1768 CVD cases
among normotensive controls, with a 10-year CVD risk
of 6.31% (95% CI 6.00% to 6.63%) and a lifetime CVD risk
of 34.98% (95% CI 33.15% to 36.91%). After accounting
for age, sex, education level, marital status, work environ-
ment, family history of CVD, and antihypertensive treat-
ment at baseline, adults with new-onset hypertension had

Table 1 Baseline characteristics of participants with new-onset hypertension and normotensive controls in the Kailuan Study

Items Normotensive controls New-onset hypertension P-value
Participant, n(%) 29,597 29,597

Age, year, mean=SD 528+11.1 528+11.1 1.00
Female, n(%) 5624(19.0) 5624(19.0) 1.00
Education > 9 years, n(%) 7534(25.5) 7477(25.3) 0.59
Married status, n(%) 29,208(98.7) 29,207(98.7) 0.97
Mine worker, n(%) 8715(29.4) 8757(29.6) 0.71
Family CVD history, n(%) 1024(3.46) 1226(4.14) <0.001
Favorable diet health, n(%) 4238(14.3) 4000(13.5) 0.005
Favorable nicotine exposure, n(%) 17,257(58.3) 16,813(56.8) <0.001
Favorable physical activity, n(%) 4433(15.0) 4581(15.5) 0.09
Favorable sleep health, n(%) 20,455(69.1) 20,073(67.8) <0.001
Favorable BMI level, n(%) 11,143(37.6) 6699(22.6) <0.001
Favorable blood lipids level, n(%) 14,309(48.3) 12,051(40.7) <0.001
Favorable blood glucose level, n(%) 20,993(70.9) 17,538(59.3) <0.001
Favorable blood pressure level, n(%) 11,322(38.3) 0(0.00) <0.001
Antihypertensive therapy (yes) 0(0.00) 5134(17.35) <0.001

Abbreviations: CVD Cardiovascular disease; BMI Body mass index; SD Standard deviation. Diet health, nicotine exposure, physical activity, sleep health, BMI, blood
lipids, blood glucose, and blood pressure were assessed according to the Life’s Essential 8 algorithm, and a favorable level was defined as >80 scores



Wu et al. BMC Medicine

(2025) 23:80

Page 6 of 12

A
Normotensive control
8.004 New-onset HPT
~— 6.00
g
X
2
-
®
P 4.00 4
iy
o
-
2.00+
0'00 _I T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
Follow-up time (year)
C
10.00 Normotensive control .
------ HPT with 0-1 optimal factor L
————————— HPT with 2 optimal factors J
— — — HPT with 3 optimal factors ,/ B
8.00 HPT with =4 optimal factors R
—
g
x 6.00
o
-
b
®
@
> 4.004
=)
-
2.00
0.00 <

o 1 2 3 4 5 6 7 8 9 10
Follow-up time (year)

B
Normotensive control
New-onset HPT
40.00
2\0’ 30.00 4
X
2
1™
[}
£ 20004
R
£
|
10.00
0'00 T T T T T T T T
25 35 45 55 65 75 85 95
Age (year)
D
50.00 Normotensive control LT
------ HPT with 0-1 optimal factor S
--------- HPT with 2 optimal factors REtiad
— — — HPT with 3 optimal factors i~
. - S
40.00 - HPT with =4 optimal factors %
g
X 4
' 30.00
'
[
E
=
g 20.00
-
10.00
0’00 1 T T 1 T T T T
25 35 45 55 65 75 85 95
Age (year)

Fig. 2 The age and sex-adjusted 10-year and lifetime risk of cardiovascular disease (CVD) of new-onset hypertension compared with normotensive
controls. Panel A presents the 10-year risk of CVD for all participants with new-onset hypertension compared to normotensive controls. Panel

B depicts the lifetime risk of CVD for those with new-onset hypertension in comparison to controls. In Panel C, the 10-year risk of CVD is shown

for new-onset hypertension cases with varying numbers of favorable factors. Panel D displays the lifetime risk of CVD for new-onset hypertension
cases with different numbers of favorable factors. HPT denotes new-set hypertension. The risks were adjusted for age (continuous) and sex (male
or female). Modifiable factors include diet, nicotine exposure, physical activity, sleep, body mass index, blood lipids, blood glucose, and blood

pressure, with a favorable level defined as a Life’s Essential 8 score > 80

a 23% higher 10-year and lifetime risk of CVD (HR 1.23,
95% CI 1.15 to 1.31) compared to normotensive controls
(Additional file 1: Table S5). The population-attributable
risk of new-onset hypertension for CVD risk was 8.90%
(95% CI4.90-12.8%). Additionally, adults with new-onset
hypertension tended to have a higher risk of CHD, heart
failure, and stroke compared to normotensive controls.

Modifiable factors and attenuated hypertension-related
risk of CVD

Examining modifiable factors individually, participants
with unfavorable diet health, nicotine exposure, physi-
cal activity, sleep health, BMI, blood lipids, and blood
glucose appeared to have a relatively high risk of CVD
compared with normotensive controls (Additional file 1:



Wu et al. BMC Medicine (2025) 23:80

Table S6). Integrating the modifiable factors, an increas-
ing number of favorable factors was associated with a
stepwise decrease in CVD risk among adults with new-
onset hypertension (P-trend <0.05, Fig. 2 and Additional
file 1: Table S7). The 10-year CVD risk, adjusted for age
and sex, was 9.48% (95% CI 8.91-10.08%) for those with
one or fewer favorable factors, decreasing to 7.87% (95%
CI 7.29-8.50%) with two factors, 6.45% (95% CI 5.95—
7.00%) with three, and 5.19% (95% CI 4.56-5.92%) with
four or more factors, compared to 5.52% (95% CI 5.29%—
5.76%) in normotensive controls.

Compared to normotensive controls, the 10-year CVD
risk increased by 53% (HR 1.53, 95% CI 1.41-1.67) for
individuals with new-onset hypertension and one or
fewer favorable factors and by 25% (HR 1.25, 95% CI
1.15-1.37) for those with two favorable factors, after
adjusting for age, sex, education level, marital status,
work environment, family history of CVD, and antihy-
pertensive treatment (Table 2). However, those with three
favorable factors (HR 1.03, 95% CI 0.93 to 1.14) and four
or more favorable factors (HR 0.83, 95% CI 0.72 to 0.97)
did not have a significantly higher 10-year risk of CVD.

Those with three favorable factors (HR 1.06, 95% CI
0.96-1.17) and four or more favorable factors (HR 0.90,
95% CI 0.78-1.05) did not exhibit a significantly higher
lifetime risk of CVD. Analysis of differences in areas
under the survival curves revealed that individuals with
new-onset hypertension and four or more favorable fac-
tors had 2.76 additional CVD-free years compared to
normotensive controls. Furthermore, those with new-
onset hypertension and four or more favorable factors
did not have a higher risk of CHD, heart failure, or stroke
compared to normotensive controls (Additional file 1:
Table S8).
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Having more favorable factors was consistently associ-
ated with a lower risk of CVD in both early-onset hyper-
tension (before age 45) and later-onset hypertension
(age 60 or older) (Fig. 3 and Additional file 1: Table S9).
However, the magnitude of risk reduction was less pro-
nounced among adults with early-onset hypertension
(P-interaction: 0.002). Compared to normotensive con-
trols, adults with early-onset hypertension and three
favorable factors had a 45% higher 10-year relative risk
of CVD (HR 1.45, 95% CI 0.92—2.29). In contrast, adults
with later-onset hypertension showed no significant dif-
ference in 10-year relative CVD risk (HR 1.00, 95% CI
0.86-1.16). Furthermore, no significant interaction was
observed between the number of favorable factors and
sex about either 10-year or lifetime CVD risk (Addi-
tional file 1: Table S10, all P-interaction>0.2). Addition-
ally, the risk reduction associated with favorable factors
was attenuated in individuals with BP >160/100 mmHg
(Additional file 1: Table S11, P-interaction: 0.07 for
10-year risk; 0.04 for lifetime risk).

The association between having more favorable fac-
tors and a lower hypertension-related risk of CVD
remained robust across several sensitivity analyses
(Additional file 1: Table S12). These analyses included
reintroducing participants with missing data through
multiple imputations, excluding individuals classified
as underweight, excluding outcome events occurring
within the first 3 months of follow-up, restricting the
analysis to individuals whose hypertension status was
confirmed by a check-up survey within a 2-year win-
dow, redefining hypertension and normal BP accord-
ing to ACC/AHA guidelines, excluding participants
receiving antihypertensive medications at base-
line, further adjusting for BP and antihypertensive

Table 2 Compared with normotensive controls, adjusted cardiovascular disease risk among participants with new-onset hypertension

based on the number of modifiable factors at favorable levels

Items

Population(case) Incidence(/100pys) 10-year risk (%)

10-year HR Lifetime risk (%) Lifetime HR

Normotensive control 29,597(1768)

HPT with 0-1 favorable 9407(896)
factor
HPT with 2 favorable factors ~ 9972(824)
HPT with 3 favorable factors ~ 7139(509)
HPT with >4 favorable 3079(194)
factors

P value for the trend -

0.66(0.64 to 0.68)
1.11(1.06 to 1.16)

0.95(0.91 to 1.00)
0.81(0.77 t0 0.87)
0.72(0.65t0 0.79)

5.77(5.49 10 6.07)
8.72(8.22109.24)

7.17(6.72 t0 7.65)
5.91(540 to 6.48)
483(4.22105.52)

1(ref)
1.53(141t0 1.67)

1.25(1.15 t0 1.37)
1.03(0.93 to 1.14)
0.83(0.72 10 0.97)

<0.001

1(ref)
1.45(1.33t0 1.59)

35.19(33.28 t0 37.21)
46.80(44.11 t0 49.65)

41.90(39.39 to 44.57)
36.85(34.33 t0 39.56)
32.35(28.83 t0 36.30)

1.25(1.15 t0 1.37)
1.06(0.96 to 1.17)
0.90(0.78 to 1.05)

- <0.001

Abbreviations: HPT Denotes new-onset hypertension. Population(case) indicates population size with case number. HR denotes hazard ratio

The 10-year risk and lifetime risk were adjusted for age (continuous), sex (male or female), education level (<9 or >9 years), marital status (married or not), work
environment (mine or not), family history of cardiovascular diseases (present or absent)

Modifiable factors include diet, nicotine exposure, physical activity, sleep, body mass index, blood lipids, blood glucose, and blood pressure, with a favorable level

defined as a Life's Essential 8 score > 80

The P value for the trend assessed the linear effect of the number of favorable factors on CVD risk among adults with new-onset hypertension
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ltems 10-year risk(%) Risk difference(%) Hazard ratio
Onset age < 45 years

Normotensive control 1.02(0.81 to 1.29) O(ref.) 130

HPT with 0-1 favorable factor 2.87(2.14 to 3.86) 1.85(1.21 to 2.48) —

HPT with 2 favorable factors 1.99(1.46t0 2.69)  0.96(0.42 to 1.50) —

HPT with 3 favorable factors 1.48(0.97 to 2.26) 0.45(-0.12 to 1.03) l—1‘5—{

HPT with 24 favorable factors 0.82(0.35t0 1.92)  -0.21(-1.01t0 0.60)  +—#——
Onset age 45 to 60 years

Normotensive control 5.96(5.55t0 6.40)  O(ref.) "

HPT with 0-1 favorable factor 8.62(7.87 to 9.44)  2.66(1.80 to 3.53) -

HPT with 2 favorable factors 7.39(6.70 to 8.16) 1.44(0.58 t0 2.29) ?.2§|

HPT with 3 favorable factors 6.29(5.49 to 7.21) 0.33(-0.65 to 1.32) ?:"ﬂ

HPT with >4 favorable factors 5.34(4.31106.61)  -0.62(-2.05 to 0.81) F
Onset age 2 60 years

Normotensive control 12.00(11.20 to 12.85)  O(ref.) "

HPT with 0-1 favorable factor 15.24(13.79 to 16.84) 3.25(1.45 to 5.04) i

HPT with 2 favorable factors 14.05(12.69 to 15.56) 2.05(0.40 to 3.71) i

HPT with 3 favorable factors 11.96(10.51 to 13.61) -0.04(-1.82 to 1.74) [P

0.85

HPT with 24 favorable factors

10.28(8.76 to 12.06)

-1.72(-4.08 to 0.63)

05 10 15 20 25

Fig. 3 Adjusted cardiovascular disease (CVD) risk according to favorable factors number in adults with new-onset hypertension, compared

to normotensive controls, stratified by hypertension onset age, HPT denotes new-set hypertension. Error bars represent 95% confidence intervals,
and dashed lines depict the risk of CVD among normotensive controls. The 10-year risk was adjusted for age (continuous), sex (male or female),
education level (<9 or =9 years), marital status (married or not), work environment (mine or not), family history of cardiovascular diseases (present
or absent), and antihypertensive treatment (yes or no). Modifiable factors include diet, nicotine exposure, physical activity, sleep, body mass
index, blood lipids, blood glucose, and blood pressure, with a favorable level defined as a Life's Essential 8 score> 80. The Pvalue for interaction
between favorable factors status and hypertension onset age concerning the 10-year risk of cardiovascular disease was 0.002

treatment during follow-up, and accounting for follow-
up changes in favorable factors. Moreover, in addition
to the baseline number of modifiable factors at favora-

ble levels associated with CVD risk, improvements in

these factors during the follow-up period were also
associated with a reduced CVD risk (Additional file 1:
Table S13).
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Discussion

In this large prospective community cohort, we iden-
tified 29,597 new-onset hypertension cases matched
with normotensive controls of the same age and sex.
Over a median follow-up of 9.81 years, individuals with
new-onset hypertension had a 23% higher risk of CVD
compared to controls. However, those maintaining four
or more favorable factors showed no excess CVD risk.
This protective effect remained robust across various
sensitivity analyses, underscoring the importance of
optimizing modifiable factors even after hypertension
onset. Notably, young adults under 45 with new-onset
hypertension may require more aggressive strategies to
mitigate elevated CVD risk.

Consistently, a recent study pooled data from
1,518,028 individuals across 112 cohort studies, con-
cluding that 57.2% of CVD cases in women and 52.6%
in men could be attributed to five modifiable risk fac-
tors: BMI, systolic BP, nHDL-c, smoking, and diabetes
[8]. Our study, however, focused specifically on adults
with new-onset hypertension. We additionally included
salt consumption, physical activity, and sleep as modifi-
able factors, recognizing their strong association with
hypertension and cardiovascular health [12]. Based on
these modifiable factors, the AHA developed the LE8
to assess and promote cardiovascular health [22]. Our
study utilized the LES8 factors and found that maintain-
ing four or more at favorable levels can mitigate the
excess CVD risk associated with new-onset hyperten-
sion. In addition, our findings are partly supported by
the results among patients with diabetes [35, 36], where
the excess diabetes-related risk of CVD was decreased
with increasing degrees of risk factor control.

Data from the UK Biobank investigated the associa-
tion between controlling BP, BMI, low-density lipopro-
tein cholesterol, hemoglobin Alc, albuminuria, smoking,
and physical activity with heart failure risk [9]. This study
found that hypertensive adults who controlled six risk
factors had a lower heart failure risk than non-hyper-
tensive controls (HR 0.79; 95% CI 0.67—0.94). Our study
observed that adults with new-onset hypertension and
four favorable factors had a lower 10-year heart failure
risk (HR 0.73; 95% CI 0.54—1.01) than normotensive con-
trols. Differences in the specific modifiable factors, selec-
tion criteria for hypertension and control groups, and
racial or ethnic backgrounds might account for the differ-
ing number of factors needed to mitigate hypertension-
related risk. Because hemoglobin Alc and albuminuria
are not routinely included in health check-ups, we used
the LE8 factors endorsed by the AHA [22]. Additionally,
our study focused on adults with new-onset hyperten-
sion, who likely have a lower risk of heart failure due to
the shorter disease duration.
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Our findings align with prior research indicating that
maintaining favorable levels of modifiable factors corre-
lates with reducing the long-term risk of CVD. Lifetime
risk offers a more comprehensive perspective on the
cumulative burden of CVD over an individual’s lifespan,
particularly for younger individuals. While their 10-year
risk may appear low due to age, they can still face sig-
nificant long-term risk if modifiable factors remain unfa-
vorable. A meta-analysis of data from 18 cohort studies
involving 257,384 individuals revealed that individuals
having a favorable risk-factor profile experienced mark-
edly lower risks of death from CVD between 50 and 80
years than participants with two or more major risk fac-
tors (4.7% vs. 29.6% among men, 6.4% vs. 20.5% among
women) [37]. In addition, a Framingham Heart Study,
encompassing 3564 men and 4362 women, reported
substantially lower lifetime risks (5.2% versus 68.9% in
men, 8.2% versus 50.2% in women) for participants with
favorable levels compared to those with two or more risk
factors [38]. Our study contributes empirical evidence
regarding the impact of modifiable factors, particularly
among adults with new-onset hypertension. Further-
more, our research demonstrates that adults with new-
onset hypertension and four or more favorable factors
had a comparable lifetime risk of CVD to normotensive
controls.

Early-onset hypertension is consistently associated
with a higher relative risk of CVD, as shown in previous
studies [39-41]. A recent meta-analysis indicated that
while the absolute risk of adverse outcomes from high
BP is low at a young age, the relative risk is significantly
elevated; in contrast, absolute risk increases, and relative
risk diminishes with age [42]. Although adults with early-
onset hypertension have a lower absolute 10-year CVD
risk compared to those with later-onset hypertension,
their lifetime risk highlights a concerning overall risk tra-
jectory. Our study found that more favorable modifiable
factors were associated with reduced CVD risk among
individuals with early-onset hypertension. However, the
effect was less pronounced than in those with later-onset
hypertension. Given the rising prevalence of early-onset
hypertension over the past three decades [43, 44] and
limited awareness of the heightened lifetime CVD risk
[45], we stress the urgent need to promote intensive life-
style interventions in this population.

Our study found that only 10.4% of adults with new-
onset hypertension had four or more favorable factors
outlined in LE8. This prevalence aligns with findings
from previous studies [21, 46, 47]. For example, an analy-
sis of National Health and Nutrition Examination Survey
(NHANES) data from 2003 to 2008 in the USA revealed
that only 1% of adults met the ideal levels for all seven
metrics in Life’s Simple 7 [46]. Similarly, NHANES data
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from 2013 to 2018 indicated that overall cardiovascu-
lar health in the US population remains suboptimal, as
assessed by LE8 [47]. Given the substantial global surge
in hypertension prevalence, particularly in China, where
rates range from 23 to 45% [45, 48], our findings under-
score a significant public health opportunity. Since a
more favorable factor profile is associated with lower
CVD risk, improving these factors over time has been
shown to reduce CVD risk, underscoring the importance
of dynamic management. We recommend initiatives
focused on managing these modifiable factors among
adults with hypertension. Additionally, since improve-
ments in CVD risk among hypertension patients cannot
be solely attributed to the traditional risk factors assessed
in our study, it is essential to evaluate non-traditional risk
factors to manage individuals with hypertension effec-
tively [49].

Limitations

In our study, several limitations merit consideration.
First, we determined participants’ hypertension status by
measuring their BP multiple times and inquiring about
their use of antihypertensive medications. We did not
differentiate between essential and secondary hyperten-
sion. However, since only 5 to 10% of hypertension cases
are secondary [50], this likely had minimal impact on
our results. Second, we adapted the LE8 algorithm to fit
our data—for example, using salt consumption to assess
dietary health. Nonetheless, we implemented stringent
quality control measures and observed robust outcomes
across various sensitivity analyses, consistent with previ-
ous studies [10]. Third, we could not completely rule out
residual and unmeasured confounders such as genetic
predisposition, medication use, and psychological status.
Lastly, our study population predominantly consisted of
employees and retirees of the Kailuan Group Company,
with a higher proportion of males, which may limit the
generalizability of our findings. However, this homoge-
neity may reduce unmeasured confounding and enhance
internal validity concerning factors like healthcare access,
surveillance bias, structural influences, and self-reported
health behaviors.

Conclusions

Our study demonstrates that adults with new-onset
hypertension have higher 10-year and lifetime risks of
CVD compared to normotensive controls. These excess
risks are eliminated when individuals maintain four or
more favorable factors. This finding underscores the
critical importance of proactive lifestyle interventions,
particularly for adults with early-onset hypertension, to
mitigate elevated CVD risk.
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