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ORIGINAL ARTICLE

Association of Cardiovascular Health Score 
Trajectory With Incident Myocardial Infarction in 
Hypertensive Patients
Zegui Huang ,* Zekai Chen,* Xianxuan Wang, Xiong Ding, Zefeng Cai, Weijian Li , Zhiwei Cai , Yulong Lan ,  
Guanzhi Chen, Wei Fang, Shouling Wu , Youren Chen

BACKGROUND: The association between changes in cardiovascular health score (CHS) over time and myocardial infarction (MI) 
risk in hypertensive patients remains unclear.

METHOD: This was a prospective study comprising 17 374 hypertensive patients from the Kailuan study cohort who underwent 
3 surveys and were identified to be free of MI, stroke, or cancer from 2006 to 2010. CHS consisted of 7 cardiovascular 
health metrics (plasma glucose, total cholesterol, blood pressure, smoking, body mass index, physical activity, salt intake), 
ranging from 0 (worst) to 13 (best) in the study. CHS trajectories were developed during 2006 to 2010 to predict the MI risk 
from 2010 to 2020. Additionally, the Cox proportional hazard model was established to calculate the hazard ratio and 95% 
CI of incident MI in different trajectory groups.

RESULT: This study identified the 5 CHS trajectories from 2006 to 2010: low-stable (n=1161; range, 4.7–4.5), moderate-
decreasing (n=3928; decreased from 6.9 to 6.0), moderate-increasing (n=1014; increased from 5.6 to 7.8), high-stable I 
(n=7940; range, 8.1–8.2), and high-stable II (n=3331; range, 9.2–9.7). During the median follow-up of 10.04 years, 288 
incident MI cases were identified. After adjusting for potential confounders, compared with low-stable group, the hazard 
ratio and 95% CI of MI were 0.24 (0.15–0.40) for high-stable II, 0.36 (0.24–0.54) for high-stable I, 0.46 (0.25–0.83) for 
moderate-increasing, and 0.61 (0.41–0.90) for moderate-decreasing, respectively.

CONCLUSIONS: In hypertensive patients, high-stable CHS or improvement in CHS is associated with a lower risk of incident 
MI, when compared with low-stable CHS trajectory over time. (Hypertension. 2022;79:2622–2630. DOI: 10.1161/
HYPERTENSIONAHA.122.19633.) • Supplemental Material

Key Words: cardiovascular diseases ◼ cohort studies ◼ hypertension ◼ myocardial infarction

Cardiovascular disease (CVD) is the leading cause 
of mortality and disability worldwide, accounting 
for 18.6 million deaths and 34.4 million years lived 

with disability in 2019.1 As the most severe subtype 
of CVD, myocardial infarction (MI) contributed to >2.4 
million deaths in America and > 4 million deaths in 
Europe and northern Asia annually.2 Concordantly, the 
economic burden of MI is tremendous, which resulted 
in high US hospitalization costs amounting to around 

14.3 billion dollars for 662 000 hospital stays in 2017.3 
Patients with MI are often found to have a history 
of hypertension when they are screened. There is a 
high prevalence of hypertension among patients with 
MI, with 30% to 40% in ST-elevation MI and 70% to 
75% in non-ST elevation acute myocardial infarction.4 
Hypertension, as the main risk factor for MI, combined 
with 8 other modifiable risk factors, accounts for over 
90% of the risk for MI.5 Meanwhile, hypertension is 
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independently associated with adverse cardiac out-
comes followed by acute MI.6,7 Therefore, compared 
with the normal population, hypertensive population 
should be more mindful of the risks of MI. The pre-
vention of MI in the hypertensive population has also 
gained increasing attention.

Previous studies have found that in addition to con-
trolling blood pressure,8 healthy lifestyle behaviors 
such as quitting smoking, physical activities, and los-
ing weight also reduce the occurrence of incident MI in 
hypertensive patients.9,10 In 2010, the American Heart 
Association proposed 7 cardiovascular health metrics 
to promote the primordial prevention of CVD. The car-
diovascular health metrics consists of 4 cardiovascular 
risk modifiable health behaviors (smoking, body mass 
index, physical activities, and diet) and 3 biological fac-
tors (blood pressure, fasting plasma glucose, and total 
cholesterol).11 The cardiovascular health scores (CHSs) 
were created according to the individual level (ideal, 
intermediate, or poor) of each health metric to assess 
the cardiovascular status of the population.12 Plenty of 
evidence has proved that higher CHS was associated 
with a lower risk of MI in both the general population 
and hypertensive patients.13–15 However, the past stud-
ies only stressed the association between single CHS 
and MI risk while the longitudinal association between 
changes in CHS over time and MI risk in hypertensive 
patients was not examined.

We hypothesize that the maintenance of high CHS 
over time reduces MI risk in individuals with hypertension 

and changes in CHS could alter MI risk. Based on this 
hypothesis, we used CHS trajectory patterns collected 
over 4 years from the Kailuan study cohort (Registration 
Number: CHICTR-TNRC-11001489) to investigate the 
association between the trajectory of CHS and MI risk in 
hypertensive patients.

METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Availability of Data and Materials
The datasets used and analyzed during the current study are 
available from the corresponding author upon reasonable 
request.

Ethics Approval and Consent to Participate
The study was performed according to the guidelines of the 
Helsinki Declaration and was approved by the Ethics Committee 
of Kailuan General Hospital (Approval Number: 2006-05) All 
participants were agreed to take part in the study and provided 
informed written consent.

Study Design and Participants
The Kailuan study is a community-based, prospective cohort 
study conducted in Tangshan, China. The specific study design 
and methodology have been introduced previously.16,17 From 
2006 to 2007, the retiree and employee of the Kailuan Group 
were recruited to participate in the baseline survey and were 
with a follow-up every 2 years thereafter. Comprehensive 
health evaluations were conducted and questionnaires were 
used to collect demographic attributes, medication history, and 
lifestyle habits (eg, salt consumption, smoking, drinking status, 
and physical exercises). We enrolled 57 914 participants who 
consecutively participated in the 2006 to 2007, 2008 to 2009, 
and 2010 to 2011 surveys of the Kailuan study. Among them, 
23 057 hypertensive individuals were identified in the baseline 
survey (2006–2007). In addition, hypertensive patients with 
missing CHS data, or with MI, stroke or cancer in the 2006, 
2008, or 2010 surveys were excluded. The flowchart about 
the process of selecting participants was shown in Figure 1. 

Nonstandard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities
BP blood pressure
CHS cardiovascular health score
CVD cardiovascular disease
HR hazard ratio
MI myocardial infarction

NOVELTY AND RELEVANCE

What Is New?
This is the first large prospective study with 10 years 
follow-up to examine the association of cardiovascular 
health score trajectory and myocardial infarction risk in 
hypertensive patients.

What Is Relevant?
Five distinct cardiovascular health score trajectory dur-
ing 2006 to 2010 were identified to predict myocardial 

infarction risk from 2010 to 2020 among hypertensive 
patients.

Clinical/Pathophysiological Implications
High-stable or improvement in cardiovascular health 
score is associated with a lower risk of myocardial infarc-
tion in hypertensive patients. These findings highlight the 
importance of taking primordial approaches to promote 
and maintain long-term healthy cardiovascular status in 
hypertensive patients.
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The trajectories were established using the consecutive and 
complete CHS data from 2006 to 2010. With follow-up start-
ing in 2010, we observed and collected the incidence of MI in 
hypertensive patients until 2020. This study was carried out 
following the Declaration of Helsinki and was approved by the 
Ethics Committee of Kailuan General Hospital. All participants 
offered written informed consent.

Data Collection
All participants underwent baseline and follow-up health 
assessments in 11 hospitals in the Kailuan community. Height 
and weight data were collected in the physical examination. A 
standard right-angle device was used to measure the height 
to the nearest 1 cm, and weight was measured to the near-
est 0.1 kg with a spring balance, with participants shoeless 
and wearing light clothes. body mass index was calculated 
with the formula of weight/height2 (kg/m2). Blood samples 
were collected from the antecubital vein in the morning after 
an overnight fast. The biochemical indicators, such as total 
cholesterol, fasting plasma glucose, and hs-CRP (high-sen-
sitivity C-reactive protein) were evaluated with an automatic 
analyzer (Hitachi 747, Tokyo, Japan) located in the central 
laboratory of the hospital.

Definition of Hypertension
According to the recommendations of the Seventh Report 
of the Joint National Committee, the criteria for diagnosis 
of hypertension are blood pressure (BP) measurement of 
≥140/90 mm Hg, self-reported physician diagnosis or the 
use of antihypertensive medication.18 BP measurements and 

questionnaires were conducted by trained physicians. In a 
seated posture, the BP of participants was measured at least 
twice in the right upper arm with a calibrated mercury sphyg-
momanometer. BP was then measured again if the difference 
between the 2 measurements was ≥5 mmHg. The average 
value of the BP measurements was applied for hypertension 
diagnosis.

Assessment of the CHS
The cardiovascular health metrics adopted in this study 
were similar to those proposed by the American Heart 
Association11 but with some modifications added according 
to the specific circumstances of the Kailuan study. Owing to 
the lack of healthy diet data in the early stage of Kailuan study 
and considering the strong association between salt intake 
and risk of hypertension and CVD in Chinese population,19,20 
salt intake was applied as a surrogate measure for a healthy 
diet. We assessed salt intake by asking participants to rate 
their habitual daily salt intake as low, moderate, or high in the 
questionnaire. Low was defined as <6 g/d, moderate as 6 
to 10 g/d, and high as >10 g/d, as described previously.21 
Regarding the BP component, we assigned a BP score equal 
to 1 in the controlled group and a BP score of 0 in the uncon-
trolled group, depending on whether BP was controlled or not. 
The classification of poor (0 points), intermediate (1 point), 
and ideal (2 points) were assigned to each component of the 
other cardiovascular health metrics, as shown in Table S1. The 
CHS was on a 14-point scale in the general population, but 
the total CHS varied from 0 (worst) to 13 (best) in this study 
since all participants had hypertension.

Figure 1. Flow chart of inclusion and 
exclusion.
The flowchart of 17 374 hypertensive 
patients included in the final analysis.
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Outcome Assessment: Myocardial Infarction
The primary outcome of this study is the first occurrence of 
MI. The ICD-10 revision codes were applied to confirm MI 
(I21).22,23 MI diagnosis data were retrieved from 11 hospital 
discharge registers and municipal social insurance institutions 
of the Kailuan Group. Annual discharge records were collected 
and reviewed by an expert team of 3 experienced physicians 
and were updated annually during the follow-up period. MI 
was diagnosed by the presence of clinical symptoms, ECG 
and dynamic changes of cardiac enzymes in patients in accor-
dance with the WHO diagnostic criteria.24 Follow-up was con-
ducted with all participants until incident MI diagnosis, death or 
December 31, 2020, whichever came first.

Statistical Analysis
The CHS trajectories from 2006 to 2010 in hypertensive 
patients were identified using the latent mixture modeling 
within the PROC TRAJ procedure, as mentioned previously.25,26 
The number of participants in each trajectory (>5% of the 
overall population) and the Bayesian information criterion were 
used to assess the model fit. The model with 5 patterns was 
identified as the best fit.

Continuous, normally distributed variables were shown as 
the mean±SD, and continuous variables with a skewed distri-
bution were considered to be the median with an interquartile 
range (25%–75%). Number and percentage (%) were used to 
describe categorical variables. The Kruskal-Wallis test or the 
ANOVA was conducted to contrast the continuous variables 
based on the distribution while the χ2 test was conducted to 
analyze the categoric variables. The incidence rate was calcu-
lated by dividing the number of events by the total person-years 
of follow-up and presented as events per 1000 person-years. 
Furthermore, with the proportional hazard assumption was sat-
isfied, the Cox proportional hazard models were developed to 
analyze the hazard ratio and 95% CI of incident MI of other 
trajectories groups in contrast with the low-stable group. Model 
1 was adjusted for sex and age, while further adjustments 
were made for heart rate, hs-CRP, education level (elemen-
tary school or below, high school, or college or above), drinking 
status (never, past, or current), and antihypertensive drugs in 
Model 2. Moreover, multiple imputations by chained equations27 
were utilized to impute the missing value of covariates, and 
the details of the missing covariates were shown in Table S2. 
Additionally, subgroup analyses were stratified by sex and age 
(<65 versus ≥65 years).

The robustness of the results was evaluated by conduct-
ing several sensitivity analyses. First, additional adjustments 
were made for CHS in 2006 and CHS in 2010, respectively 
to evaluate whether this relationship can be interpreted by a 
single CHS during the follow-up. Second, taking account of 
the influence of reverse causality, MI events that occur in the 
first year of follow-up were excluded. Third, we repeated the 
analysis without multiple imputation of covariates given that 
the impact of imputed data on the results. Finally, consider-
ing that salt intake was a substitute for a healthy diet, and its 
effect on results, we conducted a sensitivity analysis of exclud-
ing the salt intake from the component of the CHS score. SAS 
9.4 (SAS Institute, Inc, Cary, NC) software was used in this 
study to perform statistical analysis, where P<0.05 (2-sided 
test) was deemed to have statistical significance.

RESULTS
Baseline Characteristics
A total of 17 374 hypertensive participants were included 
in the analyses. The mean (SD) age of the population was 
56.11±11.01 years with 14 362 (82.66%) male and 3012 
(17.34%) female participants. In the current study, 5 distinct 
trajectory patterns were confirmed by latent mixture mod-
eling according to the CHS changes from 2006 to 2010 
(Figure 2): Low-stable (n=1161; mean CHS range, 4.7–
4.5 during 2006–2010), moderate-decreasing (n=3928; 
mean CHS decreased from 6.9 in 2006 to 6.0 in 2010), 
moderate-increasing (n=1014; mean CHS increased from 
5.6 in 2006 to 7.8 in 2010), high-stable I (n=7940; mean 
CHS range, 8.1–8.2 during 2006–2010), and high-stable II 
(n=3331; mean CHS range, 9.2–9.7 during 2006–2010). 
The basic characteristics of 17 374 hypertensive patients 
based on the trajectories of CHS from 2006 to 2010 are 
shown in Table 1. The patients in the high-stable II group 
are featured with a lower proportion of current drinking and 
the use of antihypertensive drugs, a lower systolic blood 
pressure, diastolic blood pressure, heart rate, and hs-CRP 
as well as a high education level than the others.

Incident Myocardial Infarction
Within the median follow-up of 10.04 years, 288 cases 
with incident MI were identified. The incidence rate of MI 
is illustrated in Table 2. After adjusted for potential con-
founders, the hazard ratio and 95% CI of MI in the high-
stable II was 0.24 (0.15–0.40), 0.36 (0.24–0.54) for 
high-stable I, 0.46 (0.25–0.83) for moderate-increasing, 
and 0.61 (0.41–0.90) for moderate-decreasing, respec-
tively, when compared with low-stable group.

Subgroup and Sensitivity Analysis
The results from the subgroup analysis were presented in 
Table 3. There was no significant interaction between the 
CHS trajectories and age and sex. However, in the age 
≥65 years old or male group, the associations between 
subsequent MI risk and CHS trajectories seemed to be 
more distinct. After making additional adjustment for 
the CHS in 2006 or 2010, the results did not change 
substantially (Tables S3 and S4). Moreover, the results 
obtained after eliminating MI events of the first year of 
follow-up were similar to the main results (Table S5). In 
addition, the results from analyses that did not perform 
multiple imputation for covariates, or excluded salt intake 
from the components of CHS, were still consistent with 
those of the primary analysis (Table S6 and S7).

DISCUSSION
In this prospective study of 17 374 hypertensive par-
ticipants, we identified 5 distinct CHS patterns that 
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correlated to altered MI risk by using trajectory mod-
eling. The primary results showed that as compared 
with the low-stable CHS, hypertensive patients with 
the highest CHS over 4 years had a 76% lower risk of 
incident MI, independent of the baseline CHS. In addi-
tion, the improvement in CHS over time was also asso-
ciated with a lower MI risk in hypertensive patients. 
These findings were robust among the subgroup and 
sensitivity analyses.

To the best of our knowledge, there are currently 
no studies that evaluated the relationship between 
changes in CHS and the risk of MI in individuals 
with hypertension. A nationwide prospective cohort 
study conducted across mainland China reported that 
hypertensive patients with more ideal cardiovascular 
health metrics have significantly reduced incidents 
of CVD.15 In another prospective study with the par-
ticipation of 5488 hypertensive patients, Ying et al28 
found that an increased number of ideal cardiovas-
cular health metrics was inversely related to the risk 
of ischemic stroke in participants with hypertension. 
However, only the baseline cardiovascular health 
metrics was regarded as exposure of interest and the 
subsequent changes in cardiovascular status were 
ignored in their studies. In contrast to previous stud-
ies, the CHS trajectory over 4 years was used to rep-
resent changes in cardiovascular status, indicating 
that hypertensive patients who maintained high CHS 
had a lower risk of MI incidence, relative to those 
with a consistently low CHS. In the general popula-
tion, Danielle et al29 utilized data from the Framing-
ham Offspring Study to demonstrate the odd ratios 

of CVD in the low-low CHS group, which is 1.90 
(1.51–2.39) when compared with the high-high CHS 
group. The report from the ARIC (Atherosclerosis 
Risk in Communities) study has also found that the 
hazard ratio of CVD was 0.26 (0.20–0.34) in those 
with ideal cardiovascular status at both measures30 
in contrast with individuals with poor cardiovascular 
status at both visits, indirectly supporting our findings 
in hypertensive patients.

We also observed that hypertensive patients who 
started with low CHS but have an improved CHS over 
time, have a lower risk of MI when compared with low-
stable CHS. Using the data from the ARIC study, Amil 
et al31 reported that improvements in ideal CV health 
throughout mid- to late-life were associated with lower 
CVD prevalence when reaching elderly age. Bamba et 
al30 showed that improving from poor to intermediate/
ideal cardiovascular status has an association with a 
lower risk of CVD in the general population. These 
results are in line with the findings in hypertensive 
patients, suggesting that if the cardiovascular status is 
poor in the beginning but improves later, is associated 
with a lower risk of MI. Higher CHS is associated with 
higher levels of cardioprotective biomarkers but lower 
concentrations of pro-atherosclerotic, neurohormonal, 
and cardiac stress biomarkers.32 Furthermore, the 
improvements in the CHS are also greatly related to 
the lower atherosclerosis progression and greater car-
diovascular structure and function.31,33 These obser-
vations may reveal potential biological mechanisms 
showing the relationship between the CHS change 
and MI risk.

Figure 2. Mean Cardiovascular Health Score in 2006, 2008, and 2010 in Hypertensive Patients, according to 5 Cardiovascular 
Health Score Trajectory Patterns.
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The significance of this study is to contribute to 
the current database with evidence that maintain-
ing a high CHS or an improvement in CHS has an 
inverse association with the MI risk in the hyperten-
sive population. Although the mortality rate caused by 
MI has decreased due to the development of modern 
medicine, it is still a major contributor to global death 
and disability.34 The reports from the Chinese Health 
Examination Database35 and the National Health 
and Nutrition Examination Survey36 have discovered 
that only a few people have achieved ideal cardio-
vascular health metrics whereas most people have 
poor cardiovascular statuses. It is noteworthy that the 
cardiovascular status of people with hypertension is 
poorer than the general population, potentially lead-
ing to a higher incidence of MI. Health interventions 
such as losing weight, quitting smoking, and staying 
physically active are associated with lower risk of 
MI in individuals with hypertension.9,10 However, the 

effective prevention of MI requires long-term mainte-
nance of a healthy cardiovascular state.37 Our previ-
ous work showed that the incidence rate of MI in the 
general population was 1.15/1000 person-years.38 In 
this study, we found that the incidence rates of MI 
decreased from 3.27/1000 person-years in the low-
stable CHS group to 1.09/1000 person-years in the 
high-stable II group in hypertensive patients. The 
above indicated that if hypertensive patients maintain 
an ideal cardiovascular status for a long time, they 
may even obtain a lower incidence rate of MI than 
general people. In light of this, our findings provided 
new evidence regarding the control and management 
of MI risk in hypertensive patients.

STRENGTHS AND LIMITATIONS
This is the first large prospective study with a dura-
tion of follow-up to 10 years exploring the association 

Table 1. Baseline Characteristics of 17 374 Hypertensive Patients According to the Trajectories of CHS From 2006 to 2010

Variables Low-stable 
Moderate-
decreasing 

Moderate- 
increasing High-stable I High-stable II P Value 

Participants n (%) 1161 (6.68) 3928 (22.61) 1014 (5.84) 7940 (45.70) 3331 (19.17) …

Age, y 52.22±8.91 55.02±10.27 53.95±9.99 56.76±11.08 57.87±11.99 <0.01

Male n (%) 1120 (96.47) 3463 (88.16) 970 (95.66) 6496 (81.82) 2313 (69.44) <0.01

Heart rate, beats/min 78.72±11.71 76.37±11.33 75.26±11.13 74.27±10.93 72.96±10.56 <0.01

SBP, mm/Hg 145.83±18.64 145.34±1855 139.70±19.03 141.17±19.19 135.17±18.72 <0.01

DBP, mm/Hg 93.62±11.07 91.89±10.80 89.15±10.45 89.30±10.53 85.42±10.13 <0.01

hs-CRP, mmol/L 1.70 (0.90–3.80) 1.44 (0.66–3.40) 1.30 (0.60–3.17) 1.08 (0.36–2.65) 0.90 (0.30–2.08) <0.01

Education n (%) <0.01

 Elementary school or below 105 (9.04) 391 (9.95) 73 (7.20) 652 (8.21) 270 (8.11)  

 High school 987 (85.01) 3307 (84.19) 899 (88.66) 6844 (86.20) 2832 (85.02)  

 College or above 69 (5.94) 230 (5.86) 42 (4.14) 444 (5.59) 229 (6.87)  

Drinking status n (%) <0.01

 Never 389 (33.51) 1911 (48.65) 665 (65.58) 5597 (70.49) 2816 (84.54)  

 Past 6 (0.52) 29 (0.74) 6 (0.59) 51 (0.64) 12 (0.36)  

 Current 766 (65.98) 1988 (50.61) 343 (33.83) 2292 (28.87) 503 (15.10)  

 Antihypertensive drugs n (%) 388 (33.42) 1139 (29.01) 183 (18.05) 1458 (18.36) 519 (15.58) <0.01

 CHS at 2006 4.60±1.23 6.89±1.18 5.35±1.16 8.12±1.16 9.39±1.04 <0.01

 CHS at 2010 4.45±1.30 6.01±1.06 8.09±0.98 8.27±1.19 9.97±1.05 <0.01

CHS indicates cardiovascular health score; DBP, diastolic blood pressure; hs-CRP, high-sensitivity C-reactive protein; and SBP, systolic blood pressure.

Table 2. The HRs of Myocardial Infarction in Hypertensive Patients According to Trajectories of CHS 
From 2006 to 2010

 Low-stable 
Moderate- 
decreasing 

Moderate- 
increasing High-stable I High-stable II 

Case/total 36/1161 85/3928 17/1014 115/7940 35/3331

IR 3.27 2.28 1.75 1.52 1.09

Model 1 1 (reference) 0.62 (0.40–0.91) 0.49 (0.28–0.87) 0.37 (0.25–0.57) 0.27 (0.16–0.42)

Model 2 1 (reference) 0.61 (0.41–0.90) 0.46 (0.25–0.83) 0.36 (0.24–0.54) 0.24 (0.15–0.40)

Model 1 adjusted for age, sex; Model 2 adjusted for heart rate, hs-CRP, drinking status, education level, anti-hypertensive drugs on 
the basis of model 1. CHS indicates cardiovascular health score; hs-CRP, high-sensitivity C-reactive protein; and IR, incidence rate (per 
1000 person-years).
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between the trajectory of CHS and MI risk in hyper-
tensive patients, contributing to one of the study’s 
strengths. The trajectory was used to present the CHS 
change patterns over 4 years to observe its long-term 
effect on the risk of MI. Furthermore, the Kailuan 
study cohort was followed up strictly by biennial physi-
cal examinations, and the whole research population 
was also relatively stable, hence the occurrence of pri-
mary outcomes can be monitored fully. However, sev-
eral limitations need to be considered. First, we used 
salt intake as a surrogate for the healthy diet score 
because the data about other components (eg, fruits, 
vegetables, fish) of the healthy diet score were not 
available until 2014. We were aware that salt intake 
could only reflect one aspect of the healthy diet score, 
but our previous work has found a strong associa-
tion between higher salt intake and lower healthy diet 
scores by using the dietary data in 2014.38 Meanwhile, 
given that excessive salt intake is a common dietary 
habit in China39 and is strongly associated with the 
development of hypertension and CVD,19,20 salt intake 
was applied as a surrogate of diet quality in this study. 
Moreover, removing the salt intake from the com-
ponent of the CHS did not substantially change the 
results. Nevertheless, our results should be interpreted 
cautiously. Second, we acknowledged being under-
powered for interaction analyses because we have a 
relatively small population of female (17.34%). There-
fore, it caused certain categories had only single-digit 
events in female group. Additionally, the cohort only 
consisted of Chinese adults from the Kailuan com-
munity in Tangshan, hence the generalization of the 
results was limited to a certain extent. Finally, although 
the fitting values of CHS trajectories were close to the 

real values in this study, these trajectories identified 
by the latent mixture modeling may still be overfitting, 
thus, our results require external validation.

PERSPECTIVES
Hypertensive patients who maintain a prolonged high 
CHS, which is presented by the ideal healthy cardiovas-
cular status, would have a lower risk of MI. Improvement 
in the CHS might also provide protective benefits against 
the incident of MI. Therefore, these results emphasize the 
significance of taking primordial approaches to promote 
and maintain a healthy cardiovascular status to prevent 
the incidence of MI events among patients with hyper-
tension. Further studies, with multiple regions and larger 
sample sizes, particularly those with detailed dietary data 
are still warranted to verify our results.
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