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Abstract
Background We aimed to explore the association of socioeconomic status (SES) and life’s essential 8 (LE8) with 
cardiovascular disease (CVD) and all-cause mortality in north China.

Methods A total of 91,365 adults from the Kailuan study were included in this study. Comprehensive individual SES, 
mainly including monthly household income, education, Occupation position, and community environment, was 
confirmed by latent class analysis. Furthermore, the mediation and combination effects of SES and LE8 on CVD and 
all-cause mortality were further assessed. The Cox regression model was conducted to estimate HRs and 95% CI.

Results During about 13 years of follow-up, 7,646 cardiovascular events and 11,749 deaths were recorded. Relative 
to the high SES, there were decreased risks of CVD [HR (95% CI): 1.57(1.43–1.72)] and high all-cause death [HR (95% 
CI): 1.43(1.31–1.53)] in the low SES. The associations between SES and CVD [Mediation % (95% CI): 22.3 (16.4–30.4)] 
and mortality [Mediation % (95% CI): 10.1 (7.1–14.0)] were partially mediated by LE8 when comparing medium SES to 
high SES. Meanwhile, relative to high LE8, the elevated risk of death [HR (95% CI): 1.72(1.56–1.89)], and incident CVD 
[HR (95% CI): 3.34(2.91–3.83)] were detected in low LE8. Compared to participants who had the high SES and LE8, 
participants who had both the low SES and LE8 further increased the risk of CVD [HR (95% CI): 7.76(5.21–11.55)] and 
all-cause mortality [HR (95% CI): 2.80(2.19–3.58)].

Conclusion Low SES was related to a higher risk of CVD and mortality in low- and middle-income countries, which 
was partially mediated by LE8.
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Background
Cardiovascular diseases (CVDs) rank first among the 
global causes of non-communicable disease deaths and 
are an important factor leading to adult disability [1, 2]. 
Over the past three decades, the incidence of CVDs in 
China has steadily increased, reaching 330 million cases 
by 2020 [3]. Concurrently, deaths due to CVDs rose from 
3.09 million in 2005 to 4.58 million in 2020 [3]. Moreover, 
the impact of low SES on CVDs and all-cause mortality 
may be more pronounced in low- and middle-income 
countries (LMICs) compared to high-income countries 
(HICs) [4]. In developed countries, individuals with low 
SES experience a 1.26-fold higher risk of mortality com-
pared to those with high SES [5], while in China, this 
risk increases to1.8-fold [6]. Although some studies con-
ducted in developed countries have found an association 
between SES and cardiovascular health [7], few studies 
have focused on developing countries.

The American Heart Association (AHA) has proposed 
an updated and enhanced conception of “Life’s Essential 
8 (LE8)” in 2022, in which sleep is considered an addi-
tional essential component for improving cardiovascu-
lar health [8]. Previous research has demonstrated that 
healthy lifestyle habits may partially ameliorate the rela-
tionship between SES and mortality from CVD [9, 10]. 
However, the extent to which LE8 can improve CVD and 
mortality outcomes across different SES levels remains 
unclear, and the combined effects of LE8 and SES on 
health outcomes are yet to be determined. Since 2004, 
the cost of managing cardiovascular diseases in China 
has risen annually by 18.6%, presenting major challenges 
to limited medical resources [3]. There is an urgent need 
to identify the populations with the highest rates of sud-
den CVD and all-cause mortality, especially in LMICs 
with limited medical resources.

Socioeconomic inequalities regarding mortality and 
CVD have been widely noted in developed countries, and 
low SES is positively associated with adverse health out-
comes [11, 12]. Studies conducted in developed countries 
showed that 35.6% of premature deaths were attributable 
to differences in SES [13]. Specifically, the risk of death 
for individuals with low SES was found to be 1.26 times 
higher than for those with high SES [12]. Recently, a 
study based on the database of NHANES and UKB iden-
tified that low SES was associated with an extraordinary 
26% and 15% risk of death and CVD [9]. Furthermore, the 
developed Asian countries, Korea, and Japan also indi-
cated that the risk of death was 1.05 (95%CI:1.02–1.07) 
and 1.09 ((95%CI:1.07–1.12) for moderate and lower SES 
compared to higher SES [14]. However, research on the 
relationship between SES and CVD in low- and middle-
income countries is limited, and there is currently no 
consistent conclusion [15–18]. Currently, a small amount 
of research in China assessed the relationship between 

SES and hypertension, blood lipid abnormalities, and 
mortality [19–22], with only one survey reporting a 
40-80% increase in mortality for low SES [10]. When we 
conducted this survey, China belonged to the lower mid-
dle-income countries.

China is one of the largest developing countries experi-
encing rapid economic growth, urbanization, and popu-
lation aging, all of which have contributed to a raised risk 
of CVDs [23]. Therefore, identifying and describing the 
SES in CVDs and mortality in China can provide valu-
able insights for decision-making in LMICs. Therefore, 
we analyzed the adult population in China to examine 
the disparities in CVDs and all-cause mortality based 
on SES, and to assess the effects of LE8 and SES on the 
disparities.

Methods
Study population
The Kailuan study is a prospectively community-based 
cohort study, the study design and procedure have been 
described in detail elsewhere [24, 25]. This study was 
allowed to the guidelines of the Declaration of Helsinki 
[26] and was approved by the ethics committee of the Kai-
luan General Hospital (No.2006-05). The informed con-
sent was provided by each participant. A total of 155,418 
active and retired employees aged 18 years or older of the 
Kailuan Group, Tangshan, China, were invited to par-
ticipate in 2006. Finally, 101,510 adults (81,110 men and 
20,400 women) agreed to participate and completed the 
first survey. The consent rate of this study was 65.31%. 
Four unified modules, including standardized question-
naire assessment, clinical examinations, and laboratory 
tests, were performed at baseline and biennial follow-ups 
by medical faculty (e.g., nurses and physicians) from 11 
hospitals in the Kailuan community.

At present, we aimed to detect the potential effects 
of LE8 Metric and SES on CVD and all-cause death. A 
total of 3,923 participants with missing data on monthly 
household income, education, occupation, and commu-
nity environment were excluded. Considering incom-
plete LE8 data, 2,600 participants were excluded. An 
additional 3,622 participants were excluded due to 
diagnoses of malignant tumors, strokes, or myocardial 
infarctions, as identified through standardized question-
naires, medical insurance records, and hospital records. 
A total of 91,365 participants with missing data < 5% for 
all included covariates were included in the final analysis 
after inclusion and exclusion (Fig. 1). Baseline character-
istics between inclusion and exclusion seemed not differ-
ent in the current study (Table S1).

Assessment of SES
The quantification of the SES of a participant was based 
on monthly household income, education, Occupation 
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position, and community environment using a stan-
dardized questionnaire according to the previous study 
[9, 27]. SES was created using a LCA according to four 
categorized socioeconomic factors (monthly household 
income: <¥800, ¥800–1000, and ≥¥1000; education: <9 
years, 6–9 years, and ≥ 9 years; Occupation position: low, 
medium, and high; and community environment: low, 
medium, and high) [9, 10, 27]. The classification of occu-
pational status was considered the work position and 
working environment. Participants who were managers 
and working on the ground were defined as having high 
occupational status. Participants who were managers 
but working down a mine were defined as having middle 
occupational status. Participants who were merely min-
ers were considered as having low occupational status. 
The classification of community environment status was 
based on the surrounding environment and housing area. 

Housing areas larger than 100  m [2] and located away 
from factories and commercial areas were considered 
high. On the other hand, areas that are < 50  m [2] and 
situated near factories and commercial areas were classi-
fied as low. Any other housing areas fall into the medium 
range. Finally, four categories were respectively identi-
fied including high, medium, and low according to item 
response probability (Table S2 and Table S3) [28].

Assessment of LE8
The components of LE8 [8] consisted of the four health 
behaviors (daily diet, PA, tobacco exposure, and sleep 
duration) and four health factors (body mass index 
(BMI), non- high-density lipoprotein cholesterol (HDL-
C), fasting blood glucose (FBG), and BP) for Chinese 
adults (Table S4) [29, 30]. Although detailed dietary 
information was not collected at baseline, salt intake 

Fig. 1 Flow chart for the analysis of the association between SES, LE8 with cardiovascular disease and all-cause mortality. A total of 101,510 active and 
retired workers participated in the 2006–2007 health examination. Excluding those with incomplete income, education, occupation, community environ-
ment, and LE8 metrics. history of cardiovascular disease and cancer, 91,365 participants were included in the statistical analysis. The participants were 
followed until December 31, 2020. A total of 11,749 all-cause death, 7,646 cardiovascular events, 6,223 strokes, and 1,629 myocardial infarctions occurred
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effectively replaced the DASH-style diet among Chinese 
[31]. To comprehensively estimate the diet quality, tea 
drinking, and fatty food consumption were also incorpo-
rated [32–35]. The range of each metric was 0 to 100, and 
the overall LE8 score was calculated as the unweighted 
average of all 8 component metric scores for each par-
ticipant. Using the cutting points suggested by FE8, it 
was defined as high LE8 (scores of ≥ 80), moderate LE8 
(scores of 50–79), and low LE8 (scores of < 50).

Trained medical staff conducted the face-to-face inter-
view to collect basic information, lifestyle (smoking, 
physical activity, sleeping duration, and diet habits), and 
health status (comorbidity and medication history) via a 
standardized questionnaire. BMI was measured as weight 
(kilograms) divided by height (meters squared). After 
5 min of rest in the sitting position, blood pressure was 
recorded with an appropriate cuff blood pressure as pre-
viously described [24]. Venous blood samples were col-
lected from the antecubital vein after an overnight fast 
(8–12 h). All blood samples were stored at -80℃ and ana-
lyzed in a blinded manner at the Central Laboratory of 
Kailuan General Hospital. In addition, an auto-analyzer 
(Hitachi 747; Hitachi, Tokyo, Japan) was used to analyze 
the blood samples at the central laboratory of Kailuan 
Hospital. FBG levels were measured using the hexoki-
nase/glucose-6-phosphate dehydrogenase method (Bio-
Sino Bio-technology and Science Inc., Beijing, China), 
with the coefficient of variation using blind quality con-
trol specimens < 2.0% [36]. Fasting HDL-C concentra-
tions were measured with the direct test method (Mind 
Bioengineering Co. Ltd, Shanghai, China) and with upper 
limits of detection of 12.90 and 3.88 mmol/L and total 
cholesterol (TC) with the endpoint test method. The 
intra- and inter-assay variable coefficients for each mea-
surement were < 10% [37]. Non-HDL-C was calculated 
using TC subtract HDL-C.

Assessment of CVD and all-cause mortality
The main outcomes included incident CVDs, including 
stroke and myocardial infarction, and all-cause mortal-
ity. The outcomes in the prospective cohort were updated 
via medical insurance information and searching for hos-
pital records until December 31, 2020. The diagnosis of 
CVD was performed as previously described [31, 38]. 
Myocardial infarction was diagnosed based on clinical 
symptoms, dynamic changes in cardiac enzymes and/
or biomarker concentrations, and electrocardiogram 
results. Stroke was diagnosed based on clinical signs and 
symptoms, neuroimaging (via computed tomography or 
magnetic resonance imaging), and additional diagnostic 
reports. All participants were linked to the Municipal 
Social Insurance Institution and the Hospital Discharge 
Register for the incidence of CVDs according to the 
International Classification of Diseases, 10th (ICD–10) 

[39]. As suspected CVD events and the subtypes were 
determined by three experienced physicians who 
checked the medical records, the details of the diagnosis 
had been described elsewhere [40, 41]. Two major types 
of strokes, including cerebral infarction and cerebral 
hemorrhage (excluding epidural, subdural, or subarach-
noid hemorrhage), were estimated in the current study. 
Mortality was collected from provincial vital statistics 
offices [36]. All participants were followed up every two 
years to collect data on CVDs and mortality. The follow-
up for deaths was not terminated by CVDs. The endpoint 
of the follow-up was either the occurrence of the death or 
the last physical examination, whichever occurred first.

Covariates
The covariates were selected from previous studies [9, 
10]. The face-to-face interview was performed by medi-
cal faculty to collect potential factors, including demo-
graphic factors (age, gender, marriage), daily behaviors 
(drinking, sedentary behavior, and snoring), comorbid-
ity (hypertension, diabetes, atrial fibrillation, congestive 
heart failure, and fatty liver disease), and family history of 
related diseases (hypertension, diabetes, stroke, and myo-
cardial infarction). Diabetes was diagnosed according to 
the American Diabetes Association guidelines, includ-
ing a self-reported history of diabetes, FPG ≥ 7.0 mmol/L, 
or intake of anti-diabetes drug [42]. Hypertension was 
defined as the history of hypertension, the usage of the 
anti-hypertension drug, SBP ≥ 140 mmHg or DBP ≥ 90 
mmHg [43].

Statistical analysis
Continuous variables with normal distribution were 
described as means ± standard deviation (SD) and com-
pared using One-way ANOVA. Non-normally distrib-
uted continuous variables were presented as median and 
interquartile range and compared using the Mann-Whit-
ney test. The categorized variables were described using 
frequencies (percentages) and compared using the χ [2] 
test.

Cox proportional hazard models which met the crite-
ria of proportional hazard assumption were conducted 
to assess HR and 95% CI in our study. The proportional 
hazards assumption, assessed using log(-log[survival]) 
curves and the Schoenfeld residuals test (P > 0.05), was 
not violated. Model 1 was conducted after adjustment 
for demographic factors (age, gender, and marriage), life-
style (drinking, sedentary, and snoring), chronic diseases 
(hypertension, diabetes, atrial fibrillation, congestive 
heart failure, and fatty liver disease), and family history of 
related diseases (hypertension, diabetes, stroke, and myo-
cardial infarction). To further exclude the potential effect 
of LE8, we further adjusted LE8 in Model 2.
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Moreover, mediation analysis was conducted to fur-
ther explore the potential association of SES, LE8, CVDs, 
and mortality. We calculated the mediation proportion 
of LE8 in the association between SES and each outcome 
in Model 2. There were 5,000 repeated samples derived 
from a biased-corrected bootstrap used to obtain 95% CI 
for direct and indirect effects. Interaction analysis was 
performed to measure the interaction effect of SES and 
LE8 on outcomes by comparing nested models with and 
without the cross-product terms. In addition, the relative 
excess risk due to interaction (RERI) was also conducted 
to measure the additive interaction effect [44]. Further-
more, SES and LE8 were separately categorized as low, 
middle, and high, and created a 9-category variable to 
represent the combined effect [9, 10].

Sensitivity analyses were conducted. First, the associa-
tions between individual socioeconomic factors (monthly 
household income, education, occupational position, and 
community environment), CVDs, and mortality were 
examined. Second, we reanalyzed the data after exclud-
ing patients who had baseline or newly developed AF or 
CHF. Third, we re-run the results after further exclud-
ing the participants who had CVDs and death within 
the three years of follow-up to exclude potential reverse 
causation. Fourth, we additionally adjusted for the use 
of anti-hypertensive, anti-diabetic, and lipid-lowering 
medications during the follow-up period. Furthermore, 
stratified analyses were performed on age (< 60, ≥ 60) 
and gender to test potential variations among different 
subgroups. All analyses were conducted using SAS 9.4 
(SAS Institute, Cary, NC) and R (http://www.R-project.
org; version 4.1.1). A two-sided P < 0.05 was considered 
significant.

Results
General clinical information
A total of 91,365 participants with a mean age of 51.0 
years were included in this study. There were 79.5% 
males, consisting of high (15.6%), medium (49.4%), and 
low (35.0%) SES. Individuals with low SES tended to be 
older, male, and lower income, education, occupation 
position, and LE8 score. Moreover, the burden of chronic 
diseases was heavier in individuals with low SES than 
in the high SES population. The prevalence of drinking, 
snoring, and family history of hypertension, diabetes, and 
CVDs were higher in those with high SES than low SES 
(Table 1). Individuals excluded from the current analysis 
were more likely to be older, male, had more comorbidi-
ties and had low SES (Table S1). During follow-up, 11,749 
deaths (median follow-up of 13.3 years) and 7,646 CVD 
cases (median follow-up of 12.9 years) were recorded. In 
addition, 6,223 stroke cases (median follow-up of 13.0 
years) and 1,629 MI cases (median follow-up of 13.2 
years) were also documented.

The risks of CVDs and mortality between high SES and low 
SES
Compared to high SES, the risk of death was higher in 
participants with medium SES [HR (95% CI):1.36 (1.27–
1.46)] and low SES [HR (95% CI):1.40(1.29–1.50)]. For 
incident CVDs, the risks also increased in medium SES 
[HR (95% CI):1.36 (1.26–1.50)] and low SES [HR (95% 
CI):1.50 (1.37–1.65)]. Similarly, the risks of stroke [HR 
(95% CI):1.54 (1.39–1.71)] and MI [HR (95% CI):1.48 
(1.21–1.80)] were increased in the low SES compared to 
the high SES (Table  2). When comparing low SES with 
high SES, each socioeconomic factor was associated with 
increased risks for death or CVD (Table S5-S8).

The association of LE8 with CVDs and mortality
Low LE8 score was associated with higher risks of mor-
tality [HR (95% CI): 1.72(1.56–1.89)] and incident CVD 
[HR (95% CI): 3.34(2.91–3.83)] (Table S9). Furthermore, 
behavior health score and factor health score were asso-
ciated with mortality and CVD, and the risks comparing 
low with high score were [HR (95% CI):1.22 (1.16–1.33)] 
and [HR (95% CI):1.43 (1.26–1.63)], and [HR (95% 
CI):1.79 (1.68–1.91)] and [HR (95% CI):2.92 (2.70–3.15)], 
respectively (Table S9). When low and medium SES were 
compared with high SES, the proportion mediated by 
the LE8 score were 7.1% (95% CI: 4.0-12.1%) and 10.1% 
(95% CI: 7.1–14.0%) for mortality, and 18.0% (95% CI: 
12.7–26.2%) and 22.3% (95% CI: 16.4–30.4%) for CVDs. 
The highest mediation proportion of LE8 was detected in 
incident MI with 36.5% (95% CI: 21.2–64.4%, Table 2).

The association of LE8 with SES in CVDs and mortality
There was a multiplicative interaction between LE8 and 
SES on CVD, stroke, and cerebral infarction. However, 
there was no additive interaction in any of the outcomes 
(Fig.  2). It was noteworthy that the impacts of low LE8 
on mortality, CVD, stroke, cerebral infarction, and myo-
cardial infarction were all increased in higher SES. The 
hazard ratios for those with low LE8 for all-cause mor-
tality were 2.11 (95% CI:1.53–2.90) among individuals 
with high SES and 1.75 (95% CI:1.46–2.11) among those 
with low SES. Similar patterns were found for incident 
CVD, stroke, and MI (Fig. 2). The results using individual 
socioeconomic factors were largely consistent with the 
primary analysis (Figures S1-S4). The combined effect of 
LE8 score and SES on all-cause mortality and CVD was 
further increased. Compared with individuals with high 
SES and LE8, the individuals with low SES and LE8 had 
the highest hazard ratio for all-cause mortality [HR (95% 
CI):2.80 (2.19–3.58)], CVD [HR (95% CI):7.76(5.21–
11.55)], stroke [HR (95% CI):7.95(5.13–12.33)], and MI 
[HR (95% CI):6.98(2.74–17.77)] (Table 3), as well as when 
using individual socioeconomic factors in the analysis 
(Tables S10-S13).

http://www.R-project.org
http://www.R-project.org
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Sensitivity and subgroup analyses
The results derived from sensitivity and subgroup analy-
ses were largely consistent with the primary results (Fig-
ures S5-S11 and Tables S14-S27). In contrast to men, low 
LE8 levels in women are associated with higher risks of 
death or CVD in low SES populations, rather than in high 
SES populations. Furthermore, the combined impacts 
of LE8 and SES on mortality and CVDs were more 

pronounced in individuals under the age of 60 years old 
than those over 60 years old. These trends were observed 
in different genders, with a stronger combined impact in 
males than in females.

Table 1 Participants’ baseline characteristics across individual-level SES*
Characteristics Total High SES Medium SES Low SES
No. of participants 91,365 14,273 45,120 31,972
Age, (years) 51.00 ± 12.35 45.00 ± 13.95 52.42 ± 11.90 51.70 ± 11.39
Male, No. (%) 72,611(79.5) 8865(62.1) 39,862(88.3) 23,884(74.7)
Married, No. (%) 87,224(95.5) 12,813(89.8) 42,732(97.4) 31,677(99.1)
Monthly household income
≥ 1000￥, No. (%) 6070(6.7) 3279(22.9) 2791(6.2) 0
800–1000￥, No. (%) 7150(7.8) 2365(16.6) 4514(10.0) 271(0.8)
<800￥, No. (%) 78,145(85.5) 8629(60.5) 37,815(83.8) 31,701(99.2)
Education
≥ 9 years, No. (%) 18,365(20.1) 14,201(99.5) 4093(9.1) 71(0.1)
6–9 years, No. (%) 63,719(69.7) 72(0.5) 31,746(70.4) 31,901(99.9)
< 6 years, No. (%) 9281(10.2) 0 9281(25.6) 0
Occupation position
High, No. (%) 21,293(23.3) 763(5.4) 20,530(45.5) 0
Medium, No. (%) 8726(9.6) 290(2.0) 7066(15.7) 1370(4.5)
Low, No. (%) 61,346(67.1) 13,220(92.6) 17,524(38.8) 30,602(95.5)
Community Environment
High, No. (%) 2371(2.6) 1203(8.4) 1168(2.6) 0
Medium, No. (%) 53,785(58.9) 7519(52.7) 14,946(33.1) 31,320(98.0)
Low, No. (%) 35,209(38.5) 5551(38.9) 29,006(64.3) 652(2.0)
Sedentary
≤4 h, No. (%) 68,649(75.2) 7888(55.3) 31,540(70.0) 29,221(91.4)
4–8 h, No. (%) 19,741(21.6) 5147(36.1) 12,121(26.9) 2473(7.7)
≥8 h, No. (%) 2870(3.1) 1222(8.6) 1374(3.1) 274(0.9)
Snoring, No. (%) 33,116(36.3) 7392(51.8) 21,782(48.3) 3942(12.3)
Drinking, No. (%) 16,329(17.9) 1730(12.1) 12,253(27.2) 2346(7.3)
Comorbidities
Hypertension, No. (%) 39,521(43.3) 4017(28.1) 20,359(45.1) 15,145(47.4)
Diabetes, No. (%) 8254(9.0) 1002(7.0) 4313(9.6) 2939(9.2)
BMI ≥ 25, No. (%) 43,972(48.1) 6270(43.9) 22,502(49.8) 15,200(47.5)
Fatty liver disease, No. (%) 28,698(31.5) 4333(30.5) 14,599(32.5) 9766(30.6)
Atrial fibrillation 415(0.5) 46(0.3) 239(0.5) 130(0.4)
Congestive heart failure 124(0.2) 18(0.1) 71(0.2) 35(0.1)
Family history of diseases
Hypertension, No. (%) 13,000(14.2) 4050(28.4) 7543(16.7) 1407(4.4)
Diabetes, No. (%) 4253(4.7) 1302(9.1) 2496(5.5) 455(1.4)
Stroke, No. (%) 4046(4.4) 1141(8.0) 2507(5.6) 398(1.2)
MI, No. (%) 1806(2.0) 552(3.9) 1072(2.4) 182(0.6)
LE8 score 65.83 ± 11.36 69.40 ± 11.83 62.72 ± 11.52 68.61 ± 9.59
Health behaviors score 60.83 ± 14.99 62.93 ± 14.88 55.82 ± 16.20 66.96 ± 9.94
Health factors score 70.82 ± 16.91 75.87 ± 17.08 69.62 ± 16.87 70.25 ± 16.47
* Individual-level SES was generated through the latent class analysis using the information of monthly household income, education, occupation position, and 
community environment. LE8 score was based on the modified AHA’s Life’s Essential 8™ algorithm. Health behaviors included diet, physical activity, smoking, and 
sleep; health factors included body mass index, non-high-density lipoprotein cholesterol, blood glucose, and blood pressure. BMI: Body Mass Index, MI: Myocardial 
infarction
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Discussion
This is a rare large-scale cohort study from the largest 
LMIC revealing socioeconomic disparities in mortality 
and CVD, which were partially mediated by LE8. Low 
LE8 was associated with the risk of mortality and CVD 
across different SES levels. However, the risk was found 
to be highest in individuals with high SES. The combina-
tion of low SES and LE8 shows the highest risk of mortal-
ity and CVDs. Our study found that a low socioeconomic 
status increases the risk of cardiovascular disease by 50% 
and all-cause mortality by 40%. We further discovered 
that a similar phenomenon exists for stroke and myo-
cardial infarction. It was suggested that low socioeco-
nomic status is closely related to high incidence CVD and 

mortality, with higher risks in China than in developed 
countries.

Different socioeconomic statuses result in disparities 
in accessing health resources and maintaining healthy 
lifestyles [45]. However, the debate remains regarding 
whether health behaviors can reduce socioeconomic 
inequalities in adverse health events. The reasons for this 
heterogeneity in results may be numerous. Most previ-
ous studies have used single factors such as income level, 
education, employment status, and environmental fac-
tors to reflect individual SES, no comprehensive mea-
surement of individual SES was performed [46–49]. In 
addition, previous studies have commonly employed a 
method whereby healthy behaviors are ranked from 0 to 
1 for low, 2–3 for medium, and more than 3 for high, to 
define the level of cardiovascular health (CVH). While it 
is true that different health lifestyle factors may be cor-
related, each one reflects a different aspect of CVH and 
cannot simply be replaced by others. Furthermore, the 
socio-demographic characteristics of each study popula-
tion vary due to differences in countries, ethnicities, cul-
tural customs, and economic development levels [9, 10].

Given the reasons above, our study employed latent 
class analysis (LCA) to develop an overall measurement 
of SES [9, 10]. Additionally, we substituted the assessment 
of lifestyle with the LE8 score to evaluate cardiovascular 
health, as it encompasses both health factors and behav-
iors. A prospective cohort study conducted in developed 
countries found that, when comparing low SES to high 
SES, 12.3% of all-cause mortality was mediated by the 
lifestyle score (including smoking, alcohol consumption, 
physical activity, and diet) in the US NHANES, while 
4.0% of all-cause mortality and 3.7% of incident CVD 
were mediated by the lifestyle score in the UK Biobank 
[9]. Similarly, a study conducted in China demonstrated 
that, when comparing low and medium SES to high SES, 
the proportion mediated by the overall lifestyle score 
(including smoking, physical activity, diet, and BMI) was 
6.3% and 11.5% for all-cause mortality [10]. This study 
found that, in northern Chinese adults, when comparing 
low SES to high SES, 10.1% of the association between 
SES and mortality and 22.3% of the association with CVD 
were mediated by the individual LE8 score. Compared 
to previous studies, the LE8 score demonstrates a more 
pronounced mediating effect in the relationship between 
SES and CVD, largely attributed to variations in partici-
pant characteristics and the LE8 score’s more compre-
hensive evaluation of cardiovascular health. Obviously, 
both in developed and developing countries, health fac-
tors and health behaviors can only reduce health-related 
socioeconomic inequalities to a certain extent. Therefore, 
we still need to explore other measures to address health 
inequalities caused by SES disparities.

Table 2 Associations of SES with all-cause mortality and incident 
CVD and mediation proportion by LE8*
Items Hazard ratio (95% CI) Mediation 

proportion 
(%) (95% CI)

Unadjusted for 
LE8 score

Adjusted for LE8 
score

All-cause 
mortality
High SES 1.00(Reference) 1.00(Reference) -
Medium SES 1.39(1.30–1.50) 1.36(1.27–1.46) 10.1(7.1–14.0)
Low SES 1.43(1.31–1.53) 1.40(1.29–1.50) 7.1(4.0-12.1)
CVD
High SES 1.00(Reference) 1.00(Reference) -
Medium SES 1.47(1.35–1.59) 1.36(1.26–1.50) 22.3(16.4–30.4)
Low SES 1.57(1.43–1.72) 1.50(1.37–1.65) 18.0(12.7–26.2)
Stroke
High SES 1.00(Reference) 1.00(Reference) -
Medium SES 1.50(1.36–1.65) 1.40(1.28–1.54) 18.7(13.2–26.1)
Low SES 1.61(1.45–1.78) 1.54(1.39–1.71) 16.2(11.2–24.3)
Cerebral 
infarction
High SES 1.00(Reference) 1.00(Reference) -
Medium SES 1.49(1.35–1.66) 1.40(1.26–1.55) 19.3(13.4–27.0)
Low SES 1.63(1.46–1.82) 1.56(1.40–1.75) 15.9(10.8–24.1)
Cerebral 
hemorrhage
High SES 1.00(Reference) 1.00(Reference) -
Medium SES 1.58(1.22–2.03) 1.49(1.16–1.92) 14.1(3.4–39.2)
Low SES 1.74(1.33–2.27) 1.66(1.27–2.18) 14.6(5.9–3.13)
Myocardial 
infarction
High SES 1.00(Reference) 1.00(Reference) -
Medium SES 1.46(1.21–1.75) 1.37(1.14–1.65) 36.5(21.2–64.4)
Low SES 1.54(1.26–1.88) 1.48(1.21–1.80) No meditation
* All models included age, sex, marital status, drinking, sedentary, snoring, 
fatty liver disease, atrial fibrillation, congestive heart failure, and family history 
of diseases at baseline. Individual-level SES was generated through the latent 
class analysis using the information of monthly household income, education, 
occupation position, and community environment. LE8 score was based on the 
modified AHA’s Life’s Essential 8algorithm. Using the cutting points suggested 
by Life’s Essential 8, high LE8 (scores of ≥ 80), medium LE8 (scores of 50–79), and 
low LE8 (scores of < 50). CVD: cardiovascular disease, including stroke, cerebral 
infarction, cerebral hemorrhage, and myocardial infarction
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Fig. 2 Associations of LE8 score with All-cause mortality and CVDs (including stroke, CI, CH, and MI) by SES. HRs were adjusted for age, sex, drinking, 
sedentary, snoring, atrial fibrillation, congestive heart failure, fatty liver disease, and family history of diseases at baseline. Multiplicative interaction was 
evaluated using HRs for the product term between the LE8 score (Low versus High) and SES (low versus high), and the CI did not include 1 was statistically 
significant. Additive interaction was evaluated using RERI between the LE8 score (Low versus High) and SES (low versus high), and the CI did not include 
0 was statistically significant
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Unhealthy lifestyle habits are associated with a higher 
risk of mortality and cardiovascular events across dif-
ferent SES levels [9, 10]. However, the degree of this risk 
may vary depending on the level of development of the 

country. Studies in developed countries showed that a 
healthy lifestyle has a stronger protective effect on health 
outcomes among those in lower SES categories [9, 50]. 
On the other hand, research in China indicates that the 
protective effect of a healthy lifestyle is strongest among 
those in higher SES categories [10]. Our study has also 
found that individuals with low LE8 scores have a higher 
risk of mortality and cardiovascular events, and that high 
LE8 scores have a stronger protective effect for those in 
higher SES categories. We speculate that the reason for 
this difference may be related to the overall socioeco-
nomic status of the country, the transition of social struc-
ture, and lifestyle changes. Over the past few decades, 
the Chinese economy has experienced significant growth 
and development. As a result, it has been observed that 
people with higher socioeconomic statuses tend to adopt 
Western cultural practices and lifestyles more frequently 
[51]. A meta-analysis including 39 LMICs demonstrated 
that higher SES groups tended to be less physical activ-
ity and consume more fat, salt, and processed foods 
than those of lower SES [52]. Therefore, individuals with 
higher socioeconomic in China may share similar charac-
teristics with those with lower-middle socioeconomic in 
developed countries. Consequently, the protective effect 
of high LE8 scores in different SES categories may be 
influenced by the level of economic development in the 
country. In lower-middle-income countries, individuals 
in higher SES categories may benefit more from main-
taining high cardiovascular health scores.

Our study found that there was no interaction between 
LE8 and SES about mortality, but there was an interac-
tion for CVD, which is consistent with previous research 
results [9, 10, 53]. Furthermore, we found that compared 
to individuals with high SES and LE8 scores, those with 
low SES and LE8 scores had a 2.79-fold increased risk of 
mortality and a 7.76-fold increased risk of CVD events. 
These findings highlight the strong joint effect of adverse 
SES and lower cardiovascular health and the significant 
health risks associated with it. This result is consistent 
with evidence from developing and developed countries 
[9, 10], suggesting that more attention should be paid to 
this population.

In addition to this large-scale prospective cohort study, 
our study also employed a comprehensively measured 
SES using a reliable algorithm. Furthermore, this study 
provides the first insights into the mediation effects of 
LE8 and the combined effects of SES and LE8 on CVDs 
and all-cause mortality in a developing country. How-
ever, this study has some limitations. First, although a 
reliable classification method was employed for SES, 
potential misclassification may still exist. However, since 
SES was measured at baseline and any misclassification 
is unrelated to follow-up outcomes, it is considered non-
differential. This type of misclassification may attenuate 

Table 3 Joint association of LE8 score and SES with mortality 
and incident CVD*
Characteristics LE8 Score

High Moderate Low
All-cause mortality
High SES 1.00(reference) 1.44(1.13–1.84) 1.92(1.41–

2.62)
Medium SES 1.62(1.26–2.10) 1.92(1.51–2.43) 2.66(2.09–

3.39)
Low SES 1.64(1.26–2.13) 1.96(1.55–2.49) 2.80(2.19–

3.58)
CVD
High SES 1.00(reference) 2.94(2.00-4.30) 5.61(3.69–

8.54)
Medium SES 2.41(1.60–3.64) 4.03(2.77–5.86) 6.61(4.52–

9.66)
Low SES 2.31(1.53–3.50) 4.38(3.01–6.37) 7.76(5.21–

11.55)
Stroke
High SES 1.00(reference) 2.87(1.88–4.37) 5.77(3.63–

9.17)
Medium SES 2.67(1.70–4.18) 4.03(2.66–6.09) 6.70(4.41–

10.19)
Low SES 2.33(1.47–3.67) 4.42(2.92–6.68) 7.95(5.13–

12.33)
Cerebral infarction
High SES 1.00(reference) 3.43(2.08–5.67) 6.93(4.03–

11.92)
Medium SES 3.13(1.84–5.32) 4.76(2.90–7.79) 8.19(4.97–

13.49)
Low SES 2.84(1.66–4.86) 5.33(3.25–8.74) 9.31(5.54–

15.65)
Cerebral hemorrhage
High SES 1.00(reference) 1.62(0.69–3.78) 3.72(1.38–

10.02)
Medium SES 1.67(0.66–4.22) 2.65(1.17–5.98) 3.44(1.48–

7.99)
Low SES 1.16(0.44–3.07) 2.85(1.26–6.45) 5.86 (2.41–

14.24)
Myocardial infarction
High SES 1.00(reference) 3.12(1.27–7.67) 5.02(1.88–

13.41)
Medium SES 1.37(0.49–3.82) 4.29(1.77–10.38) 6.55(2.68–

16.02)
Low SES 2.39(0.90–6.33) 4.55(1.88–11.04) 6.98(2.74–

17.77)
*HRs were adjusted for age, male, marital status, drinking, sedentary, snoring, 
fatty liver disease, atrial fibrillation, congestive heart failure, and family history 
of diseases at baseline. Individual-level SES was generated through the latent 
class analysis using the information of monthly household income, education, 
occupation position, and community environment. LE8 score was based on the 
modified AHA’s Life’s Essential 8algorithm. Using the cutting points suggested 
by Life’s Essential 8, high LE8 (scores of ≥ 80), medium LE8 (scores of 50–79), and 
low LE8 (scores of < 50). CVD: cardiovascular disease, including stroke, cerebral 
infarction, cerebral hemorrhage, and myocardial infarction
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the observed association between SES and follow-up 
outcomes, potentially leading to an underestimation 
of the true effect size. Second, the association between 
time-varying SES and LE8 was not observed in the cur-
rent study. Moreover, the participants were exclusively 
Chinese adults from the Kailuan community in north-
ern China. Although this community includes residents 
with various occupations, the majority of participants are 
coal miners. Therefore, caution should be exercised when 
generalizing these findings to other populations. Finally, 
although we adjusted for significant covariates, residual 
confounding may still be present.

Conclusion
Our study reveals that low SES is positively associated 
with the risks of CVDs and mortality, and this association 
is mediated by LE8. In lower-middle-income countries, 
individuals with a higher SES may experience greater 
benefits from maintaining a high LE8 score. Moreover, 
the combined effects have been found, in which individu-
als with low SES and LE8 have the highest risks of CVDs 
and mortality.
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