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Abstract 1 

BACKGROUND: The relationship between socioeconomic status and mortality has been 2 

well established, however, the extent to which biological factors mediate this relationship is 3 

less clear and empirical evidence from non-Western settings is limited. Allostasis, a 4 

cumulative measure of physiological dysregulation, has been proposed as the underlying 5 

mechanism linking socioeconomic status to adverse health outcomes. The current study 6 

aimed to ascertain the contribution of allostatic load and health behaviours to socioeconomic 7 

inequalities in mortality among Korean adults. 8 

METHODS: The sample comprised 70,713 middle and older aged adults, aged 40–79 years 9 

from the Korean Metabolic Syndrome Mortality Study. Using structural equation modeling, 10 

mediation analyses were performed to estimate the effects of socioeconomic position (SEP) 11 

on mortality over the follow-up and the extent to which allostatic load, physical exercise, and 12 

non-smoking status mediate the association between SEP and mortality. 13 

RESULTS: A total of 5,618 deaths (7.9%) occurred during the mean follow-up of 15.2 years 14 

(standard deviation 2.9). Structural equation modeling confirmed a direct significant effect of 15 

socioeconomic position on mortality, as well as significant indirect paths through allostatic load, 16 

physical exercise, and non-smoking status.  17 

CONCLUSIONS: Our findings provide support for the mediating role of allostatic load and 18 

health behaviours in the link between SEP and mortality. Policies designed to reduce social 19 

disparities in mortality in the long term should primarily focus on reducing stress and promoting 20 

healthy lifestyles among the socially disadvantaged groups. Future studies should further 21 

assess the role of other mediators such as psychosocial factors, which may contribute to 22 

socioeconomic inequalities in mortality.  23 

 24 

Keywords: Socioeconomic inequalities, Mortality, Structural Equation Modeling, Allostatic load, 25 

Biomarkers, Stress, Health behaviour  26 
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What is already known on this subject?  

 Socioeconomic position has consistently been found to be a strong predictor of 
adverse health outcomes. 

 There is growing evidence that allostatic load (AL), a measure of cumulative 
physiological dysregulation, is socially patterned, with higher AL associated with 
lower socioeconomic position. 

 

What this study adds?  

 Allostatic load and behavioural risk factors partially explain the socioeconomic 
gradient in mortality among Korean adults.  

 The findings of our study highlight the importance of managing stress and promoting 
healthy lifestyles as the means to reduce social inequalities in mortality. 
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Introduction 1 

Socio-economic position (SEP), whether defined by income, education or occupation, has 2 

consistently been associated with a wide range of adverse health outcomes, including 3 

cardiovascular disease[1], cancer[2], and mortality.[3, 4] Empirical studies seeking to identify 4 

the mechanisms that account for the relationships between SEP and mortality have suggested 5 

that psychosocial factors[5] and behavioural risk factors, namely smoking, physical inactivity, 6 

and alcohol consumption have important roles in explaining socioeconomic disparities in 7 

health.[6, 7] However, the extent to which biological risk factors mediate this relationship 8 

remains unclear.  9 

 10 

Despite mounting evidence that lower SEP is associated with a range of biological risk factors, 11 

including impaired glucose tolerance, insulin resistance[8], elevated levels of cortisol[9], 12 

interleukin-6[10], and C-reactive protein[10], few studies to date have explored the potential 13 

mediating effects of biomarkers and allostatic load in explaining socioeconomic disparities in 14 

health, and the results have been mixed.[9, 11, 12] Allostatic load refers to the cumulative 15 

stress-related wear and tear on the multiple physiological system, representing 16 

neuroendocrine, immune, cardiovascular, and metabolic functioning.[13] Using data from the 17 

MacArthur Study, Seeman et al have identified that lower SEP is associated with increased 18 

allostatic load (AL), and that AL mediates the relationship between SEP and mortality, 19 

explaining around 35% of the difference in mortality attributable to educational differences.[14] 20 

Similarly, another study found that biological risk factors explained 19% of the educational 21 

differences in general health.[15] In contrast to these findings, an analysis based on the 22 

Taiwanese social environment and biomarkers of aging study failed to find support for the 23 

mediating role of AL biomarkers in explaining the social gradient in health.[12] Two previous 24 

studies conducted in South Korea found that biological and health behaviours contributed only 25 

a very small fraction to the reduction of excess mortality risk for those in the low income 26 

groups[3, 16]. 27 

 28 

Building on this empirical evidence, we examined two major research questions. First, we 29 

aimed to assess whether socioeconomic position, as measured by occupational, household 30 

income, and education level is associated with all-cause mortality, in a large cohort of adults 31 

living in Korea. Second, we tested the underlying pathways through which socioeconomic 32 

position influence mortality. Specifically, we tested the hypothesis that relationship between 33 
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socioeconomic position and mortality is partially mediated by allostatic load and health 1 

behaviours using structural equation modeling (see Figure 1).  2 

 3 

 4 

<Figure 1 about here> 5 

Methods 6 

Data and Study Population 7 

The Korean Metabolic Syndrome Mortality Study (KMSMS) is a retrospective cohort study 8 

based on data from private health examinations conducted at 18 centers in South Korea. Of 9 

these centers, 14 centers provided informed consent and were selected for our study. 10 

Additional details of the study have been reported elsewhere[17]. Between 1994 and 2004, a 11 

total of 560,643 men and women aged 20 years or older, attended a health assessment for a 12 

comprehensive physical assessment. The analytic sample was restricted to participants aged 13 

40 and older than 79 years old, and those who had complete information on mortality and 14 

each socioeconomic position indicator (N=74,883). Additionally, individuals taking medications 15 

for diabetes, hypertension, or high blood cholesterol and those who died within 1 year of 16 

follow-up were excluded (N=4,170). Thus, the final sample consisted of 70,713 participants 17 

(43,232 men and 27,481 women). All participants provided written informed consent to 18 

participate and ethical approval for the study was obtained from the Institutional Review Board 19 

for Human Research at Yonsei University and all individual health promotion centers 20 

participating in the KMSMS.  21 

 22 

Measurements 23 

Mortality follow-up 24 

The vital study of study participants was identified through data linkage with nationwide death 25 

report data from the South Korean National Statistical Office, using the unique personal 26 

identification number assigned to all persons residing in South Korea. All individuals were 27 

followed from the baseline examination (between 1994 to 2004) to the date of their death or 28 

otherwise until the censoring date of 31 December 2014.  29 

 30 
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Socioeconomic Position  1 

Socioeconomic position was estimated as a latent variable comprising educational level, 2 

occupation, and monthly household income. Level of education was categorized as primary 3 

school or lower (≤ 6 years), middle school (7 to 9 years), high school (10 to 12 years), and 4 

university and higher (≥ 13 years) according to the number of years of school attendance. 5 

Monthly household income was divided into quartiles and categorized as low (quartile 1 or 6 

Q1), medium–low (Q2), medium–high (Q3), and high (Q4) according to the monthly household 7 

equivalent income. Additionally, occupation was collapsed into six categories: 1) Unemployed 8 

(including housewives and students) 2) Simple labour, manufacturing 3) Agriculture, forestry, 9 

fishery workers 4) Service and sales workers 5) Clerks 6) Professional/managerial 10 

workers.  These variables were declared categorical in Mplus.  11 

 12 

Allostatic Load (AL) 13 

In the current study, operationalization of AL was based on both previous research and data 14 

availability [18-20]. Seven biomarkers were available in the KMSMS for constructing the 15 

allostatic load score: systolic/diastolic blood pressure, and pulse rate reflecting cardiovascular 16 

activity; glycated hemoglobin (HbA1c), high-density lipoprotein (HDL) and total cholesterol 17 

representing metabolic system and albumin reflecting inflammation. Blood pressure was 18 

measured by registered nurses or technicians using a standard mercury sphygmomanometer. 19 

In the case of systolic and diastolic blood pressure, two measurements were taken with five 20 

minute gap between two measurements and an average of the two readings was recorded. 21 

Glycated hemoglobin HbA1c, total cholesterol and HDL-cholesterol were measured from 22 

fasting samples. In line with previous research, [21 22] for each of seven biomarkers, 23 

participants in the high-risk quartile distribution were given a score of 1; the others were given 24 

a score of 0. For most AL-related biomarkers, values above the 75th percentile were defined 25 

as high-risk. However, for albumin and high-density lipoprotein cholesterol, high-risk values 26 

were those in the bottom 25% of the distribution. Scores for each biomarker were then 27 

summed to create an overall AL score ranging from 0 to 7.  In this sample of adults, high-risk 28 

thresholds were as follows: Diastolic blood pressure, 84 mm Hg; systolic blood pressure, 139 29 

mm Hg; Pulse, 65 beats/min; glycated hemoglobin, 5.5%; total cholesterol, 222 mg/dL, 30 

albumin, 4.4 g/dL. Each center had internal and external quality control procedures as required 31 

by the Korean Association of Laboratory Quality Control, and each biomedical marker 32 
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demonstrated high correlation across individual centers, with correlation coefficient ranging 1 

from 0.96 to 0.99. 2 

 3 

Health Behaviours 4 

Non-Smoking   5 

Participants were divided into never-, former, and current smokers based on their choice of 6 

three possible responses to the following question, “Do you currently smoke cigarettes?” 7 

Participants who answered “no” were classified as “never-smokers,” those who answered “yes, 8 

but I quit smoking” were classified as “former smokers,” and those answered “yes, and I 9 

currently smoke” were classified as “current smokers.”  For the purpose of our analysis, we 10 

further dichotomized smoking status into current smokers and non-smokers (never and former 11 

smokers).  12 

.  13 

Physical exercise 14 

At baseline, participants were asked report if they engage in regular exercise with the question, 15 

“Do you do regular exercise?”, and coded as 1=No; 2=Yes. 16 

 17 

Covariates 18 

Several variables that are known to affect mortality were included in the model as controls: 19 

Age was assessed as a continuous variable, sex was coded as male (reference) and female. 20 

Marital status was coded as follows: 1= single, including never married, divorced, separated 21 

or widowed (reference); 2= married. Body mass index (BMI) was measured on continuous 22 

scale, and was calculated from measured height and weight using the formula kg/m2. 23 

Measurements were taken of participants dressed in light clothing. 24 

 25 

Statistical analysis 26 

Stata version 13 was used for preliminary analyses, and Mplus version 7.4 was used for the 27 

structural equation modeling analyses [23]. Initially, descriptive statistics were computed for 28 

the non-imputed dataset. This included frequencies and percentages for categorical variables 29 

and means and standard deviation for continuous variables. Differences in baseline 30 
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characteristics among deceased and alive participants were compared using the likelihood-1 

ratio test (G-test) for categorical variables and t-tests for continuously scaled variables. 2 

Spearman’s correlation coefficients were computed to investigate bivariate associations 3 

among the variables used in this study. Socio-demographic and behavioral variables showing 4 

a statistically significant relationship (p ≤ 0.05) with socioeconomic position variables or all-5 

cause mortality in preliminary analysis were then included in structural equation models for 6 

mediation analyses.  7 

Subsequently, proportional hazards in a structural equation modeling framework was used to 8 

evaluate mediating pathways that may play a role in the link between socioeconomic position 9 

and mortality.[24]  A complete case approach in proportional hazards regression models has 10 

been shown to be inappropriate when data are not missing at random.[25] To reduce potential 11 

bias caused by missing data, we used multiple imputation procedure with 20 imputations to 12 

replace missing values on health behaviours and allostatic load. Analyses repeated on the 13 

complete-case dataset produced largely concordant results with those from imputed models 14 

(Table S1). The SEM analysis proceeded in two stages: 1) Confirmatory factor analysis of SEP 15 

latent variable was conducted to evaluate the model fit using a robust weighted least squares 16 

(WLSMV) estimation implemented in MPlus. Evaluation of model fit was determined by the 17 

following indices: Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI) and the root mean 18 

square error of approximation (RMSEA). A value of CFI ≥0.95, TLI ≥0.95, and RMSEA<0.06 19 

were considered indicative of good model fit.[26] 2) the full hypothesized structural 20 

relationships between variables were tested as shown in Figure 2. We estimated direct effects 21 

of SEP on mortality risk, and indirect effects were investigated to further test the mediating 22 

role of allostatic load, smoking status and physical exercise in the relationship between SEP 23 

and mortality. Indirect effects were calculated by multiplying the two parameters involved in 24 

the mediation.[27] For example, to obtain the effect of SEP on mortality through the allostatic 25 

load, the raw coefficients for the effect of SEP on AL (Path a) was multiplied by the effect of 26 

AL on mortality (Path b). The regression coefficients were exponentiated to obtain hazard 27 

ratios (HRs). The total effect of SEP on the outcome was computed by adding the direct and 28 

indirect effects of the exogenous variable on the outcome. The proportion mediated (for each 29 

individual mediator and for all mediators combined) was determined by dividing the indirect 30 

effect by the total effect. The maximum likelihood (MLR) estimator was used to produce 31 

parameter estimates and standard errors that were robust to non-normality as the allostatic 32 

load variable had small degrees of skewness and kurtosis. All reported P values were two-33 
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sided and statistical significance was set at 0.05.  1 

 2 

Results 3 

 4 

Sample characteristics  5 

 6 

Descriptive statistics of the non-imputed sample are presented in Table 1 for the whole sample 7 

and by vital status. A total of 5,618 deaths (7.9%) occurred during the follow-up period and the 8 

mean length of follow-up was 15.2 years (standard deviation 2.9). In the overall sample, mean 9 

age was 50.9 years (Standard deviation 7.7) with 61.1% being male. 33.8% of the participants 10 

attained university level qualifications, 32.8% completed high school, 17.2% had middle 11 

school education, while 16.2% of the participants had no formal education or completed only 12 

up to primary level. Reported monthly household income ranged from less than or equal to 13 

1,500,000 Korean Won (KRW) (37.4%) to more than 4,000,000 KRW (15.2%), with ≤1,500,000 14 

KRW being the most frequently endorsed income range, followed by 2,000,000-3,000,000 15 

KRW (33.5%). Most of the participants were married (91.3%); 7.5% were single (either never 16 

married, divorced, widowed or separated). There were 46,866 (66.3%) non-smokers, and 17 

22,834 (32.3%) current smokers. 44.7% of participants reported engaging in regular physical 18 

exercise.  19 

 20 

Deceased persons were older and had a higher percentage of men than surviving study 21 

participants. The mean allostatic load score was higher among deceased than survivors (2.3 22 

vs. 1.9; p <0.001). Further, there were statistically significant differences between deceased 23 

and alive participants in terms of smoking status (42.6% current smokers in the deceased 24 

group compared to 31.4% in the alive group; p < 0.001) and physical exercise (45.2% of alive 25 

participants engage in regular physical exercise compared to 39.6% in the deceased group). 26 

The effect of alcohol consumption was tested in a preliminary analysis and found to be non-27 

significant, therefore were not considered further for the present analysis. 28 



10 

 

Table 1 Socio-demographic and behavioural characteristics of deceased and surviving participants in KMSMS. 

Variablesa    
Total        
N=70,713 (%) 

  
Alive                 
N (%)          

Deceased                          
N (%)                

P-valueb 

All     65,095 (92.1) 5,618 (7.9)  

Age (mean, SD)  50.9 (7.7)  50.3 (7.3) 50.9 (7.7) <0.001 
Gender Male 43,232 (61.1)  39,113 (60.1) 4,119 (73.3) <0.001 
 Female 27,481 (38.9)  25,982 (39.9) 1,499 (26.7)  
       

Income level (Unit:10,000won) Q1 (≤150) 26,433 (37.4)  23,634 (36.3) 2,799 (49.8) <0.001 
 Q2 (200-300) 23,699 (33.5)  22,042 (33.9) 1,657 (29.5)  
 Q3 (350-400) 9,811 (13.9)  9,165 (14.1) 646 (11.5)  
 Q4 (>400) 10,770 (15.2)  10,254 (15.7) 516 (9.2)  
       

Education level  No formal education or upto primary level (≤ 6 years)  11,442 (16.2)  9,906 (15.2) 1,536 (27.3) <0.001 
 Middle school (7-9 years) 12,187 (17.2)  11,056 (17.0) 1,131 (20.1)  
 High school (10-12 years) 23,217 (32.8)  21,671 (33.3) 1,546 (27.5)  

 University or above (≥13 years)  23,867 (33.8)  22,462 (34.5) 1,405 (25.1)  
       

Occupational status Unemployed 22,946 (32.5)  21,110 (32.4) 1,836 (32.7) <0.001 
 Simple labour/manufacturing 11,937 (16.9)  11,028 (16.9) 909 (16.2)  
 Agriculture/Forestry/Fishery 3,620 (5.12)  2,994 (4.6) 626 (11.1)  
 Service and sales workers 11,442 (16.2)  10,556 (16.2) 886 (15.8)  
 Clerical 12,058 (17.0)  11,292 (17.4) 766 (13.6)  
 Professional & managerial position 8,710 (12.3)  8,115 (12.5) 595 (10.6)  
       

Marital status Single (Never married, divorced, separated, widowed) 5,274 (7.5)  4,730 (7.3) 544 (9.7) <0.001 
 Married 64,619 (91.3)  59,644 (91.6) 4,975 (88.6)  
 Missing 820 (1.2)  721 (1.1) 99 (1.7)  
       

Smoking status        
 Current smoker 22,834 (32.3)  20,441 (31.4) 2,393 (42.6) <0.001 
 Non-smoker  46,866 (66.3)  43,718 (67.2) 3,148 (56.0)  
 Missing 1,013 (1.4)  936 (1.4) 77 (1.4)  

Physical exercise      <0.001 
 No 36,470 (51.6)  33,259 (51.1) 3,211 (57.2)  
 Yes 31,630 (44.7)  29,405 (45.2) 2,225 (39.6)  
 Missing 2,613 (3.7)  2,431 (3.7) 182 (3.2)  

Allostatic load   (0-7; continuous) Mean (SD) 1.96 (1.2)  1.9 (1.2) 2.3 (1.3) <0.001 
 Missing 52,507 (74.3)     

       
a Data are presented as means (± SD) for continuous variables and percentage for categorical variables.  
b P-values from T- tests for continuous variables and likelihood-ratio tests (G-test) for categorical variables.  
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Bivariate Correlations  1 

As can be seen in Table 2, there were generally small to moderate correlations between study 2 

variables. Allostatic load (AL) had small but significant inverse correlation with education (r=-3 

0.11), household income (r=-0.15) and occupation (r=-0.04); all p-4 

values < 0.001 by Spearman's rank. A significant positive relationship was identified between 5 

AL and all-cause mortality (r=0.07). The Spearman’s rank correlation test showed that physical 6 

exercise is positively correlated with education (r=0.02), household income (r=0.14), 7 

occupation (r=0.10) and inversely correlated with mortality (r=-0.02). Non-smoking status 8 

significantly negatively correlated with occupation (r=-0.09) and mortality (r=-0.05), while 9 

education (r=0.02) and household income (r=0.14) were positively correlated with non-10 

smoking status.  11 

 12 

Table 2 Spearman's rank correlation among study variables  13 

  1 2 3 4 5 6 7 8 9 10 

1. Age 1 
         

2. Gender 0.12*** 1 
        

3. Marital status -0.05*** -0.12*** 1 
       

4. Education -0.26*** -0.15*** 0.17*** 1 
      

5.Household 
income 

-0.06*** 0.12*** 0.13*** 0.59*** 1 
     

6. Occupation -0.18*** -0.39*** 0.08*** 0.48*** 0.34*** 1 
    

7. Non-smoking 
status 

0.10*** 0.38*** 0.01 0.02* 0.14*** -0.09*** 1 
   

8. Physical 
exercise 

-0.02** -0.14*** 0.04*** 0.19*** 0.08*** 0.10*** 0.04*** 1 
  

9. Mortality 0.17*** -0.03*** -0.04*** -0.09*** -0.05*** -0.03*** -0.05*** 0.02** 1 
 

10. Allostatic 
load 

0.11*** -0.06*** -0.06*** -0.11*** -0.15*** -0.04*** -0.02* 0.04 0.07*** 1 

Note: . *p < .05. **p < .01. ***p < .001. 14 
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Structural Equation Modeling 1 

Evaluation of Measurement Model and Mediation Analyses 2 

Confirmatory factor analysis was used to test the measurement properties of the latent 3 

variable for socioeconomic position using three variables (education, household income, and 4 

occupation). The results indicated that all factor indicators were significantly loaded on the 5 

corresponding SEP latent construct. The standardized loadings ranged from 0.45 to 0.97, with 6 

all significant at the <0.001 level. The fit of measurement model was excellent (CFI=1.00, 7 

TLI=1.00, RMSEA<0.01), with CFI and TLI values greater than 0.95 and RMSEA smaller than 8 

0.06.  9 

 10 

The direct effects of SEP on mortality and the indirect effects of SEP on mortality via the 11 

proposed mediators, allostatic load, smoking status and physical activity are presented in 12 

Figure 2. As shown in Figure 2, allostatic load was significantly related to both SEP and 13 

mortality and therefore served as a mediator between the SEP and mortality relationship. The 14 

path from SEP to AL, the posited mediator, was significant (Path a, unstandardized 15 

coefficient = -0.186, P<0.001). Secondly, the path from AL to mortality, the outcome, was also 16 

significant (Path b, HR= 1.113, P < 0.001). The indirect effect of SEP on mortality through 17 

allostatic load was HR=0.980, P<0.001 (Table 3). Similar results were found for physical 18 

exercise and non-smoking status. The results showed significant indirect effects of SEP on 19 

mortality through physical exercise (HR=0.985, P< 0.0001) and non-smoking status (HR= 20 

0.978, P< 0.0001). Furthermore, the direct effect of SEP on mortality remained significant after 21 

including all the hypothesized mediators in the regression (Path c, HR= 0.781, P< 0.001). 22 

Therefore, the mediation effects of these variables on SEP and all-cause mortality were 23 

suggestive of partial mediation. Overall, the total effect of SEP on mortality was significant 24 

(HR= 0.738, P<0.001). Of the total effect of SEP on mortality, 18.7% was mediated by the 25 

intervening variables and 81.3% of the total effect was unmediated or a direct effect. Allostatic 26 

load, non-smoking and physical exercise contributed 6.6%, 7.2%, and 4.9%, respectively to 27 

the total effect of SEP on mortality. 28 

 29 

<Figure 2 about here>  30 



13 

 

Table 3 Total, Direct and Indirect Effects of Socioeconomic Position on All-cause Mortality Mediated Through Allostatic Load and Health Behaviours. 

     

  

  Regression coefficient (S.E) 
Hazard ratio (95% 

confidence interval) 
p-value 

Direct effect     

SEP→Mortality -0.247 (0.018) 0.781 (0.758 to 0.804) P<0.001 

Indirect effects    

SEP→AL→Mortality  -0.020 (0.004) 0.980 (0.973 to 0.987) P<0.001 

SEP→ Non-smoking status→Mortality -0.022 (0.002) 0.978 (0.975 to 0.981) P<0.001 

SEP→Physical exercise→Mortality -0.015 (0.003) 0.985 (0.980 to 0.990) P<0.001 

Total effect of SEP on Mortality  
(Sum of indirect effects and direct effect) 

-0.304 (0.016) 0.738 (0.718 to 0.758) P<0.001 

    

Proportion of the effect of SES on Mortality that was :    

Mediated by AL (%) 6.6   

Mediated by non-smoking (%) 7.2   

Mediated by physical exercise (%) 4.9   

Total indirect effect (%) 18.7   

Direct effect (%) 81.3   

a Standard error      

Note: SEP=Socioeconomic Position; AL= Allostatic load;      
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Discussion 1 

The purpose of this study was to extend previous research on social inequalities in mortality 2 

by examining the underlying pathways through which socioeconomic position is linked with 3 

mortality using structural equation modeling (SEM). In contrast to the existing research, much 4 

of which has been derived from Western populations, our study is based on a large cohort of 5 

adults in South Korea.  6 

 7 

Consistent with prior findings[28, 29], we observed a significant inverse relationship between 8 

SEP and all-cause mortality. Moreover, SEP exerted an indirect effect on mortality through 9 

allostatic load, such that higher SEP was associated with lower allostatic load score, which in 10 

turn was associated with lower risk of death. These findings are concordant with numerous 11 

prior studies that have found a significant association of AL and its components with both 12 

socioeconomic position [11, 30] and mortality.[31, 32]. Although not a universal finding, several 13 

studies have yielded evidence to support the mediating role of AL in the link between SEP and 14 

mortality. For example, in the analysis of 1,189 initially high functioning men and women aged 15 

70 to 79 from the MacArthur study of Successful Aging, Seeman et al.[14] have demonstrated 16 

that approximately one-third of the educational differences in mortality was mediated by the 17 

summary index of allostatic load. Another study found that biological risk accounted for a 18 

substantial portion (between 19–36%) of social disparities in health among participants of the 19 

Survey on Stress, Aging, and Health (SAHR) in Russia.[15]  A Taiwanese study showed that 20 

higher allostatic load was independent determinant of self-rated health but no explanatory 21 

factor for socioeconomic differentials in health.[33] Our study found much weaker mediating 22 

effects of AL than that found in the MacArthur Study. One possible explanation for the 23 

contrasting results might be attributed to the variability in the choice of biomarkers used to 24 

represent AL. Unlike the MacArthur studies, our measure of AL did not include markers of 25 

neuroendocrine functioning. Previous studies indicated that neuroendocrine biomarkers, such 26 

as cortisol and Interleukin-6 are better predictors of mortality than metabolic biomarkers.[31, 27 

34] Consequently, allostatic load as defined in the present study may underestimate the extent 28 

to which cumulative biological risk factors mediate socioeconomic differences in mortality. 29 

 30 

Additionally, mediation analyses showed that SEP has modest but significant indirect effects 31 

on mortality through positive health behaviours, specifically physical exercise and non-32 

smoking status. Our findings are not directly comparable with previous studies because of the 33 
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differences in the set of behavioural and socioeconomic measures used. However, 1 

combinations of potentially modifiable behavioural risk factors (i.e smoking, alcohol 2 

consumption, physical activity and diet) have been found to account for between 8% and 45% 3 

of the socioeconomic differences in mortality.[3, 7] For example, in a 5-year follow-up of 4 

Korean adults, Khang & Kim concluded that smoking, alcohol consumption, and physical 5 

exercise accounted for around 8% of the income inequalities in all-cause mortality. In line with 6 

this, our study revealed a rather modest mediating effect of health behaviours, and this might 7 

be ascribed to the study design. In comparing mortality over a 19.4-year period, Stringhini and 8 

colleagues reported that health behaviours assessed at baseline explained 42% of the 9 

association between socioeconomic position and all-cause mortality, while this increased to 10 

72% when they were entered into the analysis as time-varying covariates.[7] Accordingly, 11 

future longitudinal studies using measures collected at multiple time points are recommended 12 

to increase the explanatory power of the mediating variables included in the present study. 13 

  14 

As noted earlier, only a moderate proportion of the total effect of SEP on mortality was 15 

accounted for by the proposed mediators and a substantial proportion was left unexplained in 16 

the current study. The remaining socioeconomic inequalities in mortality, after accounting for 17 

confounders and a wide range of mediators, may be partly explained by factors which we have 18 

not taken into account in the study. These include psychological factors and additional 19 

behavioral risk factors, such as dietary patterns, low perception of control, and social support, 20 

none of which were able to be investigated in our study. There is consistent evidence that diet 21 

is socially patterned and contribute substantially to socioeconomic inequities in health.[35] 22 

Based on the results of some previous studies we can speculate that negative emotions 23 

associated with low social position induce alterations in immune and neuroendocrine 24 

responses and cardiovascular function that affect health outcomes in the long term[36]. For 25 

example, low social status has been shown to be related to more chronic stressors in the form 26 

of negative life events, negative emotions and social isolation among individuals.[37, 38] In 27 

the work domain, adverse working conditions such as low job control and job overload tend to 28 

be more prevalent among individuals in low-status jobs, suggesting that psychosocial factors 29 

may act as a stress buffer against adverse health effects of low socioeconomic position. These 30 

remains an area for future research related to AL. 31 

 32 

Results of this study must be interpreted while considering study limitations. First, as the 33 

participants were recruited from health promotion centers via convenience sampling, the 34 
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sample may not be entirely representative of the overall population under study. Also, the use 1 

of cross-sectional data, limited our ability to establish causality between the relationships 2 

investigated. Additional research employing repeated measurements of the exposure and the 3 

mediators is needed to assess the temporal order of association suggested by the mediation 4 

model. Further limitation includes the use of self-reported measures of health behaviours 5 

which may have introduced recall and social desirability biases. Future studies that use both 6 

self-reported and objectively measured levels of physical activity by accelerometers are 7 

recommended to ascertain the findings of the present study. Moreover, unfortunately, the 8 

sample contained insufficient numbers of cardiovascular deaths to reliably explore cause-9 

specific mortality within this population. While all-cause mortality is a comprehensive indicator 10 

of inequalities in health, attention to specific causes of death in future studies will shed light 11 

on the precise pathways through which SEP is linked to health. Notwithstanding these 12 

limitations, our study has a number of methodological strengths. First, to best of our knowledge, 13 

this is one of the first studies to examine the links between SEP and mortality using structural 14 

equation modeling. The use of a large sample and the structural equation modeling approach 15 

enabled us to distinguish between indirect and direct effects among multiple behavioral and 16 

biological variables, and to analyze relationships at the latent variable level, which reduces 17 

variance due to measurement errors and minimizes multi-colinearity.[39].  18 

 19 

In conclusion, the present study expands previous literature on the impact of socioeconomic 20 

position on mortality by disentangling the underlying mechanisms in inequalities in health. 21 

Reducing socioeconomic disparities in mortality in the long term will require interventions that 22 

aim to reduce stress and promote behavioural changes, especially physical activity and 23 

smoking, among the socioeconomically disadvantaged groups. One important venue for future 24 

research would be to explore the impact of psychosocial resources such as perceived control 25 

which help combat negative consequences of stressors, on allostatic load and its mediating 26 

role on the relationship between socioeconomic status and health.  27 
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Supplementary Material 

Table S1. Total, Direct and Indirect Effects of Socioeconomic Position on All-cause Mortality Mediated Through Allostatic Load and Health Behaviours Based on 

Complete Cases Analysis (N=15,653) 

     

  

  Regression coefficient (S.E) 
Hazard ratio (95% 

confidence interval) 
p-value 

Direct effect     

SEP→Mortality -0.279 (0.037) 0.757 (0.711 to 0.803) P<0.001 

Indirect effects    

SEP→AL→Mortality  -0.017 (0.004) 0.984 (0.976 to 0.991) P<0.001 

SEP→ Non-smoking status→Mortality -0.025 (0.004) 0.976 (0.969 to 0.982) P<0.001 

SEP→Physical exercise→Mortality -0.006 (0.006) 0.994 (0.984 to 1.004) p=0.349 

Total effect of SEP on Mortality  
(Sum of indirect effects and direct effect) 

-0.327(0.035) 0.722 (0.681 to 0.764) P<0.001 

    

Proportion of the effect of SES on Mortality that was :    

Mediated by AL (%) 5.2   

Mediated by non-smoking (%) 7.7   

Mediated by physical exercise (%) 1.8   

Total indirect effect (%) 14.7   

Direct effect (%) 85.3   

a Standard error      

Note: SEP=Socioeconomic Position; AL= Allostatic load;      
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Figure legends 

Figure 1 Theoretical pathway linking SEP and health. 

Figure 2 Structural Equation Model for the Relationship between Socioeconomic Position, Allostatic 

Load, Health Behaviours and All-Cause Mortality. 
  



23 

 

Figure 1 
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Figure 2 

 


