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A B S T R A C T   

Long-term and cumulative social experiences influence an individual’s objective and subjective social status. 
Social determinants of health are more effectively investigated by longitudinal rather than cross-sectional 
studies. The primary focus of this study was the prospective effect of socioeconomic transition on health- 
related quality of life trajectories. The study population were adults over 18 years of age who responded in 
all nine waves of the Korea Health Panel (2009–2017). Data were analyzed by group-based trajectory modeling 
to identify health trajectories, and group-based multi-trajectory modeling to investigate combined change pat
terns of objective and subjective social status (i.e., multi-SES trajectories). To predict the effects of underlying 
socioeconomic measures on health trajectory group membership, we included these time-stable covariates in 
trajectory modeling and estimated the risk of belonging to each trajectory based on the measures. The health- 
related quality of life trajectories showed three patterns during the period 2013 to 2017; 13.7% of individuals 
had a low and declining health trajectory and the others had a higher stable health trajectory. Four types of 
multi-SES trajectory were derived during the period 2009 to 2013; the richer had a steeper income slope while 
there were slight changes in subjective social status among all groups. These combined longitudinal SES patterns 
in 2009–2013 were strong predictors of subsequent health trajectory group membership in 2013–2017. These 
findings indicate that rich countries, such as South Korea, may encounter growing income inequality, where 
individuals become entrenched in income disparity that pins down their perceptions of social position. Over time 
this rigid social structure will widen the gap in health-related quality of life.   

1. Introduction 

Social inequality and its consequences are a persistent concern. 
Because most countries have reached at least a reasonable life expec
tancy, even developing countries, the quality of life has been a focus 
rather than merely prolonging life (Roser & Ortiz-Ospina, 2016). How
ever, population health or quality of life rises substantially only in the 
early stages of economic growth, and additional economic growth adds 
nothing further to health in developed countries. Instead, inequality 
within a society explains differences in health (Wilkinson & Pickett, 
2010). Regarding these social gradients in health, we need to consider to 
whom, in what way, and which consequences have occurred and will 
occur in the future. 

The strength of the association between social position and health 
disparities varies depending on which conceptual basis or definition is 

applied in terms of social position (Bartley et al., 1999). Here, we begin 
our discussion by briefly distinguishing among the notions of social 
class-based measures. Social class arises from interdependent economic 
and legal relationships among people within a society’s economic 
structure. Classes are forged by one another and exist only within these 
relationships, which are determined by the possession of property, 
ownership, and labor (Krieger et al., 1997). Socioeconomic position (i.e., 
SEP) is a combined concept with resource-based and prestige- or 
rank-based characteristics. This refers to whether material resources are 
sufficient to survive (Krieger et al., 1997) and to how groups stand in 
relation to each other (i.e., relative position in social hierarchies) (Gly
mour et al., 2014). Socioeconomic status (i.e., SES) is typically charac
terized by three dimensions—education, employment, and money—and 
is defined as “differences in the possession of resources” (Glymour et al., 
2014) or as “differential access to desired resources” (Oakes & Rossi, 
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2003). Unlike social class, people do not share a specific group con
sciousness within the SES framework. This is the case even for those in 
similar economic positions because SES is a temporary position that can 
change (Liu et al., 2004). Finally, Subjective social status (i.e., SSS) in
dicates an individual’s sense of his/her relative position in the social 
hierarchy (Adler & Stewart, 2007). SSS encompasses nuanced judg
ments on prestigious achievements, future life chances, and accumu
lated class-based experiences that have limitations when measured 
using SES or SEP indicators (Singh-Manoux et al., 2005). 

The mechanism of evolving health inequalities varies according to 
the properties of each class-based measure (Bartley et al., 1999). Social 
class is logically prior to the existence of income or social status distri
bution, hence generating and facilitating the persistence of inequalities 
in income, wealth, and health (Krieger et al., 1997). Low-SES individuals 
are more likely to be exposed to risk factors related to diseases. By 
contrast, high-SES individuals, who possess and have access to abundant 
resources (e.g., knowledge, money, and/or social networks), can avoid 
risks using resources in multiple ways (Link & Phelan, 1995). When 
understanding health inequalities one step further, the problem exists 
beyond the lack of medical use for the poor. The relative position in the 
social hierarchy determines autonomy and full social participation, and 
eventually better health (Marmot, 2006). Regarding SSS, the everyday 
experience of social class influences chronic perceptions of relative 
standing and how to evaluate the self (Kraus & Park, 2014). Therefore, 
low SSS correlates with chronic stress (Adler et al., 2000) and negative 
emotion (Operario et al., 2004) as well as a low level of material re
sources. The SSS affects health beyond conventional SES measures via 
sociological, psychological, and biological pathways (Hoebel & Lamp
ert, 2020). 

These social determinants of health tend to be long-term and cu
mulative in formation and in terms of their health effect. Early exposures 
may reinforce or prevent vulnerability to exposures in later life, which is 
linked to disease outcomes (Berkman, 2009). Furthermore, the effects of 
chronic exposure to socio-environmental stressors on health can mani
fest over decades through a complex and long causal pathway (Brave
man & Gottlieb, 2014). Therefore, the longitudinal effects of life-course 
socioeconomic position on the quality of life vary depending on which 
life-course model is used in the analysis (Niedzwiedz et al., 2012). A 
group-based trajectory modeling can identify developmental trajec
tories of the variables of interest over time (Nagin & Odgers, 2010). This 
method highlights the life-course perspectives in health or etiology and 
can provide longitudinal evidence for causal inferences among SSS, SES, 
and health. 

Furthermore, because social determinants of health interact, an 
innovative approach is needed to model complicated relationships 
(Braveman & Gottlieb, 2014). Objective and subjective status cannot be 
divided because SES is a determinant of SSS (Singh-Manoux et al., 2003) 
and SSS can be used as an indicator variable of SES (Oakes & Rossi, 
2003). SSS and SES indicators were formerly entered simultaneously 
into a multiple regression model regarding health outcome as the in
dependent variable or covariate to account for their interaction (Adler 
et al., 2000; Demakakos et al., 2008; Goodman et al., 2003; Operario 
et al., 2004; Singh-Manoux et al., 2003, 2005). Class discrepancy or 
status inconsistency can be applied to examine how a combination of 
factors influence health. A prior work compared the subjective class 
identification (e.g., which class people think they belong to [lower, 
working, middle, or upper class]) to the actual SES (Hodge & Treiman, 
1968; Hout, 2008). Macleod et al. (2005) investigated contradictory 
class locations and how they affect mortality and morbidity (Macleod 
et al., 2005). Recently, status inconsistency using a scale of 
self-anchoring at the 10-rung social ladder, rather than class identifi
cation, has been applied in health research (Zang & Bardo, 2019). 

However, these approaches have been criticized for ambiguity and 
ambivalence. Unlike those of very high or low SES, status inconsistency 
often appears in the middle class, who objectively have mixed and 
complicated attributes. Depending the attribute on which a survey 

question is focused, people are forced to answer that they are in the 
middle class or working class. Those with income, education, and 
occupation near class borders have an ambiguous subjective class (Hout, 
2008). Classifying these mixed characteristics is important in social class 
research. 

As a method of modeling individual-level heterogeneity, group- 
based trajectory modeling can classify the population by detecting un
observed heterogeneity between groups (Nagin, 2009). Furthermore, 
group-based multi-trajectory modeling can identify trajectory groups 
across multiple indicators and detect interrelationships of relevant in
dicators, revealing combined change patterns (Nagin et al., 2018). 

To the best of our knowledge, few studies have evaluated the lon
gitudinal effects of combined objective and subjective social status on 
health inequalities. Therefore, we investigated the longitudinal rela
tionship between changes in multiple social status indicators and 
changes in health-related quality of life (HRQoL). The research hy
potheses were as follows.  

(1) The change pattern of HRQoL over time can be identified as 
distinct trajectories, which have significantly different charac
teristics at baseline.  

(2) New socioeconomic groups can be identified by tracing the 
combination of objective and subjective social status over time.  

(3) The underlying socioeconomic characteristics determine the 
probability of subsequent HRQoL trajectory group membership. 

2. Materials and methods 

2.1. Data and study population 

We used the Korea Health Panel Survey (KHPS) data version 1.6 from 
2009 to 2017, which is conducted annually by the Korea Institute for 
Health and Social Affairs (KIHASA) and the National Health Insurance 
Service (NHIS) consortium. This survey is nationally representative of 
South Korea, being based on Population and Housing Census data from 
16 districts nationwide. The first-period panel (i.e., original panel) 
started in 2008. After 2014, to compensate for attrition, approximately 
2500 households were added as the second-period panel. KHPS in
vestigates medical usage, health behaviors, outcomes, and socioeco
nomic characteristics. Trained surveyors collect the data during a home 
visit (KIHASA & NHIS). The raw data are accessible to all and may be 
obtained by submitting a requisition form via the official KHPS website 
(www.khp.re.kr:444/). 

We merged nine waves of the KHPS (2009–2017) by individual 
identification key variable. We excluded the data of the underage re
spondents because they did not answer health-related domains. More
over, we set eligibility as the respondents from the first-period original 
panel because one of the primary interest variables—subjective social 
status—was included only in the 2009, 2011, 2012, and 2013 KHPS. A 
total of 26,507 respondents joined the survey during 2009–2017, 
including the underage or those from the second panel. There were 
21,204 adults over 18 years of age. Among them, 13,821 adults were 
from the original panel (starting in 2009). Within the original panel, 
7642 individuals responded to the nine waves of the survey (i.e., 
balanced panel) and 6179 individuals showed intermittent responses or 
withdrawals. 

We tested the bias of panel attrition (i.e., whole-wave missing) and 
randomness on missing data (i.e., within-wave missing). To detect panel 
attrition bias in the unbalanced panel, we estimated a fixed-effect model 
and tested for the significance of a term indicating ‘the period just before 
attrition for each individual’ (Wooldridge, 2010). We performed Little’s 
MCAR test for each wave to test the assumption of missing completely at 
random (MCAR) (Little, 1995). If each panel wave was not MCAR, 
covariate-dependent missingness (CDM) assumption was tested to 
ascertain missing at random (MAR) (Fitzmaurice et al., 2008; Li, 2013). 
The results showed no specific pattern of panel attrition, indicating 
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MCAR, and each wave can be considered, at least, as MAR. Therefore, 
we created a balanced panel dataset, guaranteeing unbiased results. A 
total of 7642 individuals (3324 [43.5%] males and 4318 females 
[56.5%]) were included in the analysis. 

2.2. Measures 

2.2.1. Health outcome: HRQoL 
To assess HRQoL, we used the Euro-QoL-5 Dimension (i.e., EQ-5D) 

indicators. The EQ-5D questionnaire comprises five health dimen
sions—mobility, ability to self-care, ability to undertake usual activities, 
pain and discomfort, and anxiety and depression. Each response had 
three levels—no problem, some problems, and extreme problems. The 
EQ-5D indicators were summarized and scored using weights based on 
South Korean studies. The estimation equation is described elsewhere 
(Lee et al., 2009). 

2.2.2. Socioeconomic indicators 
In this paper, equivalized household income is used to represent the 

SES. Household income was the sum of the labor income of all household 
members and capital income for the last year and was equivalized by the 
square root of the number of household members (OECD, 2012). This 
equivalent income had several extremes, up to more than sevenfold the 
interquartile range. These values showed substantial decreases or in
creases compared to the next year in repeated observations. We, there
fore, regard these extremes (30 households) as reporting errors and 
treated them as missing values. 

To define relative income, we sorted equivalized income of a 
household unit in order and computed its rank using the Weibull for
mula. This income rank, calculated at the household level, was assigned 
to each household member. 

To measure subjective social status (i.e., SSS), the survey uses the 
same image as the youth version of the MacArthur scale. It depicts a 10- 
rung ladder picture of the structure of society, i.e., best off at the top and 
worst off at the bottom. Participants are asked where they think their 
family would be on the ladder (Goodman et al., 2001). The comparison 
reference is overall society, and the evaluated target is the familial sit
uation rather than their own as individuals. 

We composed measures of status inconsistency using objective status 
of household income and the SSS. Household income and SSS were 
divided into five deciles and we defined the lower 40% as low status, 
40–80% as middle, and upper 20% as high status. By comparing each 
category, we identified groups with a consistent status (i.e., SSS = in
come) and inconsistent status (i.e., SSS > income or SSS < income). 

2.2.3. Covariates 
The baseline covariates were those in 2009. Individual factors 

included sex, age, years of education, and employment status. House
hold environment consisted of family role, household composition, 
marital status, house type, and homeownership. Health behaviors con
sisted of smoking, risky drinking, sleeping time, and obesity (18.5 BMI 
≤ normal weight <23.0 BMI; according to the Asia-Pacific standards of 
the World Health Organization (2000) guidelines). We considered co
morbid conditions by calculating the Charlson Comorbidity Index (CCI) 
according to Quan’s ICD-10 classification with updated weights (Quan 
et al., 2011). 

2.3. Statistical analyses 

To identify clusters of trajectories, we applied group-based trajectory 
modeling (i.e., GBTM) (Nagin & Odgers, 2010). Change patterns in 
HRQoL were analyzed for the periods 2009 to 2017 and 2013 to 2017 
using GBTM. The combined change patterns of SES (household income) 
and SSS from 2009 to 2013 (i.e., multi-SES trajectories) were evaluated 
by group-based multi-trajectory modeling (i.e., the multi-GBTM 
method) (Nagin et al., 2018). A censored normal distribution was 

assumed for each analysis. We allowed different standard deviations for 
the trajectory groups. The criteria for the optimal number of groups and 
polynomial degree for each group were based on entropy, the Bayesian 
information criterion, and others (Nagin, 2009; Van Der Nest et al., 
2020), as detailed in Appendix A. 

To describe the income inequalities between multi-SES trajectories 
over time, we computed several income inequality measures (see Ap
pendix B) including the Generalized Entropy Class of Inequality Index, 
which was assigned a parameter (α) of 2 (i.e., GE[2]). This is decom
posable to within- and between-group inequality (Atkinson & Bourgui
gnon, 2014). 

Finally, to predict the impact of socioeconomic measures on HRQoL 
trajectory group membership, we introduced the time-stable covariates 
into trajectory modeling simultaneously (Jones & Nagin, 2012). This 
method can account for uncertainty about an individual’s group 
assignment, thus yielding unbiased results (Jones et al., 2001). We 
included the socioeconomic measures for 2009 and multi-SES trajec
tories for 2009–2013 as predictors; the HRQoL trajectory for 2013–2017 
was the dependent variable. The effects of predictors on the probabilities 
of group membership were provided in the form of a multinomial logit 
model. 

Data were analyzed using STATA version 15.1 and used STATA 
plugin ‘traj’ for GBTM and the multi-GBTM method. 

3. Results 

Health status as assessed by the five dimensions of the EQ-5D 
decreased slightly over time. The EQ-5D summation index (i.e., 
HRQoL) remained high, being 0.944 points in 2009 and 0.934 points in 
2017, however, since 2012, HRQoL decreased below the lower bound of 
the 95% confidence interval (CI) of 2009 (Table 1). 

Fig. 1 shows the HRQoL trajectories from 2009 to 2017 and 
2013–2017. The criteria for optimal model selection are provided in 
Appendix A Three health trajectories composed of intercept and linear 
terms were selected as the final model. The trajectory patterns were of 
similar shapes but had different group membership rates. From 2009 to 
2017, the majority (58.7%) were classified as near maximum and stable, 
32.3% were moderate (>0.9 points), and 9.0% had a low status in 2009 
that decreased over time. From 2013 to 2017, more participants (13.7%) 
were classified as having a low-declining health trajectory than during 
2009–2017. 

The baseline characteristics of 2009 according to the 2009–2017 
HRQoL trajectories are presented in Table 2. The low-declining group 
was predominantly females (75.0% of the sample) and more likely to be 
older (67.2 years) and less-educated (7.7 years) at baseline than the 
other health trajectory groups. The proportion of people who were not in 
employment was twofold higher in the low-declining group than the 
high-stable group (64.7% vs. 31.7%). Marital status of divorce or 
bereavement differed significantly between groups (38.5% in the low- 
declining group, 17.1% in the moderate-stable group, and 5.4% in the 
high-stable group, p < 0.001). The proportion of young dependents (e.g., 
children) was high in the high-stable group, and that of elder dependents 
(e.g., grandparents) was high in the low-declining group. The high- 
stable group was more likely to live in an apartment or owner- 
occupied home. 

The high proportion of smoking and drinking in the high-stable 
group may result from confounding effects due to unadjusted descrip
tion. In addition, abnormal body weight, lack of sleeping time, and 
prevalence of chronic diseases presented as CCI at baseline were risk 
factors for membership of the low-declining group. 

Regarding socioeconomic characteristics of, the median household 
income in 2009 differed significantly among the trajectory groups (468, 
848, and 1198 dollars per month in order). SSS at baseline differed from 
3.0 points to 4.3 points across trajectory groups. The proportion of 
people with a higher income than SSS was 33.9% in the high-stable 
group, 27.8% in the middle-stable group, and 15.8% in the low- 
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declining group. By contrast, the proportion of consistency (income =
SSS) increased with decreasing health trajectory group. 

Fig. 2 depicts the combined change pattern of objective and sub
jective social status from 2009 to 2013. The information used to select 
the optimal number of groups and the polynomial type of the trajectory 
is provided in Appendix A. Four multi-SES trajectories were derived. 
Each trajectory group was named on the basis of its shape: subsistence 
level (i.e., low SSS and the lowest income; 16.4%), relative deprivation 
(i.e., moderate SSS and low-stable income; 30.4%), upper-middle (i.e., 
moderate SSS and moderate-increasing income; 35.7%), and privileged 
(i.e., high SSS and high-increasing income; 17.5%). SSS was stratified in 
each trajectory and maintained with little variation over time. In addi
tion, household income tended to increase but had an uneven slope 
according to baseline income level. The higher the household income in 
2009, the steeper the slope of income growth. The results of the income 
inequality measure (see Appendix B) also showed that inequality be
tween multi-SES trajectory groups became greater over time. More in
formation on income inequality in the total study population and across 
multi-SES trajectories is presented in Appendix B. 

Table 3 shows the group membership probabilities of multi-SES 
trajectories from 2009 to 2013 and health trajectories from 2013 to 
2017. Individuals of subsistence level multi-SES were more likely to 
have a low-declining (0.390 probability) or moderate-stable (0.526 
probability) health trajectory. Among those of relative-deprivation 
multi-SES, the majority (63.4%) had a moderate-stable health trajec
tory. The probability of a maximum-stable health trajectory increased 
with multi-SES status. The probability distribution was similar for in
dividuals of upper-middle and privileged multi-SES. 

Table 4 shows the effects of socioeconomic predictors at baseline for 
the probability of belonging to each HRQoL trajectory group in 
2013–2017. We set the maximum-stable HRQoL trajectory as the 
referent and compared the relative risk of decreasing health trajectory 
according to type of socioeconomic measure. 

The model including objective household income (Model 1) or in
come rank (Model 2) of 2009 on trajectory group membership had 
similar model fitness (BIC = − 5187 and − 5190, respectively), indicating 
that an increase in income reduced the risk of being in the lower HRQoL 
trajectory groups relative to the maximum-stable group. The effects of 
SSS in 2009 on trajectory group membership remained significantly 
high after accounting for household income (Model 3 vs. 4). As one unit 
of SSS increased, the risk of being in the low-declining or moderate- 
stable group vs. the maximum-stable group fell by about 31% (i.e., 
0.69-fold of RRR) and about 13% (i.e., 0.87-fold of RRR) respectively 
(Model 4). That is, a higher SSS increased the likelihood of being in the 
maximum-stable trajectory group and had a protective effect on longi
tudinal health. 

The status inconsistency (Model 5) measure did not show statistical 
significance on moderate-stable vs. maximum-stable group member
ship. By contrast, a status of inconsistency (income > SSS or income <
SSS) relative to consistency (income = SSS) decreased the risk of being 
in the lower-declining vs. maximum-stable group by about 35%. That is, 
even one-side high had a protective effect on the low-decreasing health 
trajectory. 

Considering multi-SES trajectories (Model 6; the combined change 
patterns of income and SSS in 2009–2013), the risk of being in the low- 
declining vs. maximum-stable group was about 73% lower for the upper- 

Table 1 
Distribution of health-related quality of life from 2009 to 2017.  

Year N (Total = 7642) EQ-5D indicators (%) EQ-5D index 

Mobility Self-Care Usual Activities Pain & Discomfort Anxiety & Depression Mean (95% CI) 

2009 7166 87.7 98.4 92.9 68.4 86.8 0.944 (0.942, 0.946) 
2010 7323 88.9 97.6 92.3 66.9 83.6 0.939 (0.937, 0.941) 
2011 7311 88.3 97.4 93.2 69.3 84.5 0.943 (0.941, 0.945) 
2012 7325 87.7 96.2 92.2 68.0 85.1 0.940 (0.938, 0.942) 
2013 7335 85.9 95.3 90.6 66.6 85.3 0.936 (0.934, 0.938) 
2015 7453 85.6 95.1 90.6 67.5 86.1 0.937 (0.934, 0.939) 
2016 7441 85.7 95.0 90.2 67.8 84.0 0.935 (0.932, 0.937) 
2017 7456 85.1 94.5 89.6 66.4 87.5 0.934 (0.932, 0.937) 

Notes: Possible responses were No problem, some problems, and extreme problems. Values are the proportions of ‘No problem’ responses. The EQ-5D questionnaires 
were excluded in the 2014 survey. 

Fig. 1. Trajectories of health-related quality of life 
from 2009 to 2017 (A) and 2013 to 2017 (B). 
Notes: Observed group means for each year (sym
bol), estimated trajectories (lines), and estimated 
group percentages (%) are presented. EQ-5D in
dicators were not collected in the 2014 survey. We 
used a balanced panel for 2009–2017 containing 
7642 individuals. Nine observations were excluded 
in the trajectory model because they had no tra
jectory data.   
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middle or privileged group relative to the subsistence or relative 
deprivation group. Similarly, the risk of being in the moderate-stable vs. 
maximum-stable group was about 35% lower for the upper multi-SES 
groups relative to the lower multi-SES groups. 

4. Discussion 

We found that growing income inequality exacerbates health dis
parities, leading to better health for the better off. We identified a pro
longed HRQoL pattern of low and declining over time. By tracing the 
combined objective and subjective social status longitudinally, four 
multi-SES trajectories were derived, describing broaden between-group 
income inequality with static SSS. A high underlying SES had a pro
tective effect against belonging to the low-declining HRQoL trajectory 
group. In particular, the multi-SES trajectories had significant utility for 
explaining changes in health over time. 

The results show that 13.7% of individuals showed a deterioration of 
HRQoL during the period 2013 to 2017, whereas that of the majority 
was unchanged and high. Although South Korea, where the study 
sample was derived, was recently classified as a developed country 

(UNCTAD, 2021), the pattern of low and declining HRQoL over time 
suggests that the underprivileged are still excluded from economic 
development. Therefore, those with a longitudinally declining HRQoL 
trajectory should be targeted by health policies. 

The multi group-based trajectory model of objective and subjective 
social status in the period 2009 to 2013 indicated interactions between 
the two characteristics. The rich earn more money, but irrespective of 
income growth, people have a fixed perception of their social position 
over time; this has several possible interpretations. 

SSS is a valid and reliable indicator of cumulative socioeconomic 
circumstances. In previous studies of test-retest reliability, SSS showed 
good reliability within an interval of 14 days (Giatti et al., 2012) and 
adequate reliability for 6 months (Operario et al., 2004). Furthermore, 
the developmental trajectories of SSS are consistent during the transi
tion from adolescence to adulthood (Goodman et al., 2015). This 
reproducibility may be because SSS is a cognitive averaging of the 
standard markers of SES (Singh-Manoux et al., 2003). In particular, from 
the life-course perspective, SSS adequately summarizes the socioeco
nomic circumstances in different periods of life (Singh-Manoux et al., 
2005). SSS provides an aggregate estimate of one’s social experiences 

Table 2 
Sociodemographic characteristics at baseline (in 2009) across health-related quality of life trajectory groups (in 2009–2017).   

N (total = 7642) Low-declining (N = 655)a Moderate-stable (N = 2360)a High-stable (N = 4627)a p-valueb 

Individual factors 
Sex, Female (%) (N = 7642) 75.0 65.1 49.4 <0.001 
Age (Mean ± SD) (N = 7642) 67.2 ± 9.9 57.1 ± 12.9 45.0 ± 12.9 <0.001 
Education year (Mean ± SD) (N = 7642) 7.7 ± 5.4 9.8 ± 4.5 12.6 ± 3.4 <0.001 
Employment status (%) (N = 7631)    <0.001 

Employer/Self-employed/Regular worker  15.0 24.5 32.7  
Temporary worker  20.3 35.1 35.6  
Not in employment  64.7 40.4 31.7  

Household environments 
Marital status (%) (N = 7642)    <0.001 

Currently Married  58.9 77.4 80.1  
Formerly Married  38.5 17.1 5.4  
Never Married  2.6 5.5 14.5  

Family role (%) (N = 7607)    <0.001 
Head of household (HH)  50.8 45.3 47.4  

Spouse of HH  37.4 46.3 38.3  
Children of HH  1.5 4.4 13.6  
Parents of HH  10.3 4.1 0.7  

Type of house (%) (N = 7642)    <0.001 
House  74.4 65.6 49.1  
Apartment  20.5 30.5 47.9  
Others  5.2 3.9 3.1  

Homeownership (%) (N = 7642)    <0.001 
Owner occupied  69.9 76.0 72.6  
Chartered/Monthly rent/Free-offered  30.1 24.0 27.4  

Health-related conditions 
Smoking prevalence, yes (%) (N = 7545) 13.7 17.8 25.5 <0.001 
Risky drinking, yes (%) (N = 7641) 4.0 8.4 12.6 <0.001 
Obesity (%) (N = 7621)    <0.001 

Underweight (BMI <18.5)  6.1 4.0 4.1  
Normal weight (18.5≤ BMI <23)  38.6 39.6 47.6  
Overweight/obesity (23≤ BMI)  55.3 56.5 48.3  

Sleeping time (Mean ± SD) (N = 7166) 6.3 ± 1.6 6.6 ± 1.3 6.9 ± 1.2 <0.001 
Charlson Comorbidity Index, more than 1 (%) (N = 7642) 39.1 20.2 7.7 <0.001 
Socioeconomic indicators 
Household income (Median, IQR) (N = 7557) 467.6 (321.3–813.1) 847.9 (500.6–1334.2) 1197.8 (813.1–1738.1) <0.001 
Income rank (Median, IQR) (N = 7557) 0.2 (0.1–0.4) 0.4 (0.2–0.7) 0.6 (0.4–0.8) <0.001 
SSS (Mean ± SD) (N = 7165) 3.0 ± 1.5 3.6 ± 1.5 4.3 ± 1.5 <0.001 
Status inconsistency (%) (N = 7091)    <0.001 

Household income > SSS  15.8 27.8 33.9  
Household income < SSS  22.4 19.1 17.4  
Household income = SSS  61.8 53.1 48.7  

Abbreviations: Standard deviation (SD); head of household (HH); interquartile range (IQR); body mass index (BMI); subjective social status (SSS). 
Notes. 

a The number of individuals within each group is based on the most-likely trajectory group assignment (i.e., individuals classified based on the highest posterior 
probability). 

b Categorical variables were compared using Pearson’s chi-square test. Normally distributed continuous variables (i.e., age, education years, sleeping time, SSS) 
were compared by ANOVA; continuous, neither log normally or normally distributed variables (i.e., household income, income rank) were compared by Kruskal-Wallis 
rank test. 
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over a lifetime, which is problematic using conventional SES indicators 
(Wright & Steptoe, 2005). That is, the comprehensive and summative 
nature of SSS could render the pattern of SSS trajectories consistent and 
stable when the income patterns tend to increase. 

An alternative explanation is based on the psychological mechanism 
by which people perceive their status in the social hierarchy. The for
mation of SSS follows social comparison processes (Kraus et al., 2011; 
Mcleod, 2013). People set themselves on the social ladder by compari
son with others—within society overall or a group to whom they feel 
they belong. Therefore, the reference group set is crucial for determining 
SSS (Wolff et al., 2010). Growing income inequality between groups 
may reduce the opportunity for economic mobility, leading to a frag
mented society. Such a rigid society is likely to have consistent com
parison standards and little variation within and between reference 
groups. 

A further assumption is that SSS is more likely to reflect unchanging 
social classes rather than a volatile socioeconomic position or status. 
Although we used two types of SES measures, our results may demon
strate distinctive stratified social classes embedded within a society, 
which reinforce wealth and income inequality. Indeed, SSS is more 
strongly associated with wealth than with education or occupation type 
(Adler & Stewart, 2007; Demakakos et al., 2008). In developed countries 
in the 21st Century, wealth is highly concentrated in a few top wealth 
holders. The higher rate of return on capital than the economic growth 
rate has amplified wealth inequalities (Piketty, 2015). Furthermore, 
social prestige, power, or habitus are produced by social conditioning 
and contribute to sustaining existing structures and class-based in
equalities (Bourdieu, 1998; Doob, 2019). These attributes of wealth 
inequalities in the 21st Century may contribute to the shape of the 
combined SSS and income trajectories. In sum, the social structure pins 
down the SSS levels, restricting economic benefit largely to the privi
leged. Socioeconomic grouping depicts how an unequal society de
termines an individual’s objective and subjective social status. 

We examined the association between underlying SES and health 
trajectory according to several types of analysis. Consequently, three 
consistent results of this study illustrate that one’s underlying SES—
whether objective or subjective—is a significant risk factor for declining 
health trajectory, damaging health equity. First, we demonstrated the 
underlying characteristics across HRQoL trajectories. People with a low- 
declining health trajectory tended to have low levels of underlying SES 
(e.g., low income, low SSS, less-educated, not in employment, divorced 
or bereaved, or living in a monthly rent home). 

Second, we estimated the average probabilities of multi-SES trajec
tories (2009–2013) by temporally distinct HRQoL trajectories 
(2013–2017). The increased income inequalities during the period 2009 
to 2013 were associated with health trajectories during 2013–2017. This 
means that low and declining HRQoL may be a byproduct of stagnant 
inequalities and perception of a low social position. This result is in 
contrast to that of Nobles et al. (2013), who reported that declines in 
health induce declines in SSS, and there are bi-directional effects on 
health and SSS (Nobles et al., 2013). Given that they used data in 2000 
and 2007 from a developing country (Indonesia), this indicates the 
importance of cultural and economic differences between developed and 

Fig. 2. Group-based multi-trajectory 
modeling of longitudinal household income 
and subjective social status. 
Notes: Observed group means at each year 
(symbol), estimated trajectories (solid lines), 
and estimated group percentages (%) are 
presented. The degree of a polynomial for 
SSS was 0 (intercept), 1 (linear), 0 (inter
cept), and 0 (intercept) in order, and all 
parameters were significant. The degree of a 
polynomial for household income was 1 
(linear), 0 (intercept), 1 (linear), and 2 
(quadratic) in order, and each was signifi
cant except the last term of a quadratic 
function.   

Table 3 
Average posterior probabilities of HRQoL and multi-SES trajectory group 
membership.   

HRQoL trajectory (2013–2017) 

Low- 
declining 

Moderate- 
stable 

Maximum- 
stable 

(N = 939) (N = 4249) (N = 2454) 

Multi-SES trajectory of SSS & Income (2009–2013) 
Subsistence-level (N =

1275) 
0.390 0.526 0.083 

Relative 
deprivation 

(N =
2307) 

0.142 0.634 0.224 

Upper-middle (N =
2755) 

0.059 0.602 0.339 

Privileged (N =
1305) 

0.045 0.575 0.380 

Total (N =
7642) 

0.137 0.594 0.269 

Notes: Values are probabilities of membership of four multi-SES trajectories 
(shown in Fig. 2) by three HRQoL trajectories (shown in Fig. 1-B). The number of 
individuals (N) within each group is derived from the most-likely group mem
bership (i.e., individuals classified based on the highest posterior probability). 
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developing countries. The psychological mechanism—comprising social 
class, social value, and social cognitive tendencies that influence 
SSS—varies across cultures and socio-political contexts (Kraus et al., 
2012). The prestigious elements inherent to SSS may elevate health 
trajectories in developed countries, but they are not active in developing 
countries. 

Interestingly, the positive effects of the multi-SES trajectories did not 
enhance the HRQoL for those with middle or higher incomes. Indeed, 
the subsistence-level and relative-deprivation trajectory groups were 
associated with a low-declining health trajectory. However, the upper- 
middle and privileged trajectory groups had similar probabilities of 
having enhanced health trajectories. These results are in agreement with 
those of Braveman and Gottlieb (2014), who suggested a positive asso
ciation between social factors and health at thresholds above which 
greater income or other SES indicators no longer improve health 
(Braveman & Gottlieb, 2014). 

Third, we addressed a variety of SES indicators as predictors of 
HRQoL trajectory group membership. Every SES measure in our analysis 
showed that an increase in SES affected the likelihood of belonging to 
the maximum-stable HRQoL trajectory group. In particular, the longi
tudinal pattern of multi-SES trajectories significantly predicted health 
changes compared to the cross-sectional SES measures. Furthermore, 
one unit of increase in a socioeconomic indicator had a more significant 
protective effect on the low-declining health vs. maximum-stable health 
trajectory than on the moderate-stable vs. maximum-stable health tra
jectory. This means that objective or subjective SES is more effective for 
preventing a rapid deterioration in health, rather than maintaining a 
healthy state or increasing health. 

This study has three improved methodological aspects. First, this 
research overcomes the skewness and ceiling effect issues of the EQ-5D 

index, for which identifying latent class is typically applied (Alava et al., 
2012). We applied a latent class growth model to the HRQoL. Second, 
GBTM is a person-centered approach, as opposed to a variable-centered 
approach, enabling identification of different developmental courses 
between individuals based on qualitatively distinct features (Nagin & 
Odgers, 2010). Furthermore, the multi-GBTM method enabled investi
gation of the compact and transparent interrelationship between income 
and SSS. It provides meaningful social grouping, capturing the hetero
geneity of the population. This is an improvement over conventional 
approaches relying on arbitrary decisions that classify the population 
regarding social class or SES or that define inequalities by calculating, 
for example, the Gini index or top 1% share of income. Third, the 
dependent and independent variables were separated temporally using 
longitudinal datasets. A cross-sectional survey based on self-reporting is 
subject to common method variance. When the self-report of the internal 
state is collected simultaneously with the previous status using the same 
instrument, outcomes and predictors are vulnerable to inflation of cor
relation (Lindell & Whitney, 2001). 

This study also had several limitations. Regarding GBTM with time- 
stable covariates, observations with missing data in covariates were 
excluded from the analysis (Jones et al., 2001). Therefore, the missing 
covariates may influence the effects of risk factors on trajectory group 
membership (Ray et al., 2018). The EQ-5D indicator with three response 
levels mainly detects patients who responded ‘having extreme problems’ 
as health outcomes. Because mild but significant illness could not be 
adequately detected, the indicator shows low sensitivity to health 
changes (Herdman et al., 2011). It therefore may dilute the SES effect on 
health. Moreover, we used the youth version of the MacArthur Scale to 
measure subjective social status, which assesses one’s familial place
ment. This hampers comparison with studies using the adult version of 

Table 4 
Effects of socioeconomic predictors on HRQoL trajectory group membership.   

Health-related quality of life trajectories in 2013–2017 Model fit 
statistics 

Low-declining vs. Maximum- 
stable HRQoLa 

Moderate-stable vs. Maximum- 
stable HRQoLa 

RRRb (95% CI) p- 
value 

RRRb (95% CI) p- 
value 

Model 1c 

Ln(Household income) in 2009 0.45 (0.38–0.54) <0.001 0.75 (0.65–0.86) <0.001 (N = 6976) 
BIC = − 5187 
AIC = − 5063 

Model 2c 

Income rank in 2009 0.09 (0.05–0.15) <0.001 0.50 (0.37–0.69) <0.001 (N = 6983) 
BIC = − 5190 
AIC = − 5066 

Model 3c 

Subjective social status in 2009 0.64 (0.59–0.70) <0.001 0.86 (0.81–0.90) <0.001 (N = 7053) 
BIC = − 5236 
AIC = − 5113 

Model 4c 

Ln(Household income) in 2009 0.56 (0.46–0.67) <0.001 0.84 (0.73–0.96) 0.013 (N = 6975) 
BIC = − 5162 
AIC = − 5031 

Subjective social status in 2009 0.69 (0.63–0.76) <0.001 0.87 (0.83–0.92) <0.001 

Model 5c 

Status inconsistency in 2009: HI > SSS or HI < SSS (ref: HI = SSS) 0.65 (0.51–0.83) <0.001 0.98 (0.85–1.13) 0.791 (N = 6982) 
BIC = − 5228 
AIC = − 5105 

Model 6c 

Multi-SES trajectory group in 2009–2013: Upper-middle or Privileged (ref: 
Subsistence or Relative deprivation) 

0.27 (0.20–0.35) <0.001 0.65 (0.55–0.77) <0.001 (N = 7054) 
BIC = − 5245 
AIC = − 5122 

Abbreviations: Subjective social status (SSS); household income (HI); relative risk ratio (RRR). 
Notes. 

a Reference group: Maximum-stable HRQoL trajectory group. 
b As a result of multinomial regression, we estimated the relative risk ratio (RRR) of each covariate, which was interpreted as the relative risk of belonging to a 

comparison group vs. a reference group. 
c Each model was adjusted using the same set of 2009 covariates (sex, age, education year, economic activity, marital status, house type, homeownership, smoking, 

drinking, obesity, sleeping time, CCI). Categorical covariates were modified to binary. 
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the scale, which evaluates one’s own position. In addition, SSS was 
measured at the individual level, whereas household income was 
measured at the household level. This income measure does not fully 
reflect the distribution of income within a household, or differences in 
resource availability among household members. These measure-related 
limitations notwithstanding, it is to some degree reasonable that we 
combined household income and perception of family status in the 
analysis of multi-group-based trajectories. 

5. Conclusions 

The benefits from social structure are concentrated on the advan
taged while low-income groups are left behind. Income inequalities 
result in a lack of social mobility, both objectively and subjectively, and 
widen health disparities over time. A fast-growing and affluent society is 
at risk for inequitable health and unequal access to economic resources, 
which condemns low-income households to a cycle of being disadvan
taged and having a declining health status. 
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