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Abstract

Background The impact of socioeconomic status (SES) on arterial stiffness remains unclear. This study aimed to
explore the association between both personal and household income, as well as education level, and estimated
pulse wave velocity (ePWV).

Methods A total of 13,539 participants (mean age 52.9+16.7 years; 57.1% women) from the Korean National Health
and Nutrition Survey database were analyzed. For SES variables, information on personal and household income and
education level was collected using standardized questionnaires.

Results The ePWV did not show significant differences across groups categorized by individual income levels
(P=0.183). However, there was a noticeable trend of decreasing ePWV with increasing household income levels
(P<0.001). Additionally, ePWV demonstrated a significant negative correlation with higher education levels, indicating
that ePWV decreased in groups with higher educational attainment (P<0.001). In multiple linear regression analyses,
both household income (8 =-0.055; P<0.001) and education level (3 =-0.076; P<0.001) were negatively associated
with ePWV, even after adjusting for potential confounders.

Conclusions Lower household income and lower education levels were associated with higher ePWV, providing
further evidence of the influence of SES on arterial stiffness.

Introduction obesity [1, 2]. Lower SES individuals may lack the finan-

Socioeconomic status (SES) significantly influences car-
diovascular disease (CVD) risk, with individuals of lower
SES experiencing higher incidence of CVD and mortal-
ity [1]. Various mechanisms link SES to CVD, including
differential access to healthcare, unhealthy lifestyles due
to limited resources, chronic stress, and higher rates of
risk factors such as hypertension, cigarette smoking and
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cial capacity for preventive healthcare or treatment,
increasing their CVD risk [3]. Their restricted access to
healthy foods and safe physical activity environments
can promote unhealthy behaviors, contributing to obe-
sity and hypertension [4]. Chronic stress due to social
inequality can also precipitate CVD through elevated
inflammatory markers and sympathetic nervous system
activation [5].

Arterial stiffness information holds significance as it
can predict a patient’s cardiovascular risk [6, 7]. Pulse
wave velocity (PWV) is the most widely employed
method for measuring arterial stiffness [8]. Recently, a
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method for predicting PWV using age and blood pres-
sure information, devoid of a measurement tool, was
developed and validated [9]. Numerous studies have con-
firmed that estimated PWV (ePWV) is a robust predictor
of patients’ cardiovascular risk [10-13]. Since ePWV can
be acquired through a straightforward calculation for-
mula, requiring no specific measuring equipment, it pos-
sesses high future clinical utility.

Identifying the factors that escalate arterial stiffness is
crucial for risk prediction and treatment. From this per-
spective, the potential impact of SES on arterial stiffness
might be intriguing. However, there is scant knowledge
about whether SES truly influences arterial stiffness [14].
Thus, in this study, we aim to examine the association
between ePWV and SES, drawing on data from a large
cohort within a national study.

Methods

Study population

This study analyzed data from the Korean National
Health and Nutrition Survey (KNHANS) conducted
between 2019 and 2021. The KNHANES, conducted by
The Korea Disease Control and Prevention Agency, is a
nationwide survey designed to evaluate the health and
nutritional status of the Korean population [15]. It gath-
ers data on health-related behaviors, health conditions,
and the nutritional intake of Koreans through a combi-
nation of interviews, physical examinations, nutritional

assessments, and laboratory tests. This survey serves as
a foundation for public health policy-making, monitor-
ing risk factors for major diseases, and assessing trends
in health and nutrition within the Korean population
[16]. KNHANES data is publicly accessible online, allow-
ing researchers to use it for analysis. This study initially
targeted 15,407 adults aged between 20 and 80 years. Of
these, 918 individuals lacking blood pressure (BP) data,
62 individuals without income data, and 888 individuals
missing education level data were sequentially excluded,
resulting in a total of 13,539 participants being analyzed.
The flow diagram for study enrollment is shown in Sup-
plementary Figure S1. The study protocol was reviewed
and approved by the Institutional Review Board of
Boramae Medical Center, Seoul, Korea (approval num-
ber: 07-2023-41). Additionally, a waiver of consent was
obtained.

Clinical data collection

Height and weight were measured simultaneously using
automated equipment. Body mass index (BMI) was cal-
culated as weight in kilograms (kg) divided by the square
of height in meters (m?). Waist circumference was mea-
sured by a trained individual using a tape measure
around the navel, ensuring not to compress the skin, dur-
ing exhalation. Systolic and diastolic BPs were measured
using an automatic BP monitor following a standardized
procedure [17]. Information regarding cardiovascular
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risk factors including hypertension, diabetes mellitus,
dyslipidemia, smoking history, and history of angina,
myocardial infarction, and stroke was collected through
a standardized questionnaire. Following an overnight
fast, approximately 10 mL of blood was drawn from the
antecubital vein to measure the levels of various labora-
tory parameters including hemoglobin, glucose, glycated
hemoglobin, uric acid, creatinine, total cholesterol, low-
density lipoprotein cholesterol, high-density lipoprotein
cholesterol, and triglycerides. The glomerular filtration
rate was estimated using the Modification of Diet in
Renal Disease equation. Additionally, information on the
use of anti-hypertensives, anti-diabetics, and anti-dyslip-
idemics was collected from the participants.

ePWYV calculation

The calculation of ePWYV was performed according to
existing literature data [9, 12, 13]. Initially, the mean BP
(MBP) was calculated using the formula: MBP=dia-
stolic BP + [0.4 X (systolic BP-diastolic BP)]. Subse-
quently, ePWV was computed by incorporating the
patient’s age and MBP into the following equation: ePWV
(m/s)=9.587 - (0.402 x age) + (4.560x0.001 x age?) -
(2.621x0.00001 x age? x MBP) + (3.176x0.001 x age X
MBP) - (1.832%x0.01 x MBP) [9]. The distribution of
ePWYV is shown in Supplementary Figure S2.

SES

Although several variables correspond to SES, this study
focused on individual and household income, and edu-
cation level as two critical indicators of SES. These fac-
tors are essential for evaluating SES, and the KNHANES
provides this information. Data on monthly individual
and household income, as well as education level, were
obtained through a questionnaire. Individual and house-
hold income were stratified into four quartiles. Education
levels were categorized into four groups: no schooling or
elementary school only, middle school graduation, high
school graduation, and college graduation or higher.

Statistical analysis

Data were presented as meanzstandard deviation for
continuous variables, and n (%) for categorical variables.
Study subjects were divided into two groups based on
the median ePWYV (=8.47 m/s), and clinical character-
istics were compared. Continuous variables were com-
pared using the Student’s t-test, while non-continuous
variables were compared using the chi-square test. The
ePWYV values across different levels of individual and
household income and education were analyzed using
analysis of variance. To explore the independent asso-
ciations of ePWV with household income and educa-
tion level, multivariable linear regression and binary
logistic regression analyses were performed. For linear
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regression, adjustments were made for age, sex, BMI,
systolic BP, glycated hemoglobin, low-density lipoprotein
cholesterol, glomerular filtration rate, and uric acid level.
Binary logistic regression analysis included adjustments
for age, sex, BMI, hypertension, diabetes mellitus, dyslip-
idemia, cigarette smoking, glomerular filtration, and uric
acid level. These adjustments provided a comprehensive
evaluation of the independent relationships between
household income, education level, and ePWYV, while
accounting for a broad range of potential confounding
factors. This approach is essential to gain a more accurate
and detailed understanding of the association between
socioeconomic factors and arterial stiffness. In the mul-
tivariable linear regression analysis, multicollinearity
was assessed using the variance inflation factor (VIF),
with all independent variables showing VIF values below
3 [18]. For the multivariate binary logistic regression,
the dependent variable was classified according to the
median value of ePWV (=8.47 m/s). The goodness of fit
for the logistic regression model was evaluated using the
Hosmer-Lemeshow test, with all resulting P values being
>0.05 [19]. Analyses were two-tailed, and a P value<0.05
was considered statistically significant. All statistical
analyses were performed using SPSS version 26.0 (IBM
Corp., Armonk, NY, USA).

Results

Clinical characteristics of study subjects

Table 1 illustrates the clinical characteristics of the
patients included in the study. The mean age of the par-
ticipants was 52.9+16.7 years, with women constitut-
ing 57.1% of the study population. The average BMI
was 24.0%3.6 kg/m?% Both systolic and diastolic BPs fell
within the normal range. Hypertension, diabetes, and
dyslipidemia were present in 26.6%, 11.1%, and 22.7%
of the patients, respectively. The study identified 15.7%
of the participants as smokers. Additionally, 3.5% of the
patients had a history of angina pectoris or myocardial
infarction, and 2.6% had experienced a stroke. The major-
ity of blood test results were within the normal range.
Among the patients, 24.5% were taking antihyperten-
sive medications, 10.5% were on diabetes medications,
and 17.3% were receiving medications for dyslipidemia.
Compared to individuals with low ePWV (<8.47 m/s),
those with high ePWV (=8.47 m/s) exhibited unfavorable
results in almost all cardiovascular clinical indicators.

Associations of household incomes and education levels
with ePWV

The ePWV did not vary significantly across groups cat-
egorized by individual income levels (P=0.183). How-
ever, there was a noticeable trend of gradual ePWV
reduction with increasing household income lev-
els (P<0.001) (Fig. 1). Additionally, the ePWV value
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Table 1 Clinical characteristics of study subjects
Characteristic Total (n=13,539) Subjects with lower ePWV Subjects with higher ePWV P
(<8.47 m/s) (n=6,775) (=8.47 m/s) (n=6,764)
Age, years 529+16.7 394+10.7 66.4%9.1 <0.001
Female sex 7,724 (57.1) 4,002 (59.1) 3,722 (55.0) <0.001
Height, cm 163+9 166+8 160+9 <0.001
Weight, kg 644+128 658+139 63.1+114 <0.001
Waist circumference, cm 84.2+105 814+10.8 870+94 <0.001
Body mass index, kg/m? 240+3.6 237+38 244+33 <0.001
Systolic blood pressure, mmHg 119+£16 110+ 11 129415 <0.001
Diastolic blood pressure, mmHg 749+9.7 729485 76.9+10.5 <0.001
Cardiovascular risk factors
Hypertension 3,608 (26.6) 408 (6.0) 3,200 (47.3) <0.001
Diabetes mellitus 1,509 (11.1) 220 (3.2) 1,289 (19.1) <0.001
Dyslipidemia 3,069 (22.7) 602 (8.9) 2,467 (36.5) <0.001
Current smoking 2,119 (15.7) 1,229 (1801) 890 (13.2) <0.001
Previous angina or myocardial infarction 472 (3.5) 31(0.5) 441 (6.5) <0.001
Previous stroke 354 (2.6) 32(0.5) 322 (4.8) <0.001
Laboratory findings
Hemoglobin, g/dL 138+15 139+£16 13.7£14 <0.001
Fasting glucose, mg/dL 101£22 96.3+182 107£25 <0.001
Glycated hemoglobin, % 583+0.82 5.58+0.66 6.08+0.89 <0.001
Uric acid, mg/dL 513+1.38 5.16+1.40 510+1.36 0.016
Glomerular filtration rate, mL/min/1.73m? 91.1+193 9754175 846+189 <0.001
Total cholesterol, mg/dL 190+ 38 194+35 186+41 <0.001
Low-density lipoprotein cholesterol, mg/dL 115£36 122+36 108+36 <0.001
High-density lipoprotein cholesterol, mg/dL 522+12.8 542+13.0 502+122 <0.001
Triglyceride, mg/dL 128+97 12094 136+98 <0.001
Medications
Anti-hypertensives 3221 (245) 355(5.2) 2,966 (43.8) <0.001
Anti-diabetics 1,426 (10.5) 203 (3.0) 1,233 (18.1) <0.001
Anti-dyslipidemics 2,340 (17.3) 378 (5.6) 1,962 (29.0) <0.001
Numbers are expressed as mean+standard deviation or n (%). ePWV, estimated pulse wave velocity
A B
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Fig. 1 Associations of individual (A) and household (B) income with ePWV. ePWV, estimated pulse wave velocity

demonstrated a significant negative correlation with
higher education levels, indicating that ePWV decreased
in groups with greater educational attainment (P<0.001)
(Fig. 2). In the multiple linear regression analyses, both
household income (8 = -0.055; P<0.001) and educa-
tion level (8 = -0.076; P<0.001) were found to be nega-
tively associated with ePWV, even after adjusting for

potential confounders (Table 2). Moreover, multiple
binary logistic regression analyses revealed that lower
household income (comparing the lowest to the highest
quartile: odds ratio [OR]=3.13; 95% confidence interval
[CI]=2.58-3.79; P<0.001) and lower education level (no
schooling or only elementary school vs. college gradua-
tion or higher: OR=11.42; 95% CI=8.68—15.02; P<0.001)
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Table 2 Linear regression analyses showing the associations of ePWV with household income and education level
Unadjusted Adjusted*
B Standard error t P B Standard error t P
Household income -0.428 0.016 -55.16 <0.001 -0.055 0.011 -8.773 <0.001
Education level -0.633 0.013 -95.20 <0.001 -0.076 0.013 -10.197 <0.001

*Following clinical covariates were controlled during the analysis: age, sex, body mass index, systolic blood pressure, glycated hemoglobin, low-density lipoprotein

cholesterol, glomerular filtration rate and uric acid. ePWV, estimated pulse wave velocity

Table 3 Binary logistic linear regression analyses showing the
associations of higher ePWV (=8.47 m/s) with household income
and education level

Unadjusted Adjusted*
OR (95% Cl) P aOR(95% P
(d)]
Household income
The highest 1 - 1 -
The second 130(1.18-143) <0.001 132 <0.001
(1.13-1.55)
The third 244(222-269) <0001 199 <0.001
(1.69-2.34)
The lowest 830(7.37-933) <0.001 3.13 <0.001
(2.58-3.79)
Education level
College gradua- 1 - 1 -
tion or higher
High school 2.18(200-238) <0001 134 <0.001
graduation (1.17-1.54)
Middle school 15.18 <0001 3.17 <0.001
graduation (12.97-17.75) (2.55-3.95)
No schoolingor  90.02 <0.001 1142 <0.001
elementary school  (71.87-112.75) (8.68-15.02)

only

*Following clinical covariates were controlled during the analysis: age, sex,
body mass index, hypertension, diabetes mellitus, dyslipidemia, cigarette
smoking, glomerular filtration rate and uric acid. ePWV, estimated pulse wave
velocity; OR, odds ratio; Cl, confidence interval; aOR, adjusted odds ratio

were associated with a higher likelihood of having an
ePWV2>847 m/s, even after accounting for the con-
founding effects of major clinical variables (Table 3).

Discussion

Study summary

We aimed to investigate the link between arterial stiff-
ness and SES in a substantial cohort of Korean adults,
utilizing data from the KNHEANS. The principal finding
of our research indicated that while arterial stiffness, as
measured by ePWYV, was not associated with individual
income levels, it showed a significant correlation with
household income and the individual’s level of educa-
tion. Specifically, lower household income and lower
education levels were associated with higher ePWV val-
ues. This relationship remained statistically significant
in both univariate analyses and multivariate analyses
that adjusted for the influence of major clinical variables.
Although there have been some studies suggesting a link
between arterial stiffness and SES, to our knowledge,
none have specifically explored the relationship between
ePWYV and both household income and education level.

Previous studies on the association between SES and
arterial stiffness

In a longitudinal study of 3,836 British individuals, the
gradual increase in aortic PWV measured at five-year
intervals was more pronounced among those with lower
employment grades, low household income, and low edu-
cational attainment [20]. Poulakka et al. assessed arterial
PWYV and carotid distensibility in 2,566 participants, and
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found that higher SES in childhood was linked to lower
arterial stiffness in adulthood [21]. Additional research
on 1,761 individuals from the same cohort revealed that
high levels of neighborhood deprivation during both
childhood and adulthood were associated with increased
PWYV in later life, even after adjusting for age, sex, and
place of birth [22]. Another study, involving 3,342 par-
ticipants aged 67-89 years without CVD from the
Atherosclerosis Risk in Communities (ARIC) study, dem-
onstrated that higher education and income levels were
correlated with lower carotid-femoral PWYV (cfPWV)
values [23]. Moreover, in the ARIC study, analysis of
10,091 men and women aged 45—64 years revealed that
lower educational levels were linked to reduced carotid
artery pulsatility [24]. A few years prior, we analyzed data
from 13,004 Korean adults from the 2018 KNHANES
and found a significant negative correlation between
household income level and pulse pressure [25]. Further-
more, our analysis of 8,929 individuals undergoing CVD
evaluation revealed that baPWV values were signifi-
cantly higher among Medical Aid recipients compared to
National Health Insurance beneficiaries [14]. Our current
study also identified that elevated ePWV was associated
with lower household income and lower educational lev-
els, findings that align with those of previous research.
These results offer further evidence supporting the influ-
ence of SES on arterial stiffness.

Underlying mechanisms

The precise mechanisms underlying the association
between SES and arterial stiffness remain unclear, but
the relationship is complex and influenced by a myriad of
direct and indirect factors. Several hypotheses have been
proposed to explain this association. Firstly, lower SES
may hinder timely access to healthcare services, leading
to a higher prevalence and incidence of cardiovascular
risk factors such as hypertension, diabetes, and dyslip-
idemia, all of which can contribute to increased arterial
stiffness [1]. Furthermore, individuals with lower SES
often exhibit unhealthy lifestyle habits, including smok-
ing, excessive alcohol consumption, high intake of fast
food, and reduced physical activity, leading to a higher
prevalence of obesity—factors known to escalate arte-
rial stiffness [26]. Chronic stress, more common among
those facing financial hardships, job insecurity, and poor
living conditions associated with lower SES, can trigger
the release of stress hormones like cortisol, resulting in
vascular inflammation and heightened arterial stiffness
[27]. Environmental factors also play a role; lower SES is
frequently associated with living in areas of higher pollu-
tion and exposure to toxic substances, along with limited
access to green spaces. These conditions can lead to oxi-
dative stress and inflammation, further exacerbating arte-
rial stiffness [28]. Additionally, education, a component
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of SES, influences health literacy, impacting an individu-
al’s capacity to manage health risks, comply with medical
advice, and make informed health decisions. Higher lev-
els of education are linked to better health outcomes and
potentially reduced arterial stiffness.

Individual vs. household income

In our study, ePWV was not correlated with personal
income but showed a significant correlation with house-
hold income. While there has been limited research spe-
cifically addressing this observation, we propose several
possible explanations. Household income represents the
collective income of all members within a household,
thus providing a more comprehensive reflection of the
household’s overall economic situation. This collective
measure may have a more substantial impact on health
than individual income, influencing the health status of
all household members through various factors such as
dietary habits, living conditions, and healthcare access. A
higher household income enables better living standards,
including higher-quality diets, regular health check-ups,
and improved healthcare access. These elements are cru-
cial in preventing and managing conditions that influ-
ence arterial stiffness, like hypertension, diabetes, and
hyperlipidemia. Additionally, families with higher house-
hold incomes often have higher education levels, which
can lead to better health literacy, access to health infor-
mation, and healthier lifestyle choices. Educated families
are typically more informed about health issues and more
proactive in adopting preventive health measures. Con-
versely, lower household income environments are often
associated with increased psychological stress, which can
directly impact arterial stiffness through stress-induced
hormonal changes. This stress can lead to arterial stiff-
ening and elevated blood pressure [27]. Furthermore,
lower-income households are more likely to face adverse
environmental conditions, such as exposure to air and
water pollution and substandard living environments, all
of which can detrimentally affect health and contribute
to increased arterial stiffness [28]. These considerations
suggest that household income has a more pronounced
effect on health, particularly arterial stiffness, than indi-
vidual income. Nonetheless, further research is required
to more precisely elucidate this relationship.

The value of ePWV

The significant advantage of ePWV lies in its ability to be
calculated using only age and BP [9]. These two param-
eters are among the most fundamental and easily mea-
surable health indicators available. Consequently, ePWV
can be conveniently utilized across various medical set-
tings, from hospitals to clinics. The absence of a require-
ment for special equipment means that ePWV offers
a cost-effective method for assessing the risk of CVD.
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This feature is especially beneficial in regions with lim-
ited medical resources or in lower-income countries. The
capacity to estimate ePWV with just age and BP proves
exceptionally valuable for conducting large-scale popu-
lation surveys or research. It facilitates the identification
of demographic trends associated with cardiovascular
health and generates vital data for the formulation of
health policies and intervention strategies. Therefore,
the calculation and application of ePWV enhance the
accessibility of CVD risk assessment and management
on a wider scale, positioning it as a crucial instrument for
advancing cardiovascular health worldwide.

Clinical implications

Our study provides further evidence on the impact of
SES on arterial stiffness, suggesting that low SES may
adversely affect cardiovascular health. It underscores the
necessity of early cardiovascular risk assessments and
interventions, especially for individuals with lower house-
hold incomes or education levels. The findings advocate
for the customization of health promotion and preven-
tion programs to consider socioeconomic backgrounds,
indicating the need for specialized health improvement
initiatives targeting those with lower SES. Moreover, the
study emphasizes the crucial role of education in pro-
moting cardiovascular health. It calls for health-related
education programs and campaigns to increase aware-
ness about the benefits of a healthy lifestyle and to moti-
vate adoption across all societal strata. Addressing the
effects of low household income and education level on
cardiovascular health requires a multidisciplinary strat-
egy, involving collaboration among professionals from
the medical, educational, and social welfare sectors. This
comprehensive approach is vital for developing public
health policies that not only consider socioeconomic fac-
tors but also aim to mitigate health disparities among the
economically and educationally disadvantaged.

Study limitations

Our study has several limitations. Firstly, we performed
a cross-sectional analysis, and thus, our results do not
imply a causal relationship between SES and arterial stiff-
ness. Secondly, the BP measurement method used in
KNHANES from 2019 to 2021 varied slightly each year.
This variation might introduce some inconsistency in the
ePWYV values for each year. However, even when sepa-
rately analyzing subjects from 2019 to 2020 (n=9,215),
whose BP was measured using relatively similar methods,
the independent association between SES and ePWV was
also observed (Supplementary Table S1). Thirdly, in the
univariable analysis, almost all clinical indicators differed
between individuals with low and high ePWYV. How-
ever, not all of these indicators could be adjusted for in
the multivariable analysis. We performed multivariable

Page 7 of 8

adjustments mainly on indicators with relatively well-
known associations with arterial stiffness. Therefore,
although there may be variables we are not familiar with,
we must keep in mind the possibility that their confound-
ing effects may have influenced the results. Lastly, our
study population was restricted to the Korean general
population, which may limit the generalizability of our
results to other ethnic groups.

Conclusions

In Korean adults, lower household income and education
levels were found to be associated with increased ePWV,
offering further evidence of the impact of SES on arterial
stiffness. This underscores the heightened cardiovascular
risk among individuals with lower SES, highlighting the
need for targeted intervention.

Abbreviations
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BMI Body mass index
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MBP Mean blood pressure

PWV Pulse wave velocity
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VIF Variance inflation factor

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/540885-024-00284-7.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Author contributions

HLK contributed to conceptualization, design, data analysis, drafting and
preparation of the manuscript. SK and HSJ contributed to data analysis,
drafting and preparation of the manuscript. WHL, JBS, SHK, JHZ, and MAK
contributed to data gathering, data management, manuscript revision and

to the final version of the manuscript. All authors discussed the results and
commented on the manuscript. As the corresponding author, HLK had full
access to all the data in the study and was responsible for the decision to
submit this manuscript for publication. All authors read and approved the final
manuscript.

Funding
This study was supported by a research grant funded by the Korean Society of
Hypertension (No. KSH-R-2023-03).

Data availability

The KNHANES data is publicly accessible on the Korea Disease Control and
Prevention Agency website (https://www.kdca.go.kr/).

Declarations

Ethics approval and consent to participate
Not applicable.


https://doi.org/10.1186/s40885-024-00284-7
https://doi.org/10.1186/s40885-024-00284-7
https://www.kdca.go.kr/

Kim et al. Clinical Hypertension

(2024) 30:26

Consent for publication
Not applicable.

Competing interests
There are no competing interests associated with this manuscript.

Author details

'Division of Cardiology, Department of Internal Medicine, Seoul
Metropolitan Government-Seoul National University Boramae Medical
Center, Seoul National University College of Medicine, 5 Boramae-ro,
Dongjak-gu, Seoul 07061, Korea

Received: 30 March 2024 / Accepted: 26 August 2024
Published online: 01 October 2024

References

1.

Schultz WM, Kelli HM, Lisko JC, Varghese T, Shen J, Sandesara P, et al. Socio-
economic Status and Cardiovascular outcomes: challenges and interven-
tions. Circulation. 2018;137(20):2166-78.

Stringhini S, Carmeli C, Jokela M, Avendafio M, Muennig P, Guida F, et al.
Socioeconomic status and the 25 X 25 risk factors as determinants of prema-
ture mortality: a multicohort study and meta-analysis of 1-7 million men and
women. Lancet. 2017;389(10075):1229-37.

Avendano M, Kawachi |, Van Lenthe F, Boshuizen HC, Mackenbach JP, Van den
Bos GA, et al. Socioeconomic status and stroke incidence in the US elderly:
the role of risk factors in the EPESE study. Stroke. 2006;37(6):1368-73.

Pampel FC, Krueger PM, Denney JT. Socioeconomic disparities in Health
behaviors. Annu Rev Sociol. 2010;36:349-70.

Steptoe A, Marmot M. The role of psychobiological pathways in
socio-economic inequalities in cardiovascular disease risk. Eur Heart J.
2002;23(1):13-25.

Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of cardiovascular
events and all-cause mortality with arterial stiffness: a systematic review and
meta-analysis. J Am Coll Cardiol. 2010;55(13):1318-27.

Ohkuma T, Ninomiya T, Tomiyama H, Kario K, Hoshide S, Kita Y, et al.
Brachial-ankle pulse Wave Velocity and the risk prediction of Cardiovas-

cular Disease: an Individual Participant Data Meta-Analysis. Hypertension.
2017,69(6):1045-52.

Kim HL, Kim SH. Pulse Wave Velocity in Atherosclerosis. Front Cardiovasc Med.
2019,6:41.

Greve SV, Blicher MK, Kruger R, Sehestedt T, Gram-Kampmann E, Rasmussen
S, et al. Estimated carotid-femoral pulse wave velocity has similar predic-

tive value as measured carotid-femoral pulse wave velocity. J Hypertens.
2016,34(7):1279-89.

Vlachopoulos C, Terentes-Printzios D, Laurent S, Nilsson PM, Protogerou AD,
Aznaouridis K, et al. Association of estimated pulse Wave Velocity with Sur-
vival: a secondary analysis of SPRINT. JAMA Netw Open. 2019;2(10):e1912831.
Jae SY, Heffernan KS, Kim HJ, Kunutsor SK, Fernhall B, Kurl S, et al. Impact of
estimated pulse wave velocity and socioeconomic status on the risk of stroke
in men: a prospective cohort study. J Hypertens. 2022,40(6):1165-9.

Kim HL, Joh HS, Lim WH, Seo JB, Kim SH, Zo JH et al. Associations of estimated
pulse Wave velocity with body Mass Index and Waist circumference among
general Korean adults. Metabolites. 2023;13(10).

Kim HL, Joh HS, Lim WH, Seo JB, Kim SH, Zo JH et al. Estimated pulse Wave
Velocity in the prediction of clinical outcomes in patients undergoing drug-
eluting stent implantation. J Clin Med. 2023;12(18).

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 8 of 8

Kim HL, Lee JY, Lim WH, Seo JB, Kim SH, Zo JH, et al. Relationship of socio-
economic status to arterial stiffness: Comparison between Medical Aid
Beneficiaries and National Health Insurance Beneficiaries. Am J Hypertens.
2020;33(8):718-25.

Oh K, KimY, Kweon S, Kim S, Yun S, Park S, et al. Korea National Health and
Nutrition Examination Survey, 20th anniversary: accomplishments and future
directions. Epidemiol Health. 2021;43:2021025.

Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, et al. Data resource profile: the
Korea National Health and Nutrition Examination Survey (KNHANES). Int J
Epidemiol. 2014;43(1).69-77.

Kim HL, Park SM, Cho 1J, Kim YM, Kim DH, Kim SH, et al. Standardized protocol
of blood pressure measurement and quality control program for the

Korea National Health and Nutrition Examination Survey. Clin Hypertens.
2023;29(1):28.

Marcoulides KM, Raykov T. Evaluation of Variance inflation factors in regres-
sion models using Latent Variable modeling methods. Educ Psychol Meas.
2019;79(5):874-82.

Nattino G, Pennell ML, Lemeshow S. Assessing the goodness of fit of logistic
regression models in large samples: a modification of the Hosmer-Lemeshow
test. Biometrics. 2020;76(2):549-60.

Trudel X, Shipley MJ, McEniery CM, Wilkinson IB, Brunner EJ. Socioeconomic
status, education, and aortic stiffness progression over 5 years: the Whitehall
Il prospective cohort study. J Hypertens. 2016;34(10):2038-44.

Puolakka E, Pahkala K, Laitinen TT, Magnussen CG, Hutri-Kahonen N,
K&hdnen M, et al. Childhood socioeconomic status and arterial stiffness

in Adulthood: the Cardiovascular Risk in Young finns Study. Hypertension.
2017;70(4):729-35.

Kahonen E, Korpimaki S, Juonala M, Kdhonen M, Lehtimaki T, Hutri-Kahonen
N, et al. Neighbourhood deprivation in childhood and adulthood and risk

of arterial stiffness: the Cardiovascular Risk in Young finns study. Blood Press.
2023;32(1):2220037.

Spikes TA, Alam AB, Lewis TT, Gwen Windham B, Kucharska-Newton A,
Alonso A. Association of socioeconomic status with arterial stiffness in older
African American and white adults: the ARIC study cohort. Am J Prev Cardiol.
2023;13:100469.

Din-Dzietham R, Liao D, Diez-Roux A, Nieto FJ, Paton C, Howard G, et al. Asso-
ciation of educational achievement with pulsatile arterial diameter change
of the common carotid artery: the atherosclerosis risk in communities (ARIC)
Study, 1987-1992. Am J Epidemiol. 2000;152(7):617-27.

Kim HL, Chung J, Lim WH, Seo JB, Kim SH, Zo JH, et al. Association between
household income and pulse pressure: data from the Korean National Health
and Nutrition Examination Survey. Blood Press. 2021;30(4):258-64.

Zhang YB, Chen C, Pan XF, Guo J, Li'Y, Franco OH, et al. Associations of healthy
lifestyle and socioeconomic status with mortality and incident cardiovascular
disease: two prospective cohort studies. BMJ. 2021,373:n604.

Logan JG, Barksdale DJ, Carlson J, Carlson BW, Rowsey PJ. Psychological stress
and arterial stiffness in Korean americans. J Psychosom Res. 2012;73(1):53-8.
Zanoli L, Lentini P, Granata A, Gaudio A, Fatuzzo P, Serafino L, et al. A system-
atic review of arterial stiffness, wave reflection and air pollution. Mol Med
Rep. 2017;15(5):3425-9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The association between arterial stiffness and socioeconomic status: a cross-sectional study using estimated pulse wave velocity
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Clinical data collection
	﻿ePWV calculation
	﻿SES
	﻿Statistical analysis

	﻿Results
	﻿Clinical characteristics of study subjects
	﻿Associations of household incomes and education levels with ePWV

	﻿Discussion
	﻿Study summary
	﻿Previous studies on the association between SES and arterial stiffness
	﻿Underlying mechanisms
	﻿Individual vs. household income
	﻿The value of ePWV
	﻿Clinical implications
	﻿Study limitations

	﻿Conclusions
	﻿References


