
Preventive Medicine Reports 35 (2023) 102354

Available online 3 August 2023
2211-3355/© 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Associations between socioeconomic status and stroke in American adults: 
A population-based study 

Jinming Fan a,b,1, Wuqin Ma a,b,1, Junbin Liu a,b,1, Wenhan Li a,b, Wenhao Wang a,b, 
Jinyan Gu c,*, Bin Zhou a,b,* 

a Center of Cerebrovascular Disease, The Fifth Affiliated Hospital of Sun Yat-sen University, Zhuhai, Guangdong Province, China 
b Center of Interventional Medicine, The Fifth Affiliated Hospital of Sun Yat-sen University, Zhuhai, Guangdong Province, China 
c Department of Scientific Research, The Fifth Affiliated Hospital of Sun Yat-sen University, Zhuhai, Guangdong Province, China   

A R T I C L E  I N F O   

Keywords: 
Stroke 
Socioeconomic status 
PIR 
Education level 
NHANES 
Population-based study 

A B S T R A C T   

Stroke is an acute cerebrovascular disease that can lead to disability and death. This study aimed to investigate 
the relationship between socioeconomic status (SES) and stroke. SES was evaluated by two variables: poverty to 
income ratio (PIR) and education level. In this multi-subject study, we collected data from the National Health 
and Nutrition Examination Survey (NHANES) database between 2009 and 2018, and finally 22,792 adults (≥20 
years old) were included in the study. We proceeded with weighted multivariate logistic regression analysis as 
well as subgroup analysis. When analyzing the effect of PIR on stroke alone, the results showed that an increase 
in PIR levels was associated with a decrease in stroke incidence (OR = 0.764 95% CI: (0.711, 0.820), p < 0.001). 
The multivariate analysis presented a decline in stroke incidence in the highest quartile PIR group compared to 
the lowest quartile PIR group (OR = 0.296 95% CI: (0.214, 0.409), P＜0.001). Our results indicated that PIR is a 
protective factor for stroke, but there are exceptions in this relationship among different people. Hence, it is 
imperative that policymakers, healthcare providers, and clinicians take into account the inequality distribution 
of SES among adults while developing and executing stroke prevention and treatment strategies.   

1. Introduction 

Stroke is a major global public health challenge, imposing significant 
economic burdens on families and society (GBD, 2016; Alwan et al., 
2010; Krishnamurthi et al., 2013). In 2019, stroke was the second 
leading cause of death (11.6% [10.8–12.2] of total deaths) and the third 
leading cause of disability combined (5.7% [5.1–6.2] of total disability- 
adjusted life-years) in the world (GBD, 2019). There are multiple risk 
factors for stroke, including old age, diabetes, hyperlipidemia, high body 
mass index (BMI), coronary heart disease, and hypertension (Mai and 
Liang, 2020; Aigner et al., 2017; Aono et al., 2021; Schutte et al., 2021; 
Gregory et al., 2021; Dieteren and Bonfrer, 2021). Studies have shown 
that income poverty is a risk factor for premature death and increased 
disease incidence (Marmot, 2002). Multiple studies have shown that 
populations in low- and middle-income countries have a higher risk of 
stroke (Saini et al., 2021; Akinyemi et al., 2021; Krishnamurthi et al., 
2020; Marshall et al., 2015). Furthermore, in addition to income 

disparities, racial differences also play a role in influencing disease 
incidence (Zare et al., 2021). Some studies have shown that the risk of 
stroke varies by race (Howard et al., 2019; Finnegan et al., 2022). 

Socioeconomic status (SES) measures a person’s or family’s eco-
nomic and social status relative to other people or families in society. 
Some studies have shown that SES is associated with non-communicable 
diseases such as ischemic heart disease, heart failure, diabetes and 
obesity (Zare et al., 2021; Mustapha et al., 2022; Hawkins Carranza 
et al., 2022; Zare et al., 2021 Jul 2). Generally speaking, SES from higher 
socioeconomic status may provide direct or indirect defense against 
these diseases. In recent decades, growing evidence has suggested an 
inverse relationship between socioeconomic status and the risk of stroke 
(Addo et al., 2012). However, according to some studies, stroke risk 
increases with high socioeconomic status, with an inverted U-shaped 
association or no association (Avendano et al., 2006; Engels et al., 2014; 
Seo et al., 2014). 

In conclusion, there is no definite conclusion about the relationship 
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between SES and stroke, so further studies are needed to verify it 
(Avendaño et al., 2004). The complexity of SES determines the diversity 
of its measurement metrics. Every single indicator has its limitations and 
reflects different aspects of SES. PIR (poverty to income ratio) is calcu-
lated by dividing household income in the survey year by the poverty 
threshold, which many’s studies use as a primary indicator of socio-
economic status (Suresh et al., 2011; Xiao et al., 2022). The research 
chose PIR and education level as metrics because of their more repre-
sentative of investigating the interrelation between SES and stroke 
occurrence using a representative accredited sample of National Health 
and Nutrition Examination Survey (NHANES). 

2. Materials and methods 

2.1. Data and sample sources 

We used data from the NHANES for a decade from 2009 to 2018. 
Using a stratified, multistage probability design, the NHANES provides a 
representative sample of the non-institutionalized US population (Zare 
et al., 2021; Zare et al., 2021 Jul 2; Fan et al., 2023). We selected adults 
(age ≥ 20 years) from NHANES 2009–2018 for this research (Fig. 1). 
After excluding those without data on stroke, PIR, education level, hy-
pertension, hyperlipidemia, diabetes, coronary heart disease, or BMI, 
22,792 participants were included. The NCHS Research Ethics Review 
Board authorized the survey and ensured all participants gave informed 
consent. Authors cannot access information that could identify indi-
vidual participants during or after data collection. The detailed NHANES 

study design and data are publicly available at https://www.cdc. 
gov/nchs/nhanes/. 

NHANES, National Health and Nutrition Examination Surveys. PIR, 
poverty to income ratio. BMI, body mass index. 

2.2. Main variables and outcome variables 

In this study, SES (PIR and educational attainment) was the exposure 
variable, which has been used as the primary indicator in many studies 
(Suresh et al., 2011; Xiao et al., 2022). As a measurement of poverty, PIR 
consults the poverty guidelines provided by the Department of Health 
and HuMen Services. As the official poverty measurement standard used 
by the US Census, PIR considers an individual’s socioeconomic status 
relative to the poverty threshold and household size, resulting in a more 
precise estimate that reflects those individuals’ actual poverty experi-
ence (Hoge et al., 2020). Four education levels were categorized as <9th 
grade, 9-11th grade, high school graduate, and college or above. Defi-
nition of stroke: Has a doctor or other health professionals ever told you 
that you had a stroke (Yan et al., 2022 Oct; Mai and Liang, 2020). The 
Medical Condition Questionnaire (MCQ160f) was evaluated for an ac-
curate stroke diagnosis. The questions were asked, in the home, by 
trained interviewers using the Computer-Assisted Personal Interview 
(CAPI) system. 

2.3. Covariate 

Demographic variables included in the study included age (years), 

Fig. 1. Flowchart of participants selection.  
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sex (men/women), and race/ethnicity (Mexican American, Other His-
panic, Non-Hispanic White, Non-Hispanic Black,and other races). We 
also included stroke-related risk disease factors such as coronary heart 
disease, hypertension, hyperlipidemia, diabetes (yes/no). In addition, 
the continuous variable body mass index (BMI) was included in the 
study. The NHANES website provides more information on variables and 
covariates (http://www.cdc.gov/nchs/nhanes/). 

2.4. Statistical analysis 

Measurement data were described as mean ± standard deviation 
(mean ± SD), and comparisons between groups were made using inde-
pendent sample t-tests. Data that did not conform to a normal distri-
bution differences between groups were compared using the 
Kruskal–Wallis rank sum test. An enumeration dataset was described as 
n (%), and chi-square tests were conducted to compare differences be-
tween groups. We used a weighted multiple logistic regression model to 
assess the relationship between stroke and socioeconomic status (PIR 
and education level) (Zare et al., 2021; Zare et al., 2021 Jul 2; Chen 
et al., 2020). We developed an unadjusted model (model 1) and an 
adjusted model (model 2) that included sex, age, and race or ethnicity. 
To exclude covariates from interfering with stroke occurrence, we ob-
tained Model 3 by adjusting for sex, age, race/ethnicity, history of hy-
pertension, history of hyperlipidemia, history of diabetes, history of 
coronary artery disease, and BMI. By adjusting the above covariates, 
smooth curve fitting was performed to determine whether there was a 
nonlinear relationship between SES and stroke. Meanwhile, to identify 
the association between SES and stroke in different population groups, 
we performed weighted multivariate logistic regression and smooth 
curve fitting for sex, age and race subgroups, respectively. Furthermore, 
a threshold effect analysis was performed for those with significant in-
flection points on the curve. Statistical analysis was conducted using R 
version 3.4.3 (https://www.R-project.org, The R Foundation) and 
Empower software (https://www.empowerstats.com; X&Y solutions, 
Inc., Boston, MA), while setting Statistical significance at p < 0.05. 

3. Results 

3.1. The characteristics of participants 

The study included 49,693 individuals aged 20–80 from 2009 to 
2018. Participants with incomplete data on stroke (n = 20891), PIR (n =
2993), and education level (n = 24) were excluded. Participants with 
missing data on coronary heart disease (n = 79), hypertension (n = 36), 
hyperlipidaemia (n = 1763), diabetes (n = 8), and BMI (n = 1107) were 
also excluded, resulting in the inclusion of 22,792 participants. The 
remaining participants were divided into the control group (n = 21896) 
and the stroke group (n = 896). (Table 1) The findings indicated that the 
stroke group was older than the control group (65.656 ± 12.708 vs. 
49.279 ± 17.331, P < 0.001). In addition, 8.482% of participants in the 
stroke group were Mexican-American, 6.585% were other Hispanic, 
47.210% were non-Hispanic white, 29.018% were non-Hispanic Black, 
and 8.705% were other races. The most significant percentage of the 
stroke group had a college degree or higher education level, up to 
41.183%, followed by a high school degree at 27.344%. The stroke 
group was more likely to have coronary heart disease, hypertension, 
hyperlipidemia, and diabetes(all P < 0.001). Compared to controls, the 
stroke group had lower PIR (2.054 ± 1.417 vs. 2.540 ± 1.641, P <
0.001) and higher BMI (29.828 ± 7.027 vs. 29.394 ± 7.182, P = 0.014). 

3.2. The relationship between SES and stroke 

The results of the multivariate logistic regression analysis are shown 
in Table 2. Model 1 disclosed that as the level of PIR rises, the incidence 
of stroke declines (OR = 0.781 95% CI: (0.735, 0.829), P < 0.001). After 
adjusting for covariates, model 2 provided evidence of significant 

correlation (OR = 0.742 95% CI: (0.691, 0.797), P < 0.001), as well as 
for model 3 (OR = 0.764 95% CI: (0.711, 0.820), P < 0.001). PIR was 
then divided into quartile groups to further clarify the relationship be-
tween different levels of PIR and stroke. Multivariate analysis in Model 3 
showed that the higher the level of PIR, the lower the incidence of stroke 
(all P < 0.05). In Model 3, the incidence of stroke was significantly lower 
in the highest quartile subgroup (Q4) than in the lowest quartile(Q1) 
subgroup of PIR (OR = 0.296 95% CI: (0.214, 0.409), P < 0.001). In the 
analysis of subgroups, when participants were stratified by sex, we 
noticed that elevated PIR functioned with more protective in the men 
population (OR = 0.753 95% CI: (0.673, 0.842), P < 0.001) compared to 
the women population (OR = 0.769 95% CI: (0.713, 0.829), P < 0.001). 
A statistical significance (P < 0.05) was obtained in all age groups, 
conveying a link between higher PIR and lower stroke risk. However, the 
protective effect was more obvious in the 40–59 years old group (OR =
0.674 95% CI: (0.598, 0.760), P < 0.001). In stratified analyses by race 
or ethnicity, elevated PIR was associated with a reduced risk of stroke in 
Non-Hispanic White (OR = 0.728 95% CI: (0.666, 0.795), P < 0.001), 
and Non-Hispanic Black (OR = 0.836 95% CI: (0.754, 0.927), P =
0.001). At the same time, there was no statistical significance in Mexican 
Americans, Other Hispanic, or Other Races. 

Model 1: The covariates were not adjusted. 
Model 2: The age, sex, and race/ethnicity of the participants were 

adjusted. 
Model 3: The age, sex, race/ethnicity, hypertension, hyperlipidemia, 

diabetes, coronary heart disease, and BMI, were adjusted. 
PIR, poverty income ratio. BMI, body mass index. 
To explore the relationship between stroke incidence and educa-

tional level, an analysis of multivariate logistic regression was per-
formed (Table 3), resulting in the group of college degree or above tying 
to the lower incidence of stroke (OR = 0.618 95% CI: (0.440, 0.868), P 

Table 1 
Distribution of selected characteristics of U.S. adults over 20 years of age be-
tween 2009 and 2018, National Health and Nutrition Examination Survey (n =
22792).  

Variables Control group (n =
21896) 

Stroke group (n =
896) 

P-value 

Age (years) 49.279 ± 17.331 65.656 ± 12.708  <0.001 
Sex (%)    0.941 

Men 10,505 (47.977) 431 (48.103)  
Women 11,391 (52.023) 465 (51.897)  

Race/ Ethnicity (%)    <0.001 
Mexican American 2894(13.217) 76 (8.482)  
Other Hispanic 2182 (9.965) 59 (6.585)  
Non-Hispanic White 8860(40.464) 423 (47.210)  
Non-Hispanic Black 4720 (21.556) 260(29.018)  
Other Race 3240 (14.797) 78 (8.705)  

Education level (%)    <0.001 
<9th grade 1912 (8.732) 115 (12.835)  
9–11th grade 2691 (12.290) 167 (18.638)  
High school graduate 4785 (21.853) 245 (27.344)  
College degree or 
above 

12,508 (57.125) 369(41.183)  

Coronary heart disease 
(%)    

<0.001 

Yes 796 (3.635) 170 (18.973)  
No 21,100 (96.365) 726 (81.027)  

Hypertension (%)    <0.001 
Yes 7873 (35.956) 685(76.451)  
No 14,023 (64.044) 211 (23.549)  

Hyperlipidemia (%)    <0.001 
Yes 7645 (34.915) 536 (59.821)  
No 14,251 (65.085) 360 (40.179)  

Diabetes (%)    <0.001 
Yes 2825 (12.902) 310 (34.598)  
No 18,517 (84.568) 551 (61.496)  
Borderline 554 (2.530) 35 (3.906)  

BMI (kg/m2) 29.394 ± 7.182 29.828 ± 7.027  0.014 
PIR 2.540 ± 1.641 2.054 ± 1.417  <0.001 

PIR, poverty to income ratio. BMI, body mass index. 
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= 0.007). However, there was no statistical significance in subgroups of 
other education levels. 

Model 1: The covariates were not adjusted. 
Model 2: The age, sex, and race/thnicity of the participants were 

adjusted. 
Model 3: The age, sex, race/ethnicity, hypertension, hyperlipidemia, 

diabetes, coronary heart disease, and BMI, were adjusted. 
PIR, poverty income ratio. BMI, body mass index. 

3.3. Smoothing curve fitting and threshold effect analysis 

We performed a smooth curve fit to elaborate the nonlinear rela-
tionship between PIR and stroke (Fig. 2). We found that with the in-
crease of PIR, the incidence of stroke decreased significantly. After 
stratifying the analysis by sex, an nonlinear curve was present in the 
women group, with inflection points of 0.95 (Table 4). The nonlinear 

relationship also existed in the 40–59 age subgroup, and the inflection 
point was 0.90. Upon analyzing by race/ethnicity, we discovered an 
curve relationship between PIR and stroke in non-Hispanic White, with 
an inflection point of 0.73. In the other subgroups, the risk of stroke 
decreased significantly as PIR increased.  

(a) The red line represents the smoothed curve fitting between PIR 
and stroke. The blue line represents its 95% confidence interval. 
Sex, age, and race/ethnicity, hypertension, hyperlipidemia, dia-
betes, coronary heart disease, and BMI, were adjusted. (b) 
Smoothed curve fitting with sex stratification. (c) Smoothed 
curve fitting with age stratification. (d) Smoothed curve fitting 
with race/ethnicity stratification. PIR, poverty income ratio. 

Model 1: The covariates were not adjusted. 
Model 2: The age, sex, and race/ethnicity of the participants were 

adjusted. 
Model 3: The age, sex, race/ethnicity, hypertension, hyperlipidemia, 

diabetes, coronary heart disease, and BMI, were adjusted. 
PIR, poverty income ratio. BMI, body mass index. 

4. Discussion 

The multiple-subject study used NHANES data to examine the asso-
ciation between SES and stroke. Overall, the incidence of stroke declined 
as the levels of PIR increased. The protective effect grew more assertive 
with the level of PIR increased. However, there were some differences in 
the different subgroups. In addition, we found that college or higher 
education was a protective factor for stroke. 

Several studies also examine the relationship between stroke and 
SES, and in many developed countries, lower socioeconomic status is 
associated with a higher risk of stroke (Seo et al., 2014; Avendano et al., 
2006; Jakovljevic ́ et al., 2001). According to a study by Avendano et al. 
(2006), a correlation exists between lower socioeconomic status and 
increased incidence of stroke in the United States among individuals 
aged 65 to 74. Both educational level and income level were taken into 
this correlation. A nationwide study by Korea et al. (Seo et al., 2014) 
revealed that stroke incidence positively correlated with lower income 
levels among individuals below 74. However, no significant difference 
in stroke incidence was observed among individuals aged above 74 
based on income levels. Li et al. (Li et al., 2008) revealed that the 
occurrence rate of ischemic stroke significantly increased with 
decreasing income, which came up with the same results in our study. 
Using multivariate logistic regression analysis, we found that PIR was a 
protective factor against stroke, whereas the research showed that the 
protective effect was more substantial as PIR went up. One of the po-
tential reasons for this circumstance is that higher PIR can lead to lower 
smoking frequency and reduce the likelihood of diabetes (Zang et al., 
2022). Since these behaviors are the risk factors for stroke, they can 
significantly affect the occurrence of stroke. However, Olivier Grimaud 
held different opinions and showed that higher household income levels 
were linked to a greater probability of ischemic stroke. His research data 
show a statistically significant 70% increased risk of ischemic stroke 
with higher income (Grimaud et al., 2011). Under this condition, various 
factors can lead to the loss of genetic determinants of longevity, which 
are initially evenly distributed across populations (Markides and 
Machalek, 1984; Liu and Witten, 1995). The feasible explanation for this 
contrary study is that the study population in our experiment includes 
all age groups instead of the elderly population. When stratified by 
gender, age, and race, we found an inflection point associated with PIR 
and stroke in some people. However, there is a lack of studies on PIR and 
stroke, and more high-quality studies are needed to prove the above 
conclusions. 

A stratified analysis of education level was performed to analyze 
stroke incidence further. It showed that those who graduated from 
college or higher were associated with a lower incidence of stroke. The 

Table 2 
The association between PIR and stroke in U.S. adults in the 2009–2018.   

Model 1 OR (95% 
CI) 
P-value 

Model 2 OR (95% 
CI) 
P-value 

Model 3 OR (95% 
CI) 
P-value 

PIR 0.781 (0.735, 
0.829) < 0.001 

0.742 (0.691, 
0.797) < 0.001 

0.764 (0.711, 
0.820) < 0.001 

PIR categories 
Q1 Reference Reference Reference 
Q2 0.917 (0.752, 

1.117) 0.391 
0.645 (0.520, 
0.799) < 0.001 

0.664 (0.538, 
0.818) < 0.001 

Q3 0.617 (0.478, 
0.796) < 0.001 

0.450 (0.344, 
0.588) < 0.001 

0.480 (0.366, 
0.630) < 0.001 

Q4 0.342 (0.255, 
0.458) < 0.001 

0.261 (0.189, 
0.361) < 0.001 

0.296 (0.214, 
0.409) < 0.001 

Sex categories 
Men 0.795 (0.727, 

0.869) < 0.001 
0.748 (0.671, 
0.833) < 0.001 

0.753 (0.673, 
0.842) < 0.001 

Women 0.772 (0.723, 
0.824) < 0.001 

0.737 (0.682, 
0.795) < 0.001 

0.769 (0.713, 
0.829) < 0.001 

Age categories 
20–39 0.696 (0.523, 

0.926) 0.015 
0.706 (0.518, 
0.963) 0.031 

0.724 (0.534, 
0.980) 0.041 

40–59 0.638 (0.566, 
0.719) < 0.001 

0.634 (0.562, 
0.716) < 0.001 

0.674 (0.598, 
0.760) < 0.001 

≥60 0.775 (0.715, 
0.839) < 0.001 

0.768 (0.705, 
0.838) < 0.001 

0.797 (0.731, 
0.869) < 0.001 

Race/Ethnicity 
categories    
Mexican 
American 

0.816 (0.664, 
1.003) 0.053 

0.801 (0.653, 
0.983) 0.038 

0.819 (0.667, 
1.006) 0.062 

Other Hispanic 0.780 (0.622, 
0.978) 0.035 

0.772 (0.595, 
1.002) 0.056 

0.798 (0.612, 
1.040) 0.099 

Non-Hispanic 
White 

0.723 (0.669, 
0.780) < 0.001 

0.704 (0.645, 
0.769) < 0.001 

0.728 (0.666, 
0.795) < 0.001 

Non-Hispanic 
Black 

0.872 (0.792, 
0.959) 0.006 

0.828 (0.747, 
0.917) < 0.001 

0.836 (0.754, 
0.927) 0.001 

Other Race 0.877 (0.720, 
1.069) 0.198 

0.929 (0.749, 
1.151) 0.503 

0.966 (0.776, 
1.203) 0.761  

Table 3 
The association between education level and stroke in U.S. adults in the 
2009–2018.   

Model 1 OR (95% 
CI) 
P value 

Model 2 OR (95% 
CI) 
P value 

Model 3 OR (95% 
CI) 
P value 

Education level 
<9th grade Reference Reference Reference 
9–11th grade 0.969 (0.732, 

1.283) 0.828 
1.228 (0.904, 
1.668) 0.193 

1.188 (0.875, 
1.613) 0.273 

High school 
graduate 

0.762 (0.621, 
0.935) 0.011 

1.000 (0.779, 
1.285) 0.998 

1.022 (0.794, 
1.315) 0.867 

College degree 
or above 

0.379 (0.289, 
0.497) < 0.001 

0.565 (0.403, 
0.794) 0.002 

0.618 (0.440, 
0.868) 0.007  
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education level of a college degree or above is a protective factor, which 
has no statistical significance in other educational level subgroups. 
Several possible reasons can be brought out for the conclusions. On the 
one hand, higher academic level benefits increase the control rate of 
stroke risk factors, including hypertension, diabetes, atrial fibrillation, 
and smoking (Arboix, 2015; Chatzikonstantinou et al., 2012; Zhang 
et al., 2014; Maksimova and Maksimov, 2019). Prompt diagnosis and 
control of these risk factors are priority goals for adequate prevention of 
acute stroke (Arboix, 2015). Therefore, receiving more education can 
contribute to maintaining better lifestyle behaviors and problem-solving 
abilities, preventing disease (O’Connor et al., 2009; Barakat et al., 
2001). On the other hand, people gain positive social, psychological, and 
economic skills and assets through education, which are protected from 
adverse outcomes (Winkleby et al., 1990). However, a further study for 
the lack of statistically significant in the group of high school education 
and below is still needed. Mauricio Avendano’s study showed that a 
higher level of education leads to the incidence of stroke rising over the 
age of 75 (Avendano et al., 2006), which is in contrast to ours. He 
suggested that his discovery could be attributed to the fact that people 
with lower socioeconomic status may die from other causes. As a result, 
social groups with higher education may be more likely to “live long 
enough” to have a stroke at a higher age. 

There are several obvious advantages to our results. Firstly, the 
NHANES survey provides a reliable sample and data standards. By 
exploiting the multi-layer random sampling in the survey, we can treat 
the data as a representative of the overall population of the United 
States. Secondly, the samples in this study were analyzed by weighted 
multiple regression analysis, while the subgroup analysis was per-
formed. These methods of work gave rise to the results becoming reli-
able. Lastly, to determine the relationship between SES and stroke, the 

study chose a more accurate and sensitive measure of PIR and education 
level rather than household income. To our knowledge, this is the first 
study to correlate PIR with stroke risk. 

However, this study still has some limitations. First, the study’s 
multiple-subject design created problems establishing causality, 
requiring further longitudinal studies. Secondly, participants in the 
NHANES database are mainly from western countries lacking racial di-
versity. More studies are needed to verify the suitability of the findings 
for other races around the world. A third point is whether some residual 
and unmeasured confounders may interfere with our results. 

5. Conclusions 

Based on this study, we explored the relationship between SES and 
stroke and found that SES is a protective factor for stroke. However, this 
relationship has some differences among various factors, such as 
educational level, age, and race. More research is needed to understand 
the specific mechanisms involved. Hence, it is imperative that policy-
makers, healthcare providers, and clinicians take into account the 
inequality distribution of SES among adults while developing and 
executing stroke prevention and treatment strategies. 

Institutional Review Board Statement: Prevention National Cen-
ter for Health Statistics Research and the Centers for Disease Control 
Research Ethics Review Board approved the protocol for the NHANES 
study. 

Data Availability Statement: Publicly available datasets were 
analyzed in this study. This data can be found here: https://wwwn.cdc. 
gov/nchs/nhanes/Default.aspx. 

Funding: This research was funded by the National Natural Science 
Foundation of China, grant number 82102164, Natural Science 

(a) (b)

(c) (d)

Fig. 2. Smooth curve fittings of the association between PIR and stroke.  

J. Fan et al.                                                                                                                                                                                                                                      

https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx


Preventive Medicine Reports 35 (2023) 102354

6

Foundation of Guangdong Province, grant number 2019A1515011223. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

The data can be queried in the NHANES database. 

Acknowledgements 

We acknowledge the data from the National Health and Nutrition 
Examination Survey (NHANES). 

References 

Addo, J., Ayerbe, L., Mohan, K.M., Crichton, S., Sheldenkar, A., Chen, R., Wolfe, C.D.A., 
McKevitt, C., 2012. Socioeconomic status and stroke: an updated review. Stroke 43 
(4), 1186–1191. 

Aigner, A., Grittner, U., Rolfs, A., Norrving, B., Siegerink, B., Busch, M.A., 2017. 
Contribution of Established Stroke Risk Factors to the Burden of Stroke in Young 
Adults. Stroke 48 (7), 1744–1751. https://doi.org/10.1161/ 
STROKEAHA.117.016599. 

Akinyemi, R.O., Ovbiagele, B., Adeniji, O.A., Sarfo, F.S., Abd-Allah, F., Adoukonou, T., 
Ogah, O.S., Naidoo, P., Damasceno, A., Walker, R.W., Ogunniyi, A., Kalaria, R.N., 
Owolabi, M.O., 2021. Stroke in Africa: profile, progress, prospects and priorities. 
Nat. Rev. Neurol. 17 (10), 634–656. 

Alwan, A., Maclean, D.R., Riley, L.M., et al., 2010. Monitoring and surveillance of 
chronic non-communicable diseases: progress and capacity in high-burden countries. 
Lancet 376 (9755), 1861–1868. https://doi.org/10.1016/S0140-6736(10)61853-3. 

Aono, T., Shinya, Y., Miyawaki, S., Sugiyama, T., Kumagai, I., Takenobu, A., Shin, M., 
Saito, N., Teraoka, A., 2021. Changes in the Risk of Stroke in Dialysis Patients: A 
Retrospective Analysis over the Last 40 Years. Toxins (Basel) 13 (5), 350. https:// 
doi.org/10.3390/toxins13050350. 

Arboix, A., 2015. Cardiovascular risk factors for acute stroke: Risk profiles in the 
different subtypes of ischemic stroke. World J. Clin. Cases 3 (5), 418–429. https:// 
doi.org/10.12998/wjcc.v3.i5.418. 

Avendano, M., Kawachi, I., Van Lenthe, F., Boshuizen, H.C., Mackenbach, J.P., Van den 
Bos, G.A.M., Fay, M.E., Berkman, L.F., 2006. Socioeconomic status and stroke 
incidence in the US elderly: the role of risk factors in the EPESE study. Stroke 37 (6), 
1368–1373. 

Avendaño, M., Kunst, A.E., Huisman, M., van Lenthe, F., Bopp, M., Borrell, C., 
Valkonen, T., Regidor, E., Costa, G., Donkin, A., Borgan, J.-K., Deboosere, P., 
Gadeyne, S., Spadea, T., Andersen, O., Mackenbach, J.P., 2004. Educational level 
and stroke mortality: a comparison of 10 European populations during the 1990s. 
Stroke 35 (2), 432–437. 

Barakat, K., Stevenson, S., Wilkinson, P., SuliMen, A., Ranjadayalan, K., Timmis, A.D., 
2001. Socioeconomic differentials in recurrent ischaemia and mortality after acute 
myocardial infarction. Heart 85 (4), 390–394. https://doi.org/10.1136/ 
heart.85.4.390. 

Chatzikonstantinou, A., Wolf, M.E., Hennerici, M.G., 2012. Ischemic stroke in young 
adults: classification and risk factors. J. Neurol. 259 (4), 653–659. https://doi.org/ 
10.1007/s00415-011-6234-3. 

Chen, T.C., Clark, J., Riddles, M.K., Mohadjer, L.K., Fakhouri, T.H.I., 2020. National 
Health and Nutrition Examination Survey, 2015–2018: Sample Design and 
Estimation Procedures. Vital Health Stat 2184, 1–35. PMID: 33663649.  

Dieteren, C., Bonfrer, I., 2021. Socioeconomic inequalities in lifestyle risk factors across 
low- and middle-income countries. BMC Public Health 21 (1). 

Engels T, Baglione Q, Audibert M, et al. Socioeconomic status and stroke prevalence in 
Morocco: results from the Rabat-Casablanca study. PLoS One. 2014;9(2):e89271. 
Published 2014 Feb 28. 10.1371/journal.pone.0089271. 

Fan, J., Yuan, Y., Zhang, X., Li, W., Ma, W., Wang, W., Gu, J., Zhou, B., 2023. Association 
between urinary caffeine and caffeine metabolites and stroke in American adults: a 
cross-sectional study from the NHANES, 2009–2014. Sci. Rep. 13 (1) https://doi. 
org/10.1038/s41598-023-39126-1. 

Finnegan J, Mello S, Cogan N, Greene S, Ryan D, Collins R. Stroke Risk Factors, Subtype, 
and Outcomes in a Multi-Ethnic Stroke Population. Ir Med J. 2022;115(1):520. 
Published 2022 Jan 20. 

GBD 2016 Multiple Sclerosis Collaborators. Global, regional, and national burden of 
multiple sclerosis 1990-2016: a systematic analysis for the Global Burden of Disease 
Study 2016. Lancet Neurol. 2019;18(3):269-285. 10.1016/S1474-4422(18)30443-5. 

GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its 
risk factors, 1990-2019: a systematic analysis for the Global Burden of Disease Study 
2019. Lancet Neurol. 2021;20(10):795-820. 10.1016/S1474-4422(21)00252-0Mai 
X, Liang X. 

Gregory GA, Robinson TIG, Linklater SE, et al. Global incidence, prevalence, and 
mortality of type 1 diabetes in 2021 with projection to 2040: a modelling study 
[published correction appears in Lancet Diabetes Endocrinol. 2022 Oct 7;:]. Lancet 
Diabetes Endocrinol. 2022;10(10):741-760. 10.1016/S2213-8587(22)00218-2. 

Grimaud, O., Dufouil, C., Alperovitch, A., Pico, F., Ritchie, K., Helmer, C., Tzourio, C., 
Chauvin, P., 2011. Incidence of ischaemic stroke according to income level among 
older people: the 3C study. Age Ageing 40 (1), 116–121. 

Hawkins Carranza, F., Corbatón-Anchuelo, A., Bermejo Pareja, F., Martín-Arriscado 
Arroba, C., Vega-Quiroga, S., Benito-León, J., Serrano-Ríos, M., 2022. Incidence of 
type 2 diabetes in the elderly in Central Spain: Association with socioeconomic 
status, educational level, and other risk factors. Prim. Care Diabetes 16 (2), 279–286. 

Hoge, C., Bowling, C.B., Lim, S.S., Drenkard, C., Plantinga, L.C., 2020. Association of 
Poverty Income Ratio with Physical Functioning in a Cohort of Patients with 
Systemic Lupus Erythematosus. J. Rheumatol. 47 (7), 983–990. https://doi.org/ 
10.3899/jrheum.190991. 

Howard, V.J., Madsen, T.E., Kleindorfer, D.O., Judd, S.E., Rhodes, J.D., Soliman, E.Z., 
Kissela, B.M., Safford, M.M., Moy, C.S., McClure, L.A., Howard, G., Cushman, M., 
2019. Sex and Race Differences in the Association of Incident Ischemic Stroke With 
Risk Factors. JAMA Neurol. 76 (2), 179. 

Jakovljevic ́, D., Sarti, C., Sivenius, J., Torppa, J., Mähönen, M., Immonen-Räihä, P., 
Kaarsalo, E., Alhainen, K., Kuulasmaa, K., Tuomilehto, J., Puska, P., Salomaa, V., 
2001. Socioeconomic status and ischemic stroke: The FINMONICA Stroke Register. 
Stroke 32 (7), 1492–1498. 

Krishnamurthi RV, Feigin VL, Forouzanfar MH, et al. Global and regional burden of first- 
ever ischaemic and haemorrhagic stroke during 1990-2010: findings from the Global 
Burden of Disease Study 2010. Lancet Glob Health. 2013;1(5):e259-e281. 10.1016/ 
S2214-109X(13)70089-5. 

Krishnamurthi, R.V., Ikeda, T., Feigin, V.L., 2020. Global, Regional and Country-Specific 
Burden of Ischaemic Stroke, Intracerebral Haemorrhage and Subarachnoid 
Haemorrhage: A Systematic Analysis of the Global Burden of Disease Study 2017. 
Neuroepidemiology 54 (2), 171–179. https://doi.org/10.1159/000506396. 

Li, C., Hedblad, B., Rosvall, M., Buchwald, F., Khan, F.A., Engström, G., 2008. Stroke 
incidence, recurrence, and case-fatality in relation to socioeconomic position: a 
population-based study of middle-aged Swedish men and women. Stroke 39, 
2191–2196. 

Liu, X., Witten, M., 1995. A biologically based explanation for mortality crossover in 
huMen populations. Gerontologist 35 (5), 609–615. https://doi.org/10.1093/ 
geront/35.5.609. 

Table 4 
Threshold effect analysis of PIR on stroke using the two-piecewise linear 
regression model in U.S. adults in the 2009–2018.   

Model 1 OR (95% 
CI) 
P value 

Model 2 OR 
(95% CI) 
P value 

Model 3 OR 
(95% CI) 
P value 

Female 
Fitting by the 

standard linear 
model 

0.828 (0.778, 
0.881) < 0.001 

0.793 (0.741, 
0.848) < 0.001 

0.828 (0.773, 
0.888) < 0.001 

Fitting by two-piecewise linear model 
Inflection point 0.99 0.95 0.95 
Before the inflection 

point 
2.909 (1.716, 
4.929) < 0.001 

1.527 (0.856, 
2.724) 0.152 

1.440 (0.799, 
2.595) 0.225 

After the inflection 
point 

0.745 (0.690, 
0.804) < 0.001 

0.758 (0.701, 
0.820) < 0.001 

0.798 (0.737, 
0.865) < 0.001 

Log likelihood ratio <0.001 0.020 0.055 
≥39, ≤59 years 
Fitting by the 

standard linear 
model 

0.693 (0.630, 
0.763) < 0.001 

0.690 (0.626, 
0.760) < 0.001 

0.720 (0.653, 
0.795) < 0.001 

Fitting by two- 
piecewise linear 
model    

Inflection point 0.81 0.81 0.90 
Before the inflection 

point 
2.415 (0.988, 
5.899) 0.053 

2.537 (1.037, 
6.207) 0.041 

2.062 (0.942, 
4.516) 0.070 

After the inflection 
point 

0.639 (0.570, 
0.716) < 0.001 

0.633 (0.565, 
0.710) < 0.001 

0.661 (0.587, 
0.744) < 0.001 

Log likelihood ratio 0.003 0.002 0.004 
Non-Hispanic White 
Fitting by the 

standard linear 
model 

0.776 (0.728, 
0.828) < 0.001 

0.743 (0.693, 
0.797) < 0.001 

0.764 (0.711, 
0.820) < 0.030 

Fitting by two- 
piecewise linear 
model    

Inflection point 0.89 0.70 0.73 
Before the inflection 

point 
7.861 (3.113, 
19.853) < 0.001 

5.693 (1.316, 
24.619) 0.020 

4.567 (1.158, 
18.018) 0.030 

After the inflection 
point 

0.706 (0.656, 
0.760) < 0.001 

0.716 (0.664, 
0.772) < 0.001 

0.737 (0.683, 
0.796) < 0.001 

Log likelihood ratio <0.001 <0.001 0.004  

J. Fan et al.                                                                                                                                                                                                                                      

http://refhub.elsevier.com/S2211-3355(23)00245-0/h0005
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0005
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0005
https://doi.org/10.1161/STROKEAHA.117.016599
https://doi.org/10.1161/STROKEAHA.117.016599
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0015
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0015
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0015
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0015
https://doi.org/10.1016/S0140-6736(10)61853-3
https://doi.org/10.3390/toxins13050350
https://doi.org/10.3390/toxins13050350
https://doi.org/10.12998/wjcc.v3.i5.418
https://doi.org/10.12998/wjcc.v3.i5.418
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0035
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0035
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0035
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0035
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0040
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0040
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0040
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0040
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0040
https://doi.org/10.1136/heart.85.4.390
https://doi.org/10.1136/heart.85.4.390
https://doi.org/10.1007/s00415-011-6234-3
https://doi.org/10.1007/s00415-011-6234-3
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0055
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0055
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0055
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0060
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0060
https://doi.org/10.1038/s41598-023-39126-1
https://doi.org/10.1038/s41598-023-39126-1
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0095
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0095
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0095
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0100
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0100
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0100
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0100
https://doi.org/10.3899/jrheum.190991
https://doi.org/10.3899/jrheum.190991
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0110
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0110
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0110
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0110
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0115
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0115
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0115
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0115
https://doi.org/10.1159/000506396
http://refhub.elsevier.com/S2211-3355(23)00245-0/optcmCD1zXZiZ
http://refhub.elsevier.com/S2211-3355(23)00245-0/optcmCD1zXZiZ
http://refhub.elsevier.com/S2211-3355(23)00245-0/optcmCD1zXZiZ
http://refhub.elsevier.com/S2211-3355(23)00245-0/optcmCD1zXZiZ
https://doi.org/10.1093/geront/35.5.609
https://doi.org/10.1093/geront/35.5.609


Preventive Medicine Reports 35 (2023) 102354

7

Mai, X., Liang, X., 2020. Risk Factors for Stroke Based on the National Health and 
Nutrition Examination Survey. J. Nutr. Health Aging 24 (7), 791–795. 

Maksimova ZV, Maksimov DM. Kardiologiia. 2019;60(2):24-32. Published 2019 Nov 1. 
10.18087/cardio.2020.2.n441. 

Markides, K.S., Machalek, R., 1984. Selective survival, aging and society. Arch. Gerontol. 
Geriatr. 3 (3), 207–222. https://doi.org/10.1016/0167-4943(84)90022-0. 

Marmot, M., 2002. The influence of income on health: views of an epidemiologist. Does 
money really matter? Or is it a marker for something else? Health Aff (Millwood) 21 
(2), 31–46. 

Marshall, I.J., Wang, Y., Crichton, S., McKevitt, C., Rudd, A.G., Wolfe, C.D., 2015. The 
effects of socioeconomic status on stroke risk and outcomes. Lancet Neurol. 14 (12), 
1206–1218. https://doi.org/10.1016/S1474-4422(15)00200-8. 

Mustapha, A., Ssekasanvu, J., Chen, I., et al., 2022. Hypertension and Socioeconomic 
Status in South Central Uganda: A Population-Based Cohort Study. Glob Heart. 17 
(1), 3. Published 2022 Jan 13. 10.5334/gh.1088.  

O’Connor, M.-F., Bower, J.E., Cho, H.J., Creswell, J.D., Dimitrov, S., Hamby, M.E., 
Hoyt, M.A., Martin, J.L., Robles, T.F., Sloan, E.K., Thomas, K.S., Irwin, M.R., 2009. 
To assess, to control, to exclude: effects of biobehavioral factors on circulating 
inflammatory markers. Brain Behav. Immun. 23 (7), 887–897. 

Saini, V., Guada, L., Yavagal, D.R., 2021. Global Epidemiology of Stroke and Access to 
Acute Ischemic Stroke Interventions. Neurology 97 (20 Suppl 2), S6–S16. https:// 
doi.org/10.1212/WNL.0000000000012781. 

Schutte, A.E., Srinivasapura Venkateshmurthy, N., Mohan, S., Prabhakaran, D., 2021. 
Hypertension in Low- and Middle-Income Countries. Circ. Res. 128 (7), 808–826. 
https://doi.org/10.1161/CIRCRESAHA.120.318729. 

Seo, S.R., Kim, S.Y., Lee, S.-Y., Yoon, T.-H., Park, H.-G., Lee, S.E., Kim, C.-W., 2014. The 
incidence of stroke by socioeconomic status, age, sex, and stroke subtype: a 
nationwide study in Korea. J. Prev. Med. Public Health 47 (2), 104–112. 

Suresh, S., Sabanayagam, C., Shankar, A., 2011. Socioeconomic status, self-rated health, 
and mortality in a multiethnic sample of US adults. J. Epidemiol. 21 (5), 337–345. 
https://doi.org/10.2188/jea.JE20100142. 

Winkleby, M.A., FortMenn, S.P., Barrett, D.C., 1990. Social class disparities in risk factors 
for disease: eight-year prevalence patterns by level of education. Prev. Med. 19 (1), 
1–12. https://doi.org/10.1016/0091-7435(90)90001-z. 

Xiao, P.-L., Fuerwa, C., Hsu, C.-J., Peng, R., Cui, A.-Y., Jiang, N., Ma, Y.-G., Xu, X.-H., 
Lu, H.-D., 2022. Socioeconomic status influences on bone mineral density in 
American men: findings from NHANES 2011–2020. Osteoporos Int. 33 (11), 
2347–2355. 

Yan, S., Wang, J., Xu, J., Jiang, W., Xiong, M., Cao, Z., Wang, Y., Wang, Z., Zhang, T., 
Wang, Z., Sun, C., Hou, S., Wei, W., 2022. Exposure to N, N-diethyl-m-toluamide and 
cardiovascular diseases in adults. Front. Public Health 3 (10), 922005. https://doi. 
org/10.3389/fpubh.2022.922005. PMID: 36267998; PMCID: PMC9576625.  

Zang, Y., Zhu, Z., Shi, M., et al., 2022. Association between annual household income 
and adverse outcomes in patients who had ischaemic stroke. J. Epidemiol. 
Community Health 76 (3), 293–300. https://doi.org/10.1136/jech-2021-216481. 

Zare, H., Gaskin, D.D., Thorpe Jr., R.J., 2021. Income Inequality and Obesity among US 
Adults 1999–2016: Does Sex Matter? Int. J. Environ. Res. Public Health 18 (13), 
7079. https://doi.org/10.3390/ijerph18137079. PMID: 34281016; PMCID: 
PMC8297230. 

Zare, H., Gilmore, D.R., Creighton, C., Azadi, M., Gaskin, D.J., Thorpe, R.J., 2021. How 
Income Inequality and Race/Ethnicity Drive Obesity in U.S. Adults: 1999-2016. 
Healthcare (Basel) 9 (11), 1442. https://doi.org/10.3390/healthcare9111442. 
PMID: 34828490; PMCID: PMC8618490.  

Zhang S, Chang C, Zhang J, Song B, Xu Y. Zhonghua Yi Xue Za Zhi. 2014;94(25):1936- 
1940. 

J. Fan et al.                                                                                                                                                                                                                                      

http://refhub.elsevier.com/S2211-3355(23)00245-0/h0135
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0135
https://doi.org/10.1016/0167-4943(84)90022-0
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0150
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0150
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0150
https://doi.org/10.1016/S1474-4422(15)00200-8
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0160
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0160
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0160
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0165
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0165
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0165
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0165
https://doi.org/10.1212/WNL.0000000000012781
https://doi.org/10.1212/WNL.0000000000012781
https://doi.org/10.1161/CIRCRESAHA.120.318729
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0180
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0180
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0180
https://doi.org/10.2188/jea.JE20100142
https://doi.org/10.1016/0091-7435(90)90001-z
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0195
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0195
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0195
http://refhub.elsevier.com/S2211-3355(23)00245-0/h0195
https://doi.org/10.3389/fpubh.2022.922005
https://doi.org/10.3389/fpubh.2022.922005
https://doi.org/10.1136/jech-2021-216481
https://doi.org/10.3390/ijerph18137079. PMID: 34281016; PMCID: PMC8297230
https://doi.org/10.3390/ijerph18137079. PMID: 34281016; PMCID: PMC8297230
https://doi.org/10.3390/healthcare9111442

	Associations between socioeconomic status and stroke in American adults: A population-based study
	1 Introduction
	2 Materials and methods
	2.1 Data and sample sources
	2.2 Main variables and outcome variables
	2.3 Covariate
	2.4 Statistical analysis

	3 Results
	3.1 The characteristics of participants
	3.2 The relationship between SES and stroke
	3.3 Smoothing curve fitting and threshold effect analysis

	4 Discussion
	5 Conclusions
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	References


