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Abstract com

Introduction: The aim of this study was to assess differences in the effects
of income level on the primary and secondary prevention of stroke in the
Chinese population.

Material and methods: This was a population-based study using data from
a China Kadoorie Biobank survey that began in 2004 in 10 geographical re-
gions. Community residents (n = 512,715) aged 30-79 years were recruited.
Stroke was determined by the self-reporting of a doctor’s diagnosis, and
participants with a high risk of stroke were identified using the model de-
veloped in the Prediction for ASCVD Risk in China study.

Results: The final numbers of people included in this study were 8,884 with
stroke and 218,972 with a high risk of stroke. The participants’ income level
was positively associated with high levels of physical activity and the con-
sumption of a healthy diet, but negatively associated with the control of
alcohol consumption (all p < 0.05). In addition, positive associations were
observed between the control of smoking and the use of antiplatelet and
antihypertensive medication for primary prevention (all p < 0.05), but there
was a negative association with the control of blood pressure (p < 0.001).
Conclusions: Low-income individuals were less likely to control smoking and
their diet and use preventive medications, while high-income individuals
were less likely to control their alcohol consumption and blood pressure.
Moreover, medication use was low for both primary and secondary preven-
tion in high-income individuals.

Key words: China Kadoorie Biobank, income level, prevention, stroke,
differences.

Introduction

China has the highest stroke burden in the world, and stroke is the
leading cause of death and disability in Chinese adults [1, 2]. Although
the age-standardized incidence and mortality of stroke in China de-
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creased by 9.3% and 39.8%, respectively, from
1990 to 2019, the prevalence increased by 13.2%
during the same period [3, 4]. In addition, China is
the largest developing country, and it faces major
problems due to its aging population [5]. In this
context, stroke prevention and treatment remain
challenging tasks.

Socioeconomic status (SES) is considered to be
a determinant of health [6], income level and edu-
cational attainment, as the most commonly used
indicators of SES [7] represent different aspects
of SES, and thus they may affect health through
different causal mechanisms [8]. Studies have
shown that income continues to have an indepen-
dent effect on health controlling for indicators of
SES such as educational attainment [9]. Increasing
attention has been paid to income in studies on
stroke and SES. A case-control study of patients
with acute first stroke in 32 countries showed that
inadequate detection and treatment in low-in-
come countries contributes to an increased risk of
stroke [10]. A cohort study of 605,03 patients sug-
gested that social inequalities, as expressed by
income level, are evident in long-term post-stroke
mortality rates [11]. Currently, however, there
is little examination of the association between
income and stroke prevention. Income is clearly
associated with health-related access to material
resources [7], whereas higher educational attain-
ment may provide higher income by obtaining
better occupations in the labor market. Education-
al attainment influences income to a large extent
[7], and the effect of income may be confounded
with the educational attainment indicator, so we
examined the association between income as an
independent consideration and stroke prevention
after adjusting for the education indicator.

Therefore, we believe that there may be a cor-
relation between high income and stroke preven-
tion. Primary prevention and secondary preven-
tion constitute two stages in disease prevention
[12]. Primary prevention involves measures taken
against the causes of a disease, such as stroke, be-
fore it occurs and represents the fundamental ap-
proach to preventing, controlling, and eliminating
diseases. Strengthening research on the causes of
stroke and reducing exposure to risk factors are
fundamental to achieving primary prevention of
stroke. Secondary prevention, on the other hand,
encompasses measures taken during the latent
phase of a disease, such as stroke, to prevent or
slow down its progression [12]. Thus, we sought
to determine whether income level has different
effects on primary and secondary stroke preven-
tion. To the best of our knowledge, this question
has not previously been addressed.

Therefore, in this study, we aimed to assess dif-
ferences in the effects of income level on the prima-

ry and secondary prevention of stroke using data
from the China Kadoorie Biobank (CKB) survey.

Material and methods
Study population

This was a population-based study using data
from a CKB survey that began in 2004 in 10 geo-
graphical regions of China (five urban and five
rural). A detailed description of the CKB design,
procedures, and study participants has previously
been published [13]. Briefly, the baseline survey
was conducted from 2004 to 2008 and completed
by trained staff at local research assessment cen-
ters. Five urban (Qingdao, Harbin, Haikou, Suzhou,
and Liuzhou) and five rural (Sichuan, Gansu, Henan,
Zhejiang, and Hunan) regions were selected based
on a combination of local disease patterns, known
risk factors, population stability, the quality of mor-
tality and disease registries, and local commitment
and capacity. Approximately 150 administrative
units (rural or urban residential communities) were
selected in each region, and 512,715 community
residents aged 30-79 years were recruited. Data
were collected using an interview-administered
questionnaire that included basic demographic in-
formation, SES, medical history, and long-term life-
style behaviors. Blood pressure, height, and weight
measurements were also recorded.

Sociodemographic data

From the interview-administered question-
naire, we obtained background information,
including age, home address (urban or rural,
northern or southern), educational level (primary
school, lower or middle school, high school, college
or above), health insurance status (insured, unin-
sured), marital status (married, other), and history
of disease (hypertension, diabetes mellitus, family
history of stroke); lifestyle behaviors, including al-
cohol consumption (never, former, current weekly,
current daily), diet (daily vegetable consumption,
daily fruit consumption, red meat consumption
1-6 days per week), and physical activity level in
metabolic equivalents (MET; hours/day); medica-
tion use, including antiplatelet (yes or no), anti-
hypertensive (yes or no), antihyperglycemic (yes
or no), or lipid-lowering (yes or no) agents; and
body measurements, including weight, height,
and blood pressure (BP). Physical activity data
were stratified by population quartile and by sex
(quartile 1 [Q1]: MET [male] < 10.67, MET [female]
< 9.6; Q2: 10.67 < MET [male] < 16.8, 9.6 < MET
[female] < 18.72; Q3: 16.8 < MET [male] < 28.21,
18.72 < MET [female] < 32.45; Q4: MET [male]
> 28.21, MET [female] > 32.45).

The main research variable was the household
income level. Participants with stroke (secondary
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prevention category) and those with a high risk
of stroke (primary prevention category) were di-
vided into the following three income groups: low
income (< 10,000 yuan), middle income (10,000
19,999 yuan), and high income (= 20,000 yuan).
The high-income group included the top 29.7%
of stroke participants by income level, the low-in-
come group included the bottom 37.2% of stroke
participants by income level, and the middle-in-
come group included the remaining participants.

Measurement methods

Height, weight, and BP measurements were
taken and recorded consistently at the local study
centers by trained healthcare workers [14]. Body
mass index (BMI) was calculated as the weight
(kg) divided by the square of the height (m).
A normal BMI was defined as < 23.9 kg/m?, over-
weight was defined as a BMI of 24 to 27.9 kg/m?,
and obesity was defined as BMI > 25 kg/m?
[15, 16]. Normal BP was defined as systolic blood
pressure (SBP) < 120 mm Hg or diastolic blood
pressure (DBP) < 80 mm Hg without medication,
normal-high BP was defined as a SBP of 120-
139 mm Hg or a DBP of 80-89 mm Hg, and high
BP was defined as SBP > 140 mm Hg or DBP
>90 mm Hg [17].

Definition of outcomes

The outcomes of our study were primary and
secondary prevention in the target populations,
i.e., those with a high risk of stroke and those with
stroke, respectively. This was achieved by includ-
ing 512,715 participants at baseline, for whom
stroke was determined by self-reporting a doc-
tor’s diagnosis. A high risk of stroke was identified
using the model developed in the Prediction for
ASCVD Risk in China study [14]. Participants were
classified as having a high risk of stroke when
their predicted 10-year risk of cardiovascular dis-
ease (CVD) was not less than 5%. The remaining
participants were classified as having a low risk
of stroke, a population with a low risk of morbid-
ity and a greater need for zero-level prevention
targeting population-based interventions and
social collaboration. The final numbers of people
included in this study were 8,884 with stroke and
218,972 with a high risk of stroke.

Statistical analysis

Continuous variables such as age, income, and
BMI were converted to categorical variables. Cate-
gorical variables are expressed as frequencies and
percentages. To describe the baseline characteris-
tics of this population and assess risk factors and
medication use, participants were divided into the
stroke group and the high stroke risk group. Par-

ticipants within each group were then divided into
three groups according to income level, and their
respective profiles were counted separately. The
differences between groups were analyzed using
a y? test.

To compare stroke prevention between the two
groups at different income levels, we identified
six cardiovascular risk factors (smoking, alcohol
consumption, physical activity, diet, BMI, and BP)
and four types of medication (antiplatelet, anti-
hypertensive, antihyperglycemic, and lipid-low-
ering agents). Currently not smoking, currently
not consuming alcohol (never or occasionally),
physical activity in the upper quartile of the pop-
ulation, a healthy diet (daily fresh vegetable and
fruit consumption, red meat consumption 1-6
days per week), BMI of 18.5 to 24 kg/m?, and SBP
< 120 mm Hg or DBP < 80 mm Hg without med-
ication were used to define a low cardiovascular
risk status. Differences in risk status and medica-
tion use for six cardiovascular risk factors across
income levels in the two groups were assessed us-
ing unconditional logistic regression analysis, with
the low-income group as the reference group and
adjustments for baseline characteristics, includ-
ing age (continuous), sex (male or female), type
of residence (rural or urban), region (northern or
southern), educational level (primary school, lower
or middle school, high school, or college or above),
health insurance status (insured or uninsured),
history of diabetes (yes or no) and hypertension
(yes or no), and family history of stroke (yes or no).
The final results are reported as adjusted odds ra-
tios (ORs) with 95% confidence intervals (95% Cls).

A p-value < 0.05 was considered statistically
significant. All analyses were performed using R
software (version 3.5.1; R Foundation for Statisti-
cal Computing, Vienna, Austria).

Results

Table | shows the demographic characteristics
of the study population according to stroke pre-
vention status category. In the stroke group, the
proportion of participants > 60 years old increased
from the low-income (59.5%) to the high-income
group (61.8%), whereas in the high stroke risk
group, the proportion of participants > 60 years
old decreased from the low-income (26.9%) to the
high-income group (21.1%). Compared to partic-
ipants with a low income in the high stroke risk
and stroke groups, those with a high income were
more likely to be from an urban area; be married;
have a higher educational level; have medical in-
surance; and have self-reported hypertension, di-
abetes, and a family history of stroke. In the high
stroke risk group, participants with a high income
were more likely to be from the southern than the
northern area, whereas in the stroke group, partic-
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ipants with a high income were more likely to be
from the northern area.

Table Il shows the six CVD risk factors and med-
ication use by income level in both the high stroke
risk and stroke groups. In both groups, income lev-
el was positively associated with the proportion
of participants who currently consumed alcohol
(daily or weekly), and had a healthy diet, but was
inversely associated with the proportion of partic-
ipants who were current smokers. There was an
inverse relationship between income level and the
incidence of hypertension in the stroke group and
a positive relationship between income level and
the incidence of hypertension in the high stroke
risk group (all p, ., < 0.05). BMI was not signifi-
cantly associated with income level in either group.

In both groups, income level was positively as-
sociated with the proportion of participants who

used antihyperglycemic drugs (p, ., < 0.001). The
use of antihypertensive drugs showed a positive
relationship with income level in the high stroke
risk group (p < 0.001), but showed no significant
relationship with income level in the stroke group.
However, the use of lipid-lowering drugs showed
an inverse relationship with income level in the
stroke group (p < 0.05), but no significant relation-
ship in the high stroke risk group. The use of an-
tiplatelet agents was not significantly associated
with income level in either group.

Table Ill shows the ORs and 95% Cls for the
association between the control of primary and
secondary prevention risk factors and medication
use by income level. In the high stroke risk group,
participants with a higher income level, especial-
ly high-income participants, were less likely than
others to be current smokers (OR = 1.28; 95% Cl:

Table lll. Adjusted odds ratios and 95% confidence interval in stroke primary and secondary prevention according

to income level*

Prevention Low-income group Middle-income group High-income group P-value
Primary prevention
Low risk factor
Non-current smoking 1.00 1.22 (1.17-1.26) 1.28 (1.24-1.33) < 0.001
Non-current drinking 1.00 0.92 (0.89-0.96) 0.82 (0.78-0.85) < 0.001
Physical activity 1.00 0.73 (0.72-0.75) 1.17 (1.14-1.20) < 0.001
Healthy diet 1.00 1.30 (1.23-1.38) 1.62 (1.52-1.71) < 0.001
Normal BMI 1.00 0.98 (0.96-1.01) 0.99 (0.96-1.01) 0.354
Normal blood pressure 1.00 0.88 (0.85-0.90) 0.78 (0.76-0.81) < 0.001
Medical use
Antiplatelet drugs 1.00 1.17 (1.04-1.30) 1.06 (0.94-1.19) 0.017
BP-lowering drugs 1.00 1.05 (0.98-1.12) 0.90 (0.84-0.96) < 0.001
Anti-hyperglycemia drugs 1.00 1.14 (0.98-1.33) 1.00 (0.86-1.16) 0.063
Lipid-lowering drugs 1.00 0.86 (0.68-1.10) 1.01 (0.80-1.28) 0.337
Secondary prevention
Low risk factor
Non-current smoking 1.00 1.08 (0.94-1.24) 0.98 (0.85-1.14) 0.759
Non-current drinking 1.00 0.83 (0.67-1.03) 0.65 (0.53-0.81) < 0.001
Physical activity 1.00 1.24 (0.96-1.60) 1.61 (1.24-2.01) < 0.001
Healthy diet 1.00 1.70 (1.33-2.17) 1.57 (1.22-2.02) 0.008
Normal BMI 1.00 1.13 (1.01-1.27) 1.10 (0.98-1.24) 0.139
Normal blood pressure 1.00 1.14 (0.94-1.39) 1.11 (0.90-1.36) 0.389
Medical use
Antiplatelet drugs 1.00 1.12 (0.94-1.32) 1.11 (0.93-1.34) 0.385
BP-lowering drugs 1.00 0.96 (0.84-1.09) 0.88 (0.77-1.02) 0.218
Anti-hyperglycemia drugs 1.00 0.97 (0.66-1.41) 1.31 (0.88-1.94) 0.124
Lipid-lowering drugs 1.00 0.65 (0.41-1.03) 1.00 (0.64-1.57) 0.966

Note: *Adjusted odds ratios (OR, 95% Cl) of low-income group vs. middle-income group, high-income group to evaluate the association
between income level and the achievement of individuals risk factor control targets, and individual medication use (antiplatelet drug,
BP-lowering drug, anti-hyperglycemia drug, lipid-lowering drug). Low-income group as the reference group. Age, gender (male, female),
urbanity (urban, rural), region (northern, southern), education level (primary school or lower, middle school, high school, college or above),
health insurance status (insured, uninsured), and history of disease (hypertension, diabetes mellitus, family history of stroke) were

included in the adjustment.
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1.24-1.33, reference: low-income group), have
a level of physical activity higher than the popula-
tion quartile (OR = 1.17; 95% Cl: 1.14-1.20), and
have a healthier diet (OR = 1.62; 95% Cl: 1.52—
1.71; Figure 1). However, middle- and high-income
participants were less likely to control their alcohol
consumption and BP than low-income participants.
This was especially true for middle-income partic-
ipants (OR = 0.82; 95% Cl: 0.78-0.85 for alcohol
consumption; OR = 0.82; 95% Cl: 0.76-0.81 for BP;
all p < 0.001; Figure 2). Antiplatelet medication use

was significantly more likely to be used by middle-
and high-income participants than low-income
participants (p = 0.017). This was especially true
for middle-income participants (OR = 1.17; 95% Cl:
1.04-1.30). There was no significant association
between middle-income participants and med-
ication for hypertension; however, high-income
participants were less likely to use it (OR = 0.90;
95% Cl: 0.84-0.96, p < 0.001). BMI and the use of
antihyperglycemic or lipid-lowering drugs were not
significantly associated with income level.

Risk factor control Adjusted odds ratio P-value

Non-current smoking < 0.001

Low-income group Ref. .

Middle-income group 1.22 (1.17-1.26) -

High-income group 1.28 (1.24-1.33) -

Non-current drinking < 0.001

Low-income group Ref. -

Middle-income group 0.92 (0.89-0.96) -

High-income group 0.82 (0.78-0.85)

Physical activity < 0.001

Low-income group Ref.

Middle-income group 0.73 (0.72-0.75)

High-income group 1.17 (1.14-1.20) -

Healthy diet < 0.001

Low-income group Ref. .

Middle-income group 1.30 (1.23-1.38) -

High-income group 1.62 (1.52-1.71) —a—

Normal BMI 0.354

Low-income group Ref. .

Middle-income group 0.98 (0.96-1.01) "

High-income group 0.99 (0.96-1.01) -

Normal blood pressure < 0.001

Low-income group Ref. L

Middle-income group 0.88 (0.85-0.90)

High-income group 0.78 (0.76-0.81) : : ‘
0.5 1.0 1.5 2.0

Figure 1. Adjusted odds ratios and 95% confidence interval in stroke primary risk factor control according to

income level

Medication use Adjusted odds ratio P-value

Antiplatelet drugs 0.017

Low-income group Ref. o

Middle-income group 1.17 (1.04-1.30) ——

High-income group 1.06 (0.94-1.19) T

BP-lowering drugs < 0.001

Low-income group Ref. "

Middle-income group 1.05 (0.98-1.12) T

High-income group 0.90 (0.84-0.96) =

Anti-hyperglycemia drugs 0.063

Low-income group Ref. "

Middle-income group 1.14 (0.98-1.33) T

High-income group 1.00 (0.86-1.16) -

Lipid-lowering drugs 0.337

Low-income group Ref. '

Middle-income group 0.86 (0.68-1.10) I

High-income group 1.01 (0.80-1.28) | _r— |
0.5 1.0 1.5

Figure 2. Adjusted odds ratios and 95% confidence interval in stroke primary medication use according to income

level

1478

Arch Med Sci 5, October / 2024



Income level is associated with differences in primary and secondary stroke prevention in China

In the stroke group, middle- and high-income
participants were more likely than low-income
participants to engage in physical activity at a lev-
el higher than the population quartile (OR = 1.24;
95% Cl: 0.96-1.60 for middle-income participants;
OR =1.61;95% Cl: 1.24-2.01 for high-income par-
ticipants) and to have a healthier diet (OR = 1.70;
95% Cl: 1.33-2.17 for middle-income participants;
OR =1.57;95% Cl: 1.22-2.02 for high-income par-
ticipants (Figure 3). However, middle- and high-in-
come participants had less control of their alcohol

consumption than low-income participants (OR =
0.83; 95% Cl: 0.67-1.03 for middle-income partic-
ipants; OR = 0.65; 95% Cl: 0.53-0.81 for high-in-
come participants). In contrast, smoking, BMI, BB
and the use of all four drugs were not significantly
associated with income level in the stroke group
(Figure 4).

Discussion

To the best our knowledge, this is the first study
to examine differences in the effects of income

Risk factor control Adjusted odds ratio P-value
Non-current smoking 0.759
Low-income group Ref. o
Middle-income group 1.08 (0.94-1.24) -
High-income group 0.98 (0.85-1.14) ——
Non-current drinking < 0.001
Low-income group Ref. .
Middle-income group 0.83 (0.67-1.03) —a
High-income group 0.65 (0.53-0.81) —-
Physical activity < 0.001
Low-income group Ref. .
Middle-income group 1.24 (0.96-1.60) -
High-income group 1.61 (1.24-2.01) — -
Healthy diet 0.008
Low-income group Ref. .
Middle-income group 1.70 (1.33-2.17) —_—
High-income group 1.57 (1.22-2.02) —_—
Normal BMI 0.139
Low-income group Ref. .
Middle-income group 1.13 (1.01-1.27) ——
High-income group 1.10 (0.98-1.24) —-—
Normal blood pressure 0.389
Low-income group Ref. "
Middle-income group 1.14 (0.94-1.39) —
High-income group 1.11 (0.90-1.36) : i : ‘
0.5 1.0 1.5 2.0
Figure 3. Adjusted odds ratios and 95% confidence interval in stroke secondary risk factor control according to
income level
Medication use Adjusted odds ratio P-value
Antiplatelet drugs 0.385
Low-income group Ref. L
Middle-income group 1.12 (0.94-1.32) T
High-income group 1.11 (0.93-1.34) -
BP-lowering drugs 0.218
Low-income group Ref. L
Middle-income group 0.96 (0.84-1.09) ——
High-income group 0.88 (0.77-1.02) —-—
Anti-hyperglycemia drugs 0.124
Low-income group Ref. L
Middle-income group 0.97 (0.66-1.41) e
High-income group 1.31 (0.88-1.94) -
Lipid-lowering drugs 0.966
Low-income group Ref. L
Middle-income group 0.65 (0.41-1.03) —_—
High-income group 1.00 (0.64-1.57) —_—
O.I4 1.0 l.IS Z.IO

Figure 4. Adjusted odds ratios and 95% confidence interval in stroke secondary medication use according to

income level
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level on primary and secondary stroke prevention
in a Chinese population. Compared to low-income
participants, high-income participants were more
likely to have a healthy diet and a physical activ-
ity level higher than the population quartile. In
addition, we observed a significant difference in
the effect of income level on primary and second-
ary prevention. In the primary prevention popu-
lation, individuals with middle to high incomes
were more likely to control smoking and use an-
tiplatelet agents, but differences in the use of
antidiabetic and lipid-lowering medications were
not significant. In addition, people in the mid-
dle-income group were more likely to take blood
pressure medications than those in the lower in-
come group, while the opposite was true in the
higher income group. Although participants with
a moderate-to-high income were less likely than
those with a low income to control their alcohol
consumption for primary prevention, we observed
the same relationship for secondary prevention
(Table Il1). BMI and the use of antihyperglycemic
or lipid-lowering drugs were not significantly as-
sociated with income level in either the primary or
secondary prevention categories.

In both the primary and secondary preven-
tion categories, in general, middle- and high-in-
come participants were better able to maintain
a healthy diet and engage in physical activity at
a level higher than the population quartile than
low-income participants. This is consistent with
the findings of previous studies showing that
higher indices of healthy eating are associated
with higher dietary costs and higher SES [15] and
that a smaller proportion of disposable income is
spent on healthy eating in low-income households
than in high-income households [16]. Further, an
Australian study from 2007 to 2008 showed that
adults in low-income households were less likely
than adults in high-income households to meet
the recommended physical activity guidelines
[17], and a systematic review reported a positive
association between the level of physical activity
and SES in low-and-middle-income countries [16].
Economic and educational opportunities ultimate-
ly influence eating behaviors [18], and anthropo-
logical studies have shown that a low income is
a major barrier to the adoption of a healthy diet
[15], and that a healthy diet is a key strategy for
preventing the development of stroke [19]. Stud-
ies have shown that, compared with lower-income
individuals, those with a higher income have high-
er health awareness scores, tend to adopt health-
ier behaviors [20], have the financial basis to ac-
cess better health services, maintain a healthier
diet, and undergo more physical activity. However,
in the primary prevention category in this study,
middle-income participants were less likely than

low-income participants to be physically active,
which may be because most of the low-income
participants were from rural areas (85.6% vs.
62.8%), where physical activity included the time
they spent working in the fields. Meanwhile, in
the secondary prevention group, participants with
middle and high income were less likely to engage
in high-level physical activity at work compared to
those with lower incomes (middle-income groups:
OR =1.24; high-income groups: OR = 1.61, p <
0.001). However, more research is needed to un-
derstand the relationships between income level,
physical activity, and diet.

In the primary prevention population, individu-
als with middle to high incomes were more likely
to control smoking and use antiplatelet agents.
In addition, people in the middle-income group
were more likely to take blood pressure medi-
cations than those in the lower-income group,
while the opposite was true in the higher-income
group. Smoking was found to be associated with
an increased absolute risk of death for individ-
uals in lower socioeconomic groups in a study
of older adults in the United Kingdom [21], and
a study of smoking during pregnancy and the
postpartum period also showed a negative asso-
ciation between income level and smoking [22].
Antiplatelet medication is particularly critical for
stroke prevention, and those with higher incomes
are better able to pay for medications than those
with lower incomes, whereas the use of antihy-
pertensive medication was found to be less com-
mon among higher- than among lower-income
groups in this study. This may be due to the fact
that 45.6% of the 6,367 low-income participants
were taking antihypertensive medications com-
pared with 43.99% of the 13,345 high-income
participants who reported a history of hyperten-
sion. A higher proportion of low-income partici-
pants than high-income participants were taking
medications. Although BP-lowering medication is
the most effective treatment for hypertension, the
use of these medications cannot be stopped once
it is started. However, the high-income group may
have more alternative options to treat hyperten-
sion, such as physical activity and a healthy diet in
addition to medication, which may be the reason
for the low rate of hypertension medication use in
this group. The mechanisms underlying the rela-
tionship between income level and BP control are
unclear, and thus more research is needed.

In the primary and secondary prevention cat-
egories, middle- and high-income participants
were more likely than low-income participants to
regularly consume alcohol daily or weekly. Studies
have suggested that alcohol consumption may be
a risk factor for stroke [23], but other studies have
shown that current alcohol consumption is asso-
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ciated with a reduced risk of myocardial infarc-
tion (hazard ratio: 0.76; 95% Cl: 0.63-0.93) [24].
In a study of the relationship between alcohol
consumption and income level, moderate alcohol
consumption was found to be associated with
a 10% increase in income compared with no alco-
hol consumption, when correcting for confound-
ing factors [25]. It has also been reported that an
appropriate level of alcohol consumption was as-
sociated with reduced risk of ischemic stroke [26].
Specific drinking patterns (< 5 days per week)
were found to be associated with a reduced risk
of stroke in the earlier period in another study of
152,469 middle-aged participants [27]. Also, in
a study of alcohol use and SES in urban and rural
regions of China, income level was found to be as-
sociated with the likelihood of current regular al-
cohol consumption [28]. Business interactions are
more prevalent in the context of rapid economic
development, and alcohol is commonly consumed
during social and business activities [28]. Thus,
middle- and upper-income participants would
have greater exposure to alcohol than lower-in-
come participants, which may have contributed
to the finding that middle- and upper-income par-
ticipants were less likely to control their alcohol
consumption. However, the mechanisms underly-
ing the association between alcohol consumption
and stroke remain unclear, and more research is
needed.

In addition, although we adjusted for urban-
ization as a factor in our study, there was an as-
sociation between income and urbanization, and
potential residual confounding factors stemming
from urbanization may be a risk factor for stroke.
Studies show that with the accelerated urbaniza-
tion, people’s sedentary work style and lack of
exercise have gradually increased the incidence
of overweight/obesity. People living in cities are
experiencing increasing work pressure and the
psychological burden associated with work pres-
sure, and long-term mental stress causes a series
of problems such as insomnia and anxiety [29]. In
a systematic review of studies, high psychologi-
cal demands, low job control and job stress were
associated with an increased risk of stroke in
women and men, and reducing job stress helped
to reduce the risk of stroke in the working pop-
ulation [30]. China is currently facing the world’s
worst air pollution problem, and cities have the
highest levels of air pollution, with one study re-
porting an association between air pollution and
daily stroke mortality in eight Chinese cities [31].
These may be potential effects from cities, which
deserve further study. Stroke prevention remains
a long-standing strategy, and understanding the
effect of income level is critical to understanding
the causes of stroke prevention disparities. The

present study found a significant effect of income
level on risk factor control (e.g., smoking, alco-
hol consumption, physical activity, diet, BP) and
medication use (antiplatelet and antihypertensive
drugs) in the primary prevention category. How-
ever, only alcohol consumption, physical activity,
and diet were associated with income level in the
secondary prevention category. Health education
may influence an individual’s beliefs and behav-
iors. For both primary and secondary prevention,
long-term health education programs should be
implemented, especially for primary prevention in
low-income populations.

To the best of our knowledge, this is the first
study to examine the association between in-
come levels and stroke prevention disparities in
a Chinese population. The findings of this study
will be useful in informing stroke prevention
strategies. This study included populations from
10 geographical regions of China, with a large
sample size, detailed data records, a rigorous and
standardized survey process, and reliable data
sources and quality.

However, there were several shortcomings of
our study. First, the diagnosis of stroke was based
on a self-reported physician’s diagnosis, which
may be subject to recall bias, and our population
was selected based on local disease patterns, ex-
posure to certain risk factors, population stability,
quality of death and disease registers, and local
commitment and capacity, with some limitations
on extrapolation of our findings. Second, the clas-
sification of income level was based on the appro-
priate tertile classification for this study, whereas
previous studies may have used different criteria
for income level classification, and therefore our
findings may lack comparability with those from
other studies. Also, due to the huge socioeconom-
ic development differences between cities and
regions in China, using a unified income division
standard may be inappropriate. For example, for
economically developed cities and regions, 20,000
RMB does not represent a high income level, while
for economically underdeveloped regions, 10,000
RMB may represent a middle income. In addition,
due to the influence of age, young people and the
elderly generally have lower income levels, and
the income grouping criteria in this study may not
reflect this well. Future research needs to consider
regional differences and develop more reasonable
income division standards. The third limitation of
this study is the intergenerational differences in
educational levels, which could potentially con-
found the impact of income. In China, older par-
ticipants have historically had fewer opportunities
for education. To account for this, we adjusted for
educational levels in subsequent analyses. How-
ever, residual confounding factors may still exist.
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Future research should further explore the inter-
actions among age, education level, income, and
stroke prevention behaviors. In addition, because
our data did not include specific stroke type, we
did not know whether the stroke was an ischemic
or hemorrhagic stroke, or a transient ischemic at-
tack (TIA). Finally, this was a cross-sectional study,
and therefore we were unable to verify the causal
relationship between income level and stroke pre-
vention activities.

In conclusion, our findings suggest that low-in-
come individuals are less likely to control their
smoking and diet and use preventive medica-
tions, whereas high-income individuals are less
likely to control their alcohol consumption and
BP and use medication for both primary and sec-
ondary prevention. In China, disparities in stroke
prevention due to income level persist, and pre-
vention outcomes remain suboptimal. Further
evaluation of the current prevention measures is
needed, and a long-term approach to health ed-
ucation for low-income populations needs to be
implemented.
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