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Abstract
Background: Research on the relationship between road network density and cognitive function is
lacking, and air pollution is related to both issues.

Objective: We examined the mediating role of air pollution in relationship to road network density and
cognitive function of older adults in Liaoning, China.

Methods: This analysis included 745 adults age 60 and older. We obtained road network density for total
roads, main roads, secondary roads, and other roads by OpenStreetMap and QGIS. We used air quality
index (AQI) for the whole year, heating period, and nonheating period to assess individual air pollution
exposure levels in different periods. We measured cognitive function using the Mini-Mental State
Examination (MMSE). We used mediation analysis to evaluate the role of air pollution in the relationship
between road network density and cognitive function.

Results: The relationship between total road network density and global cognitive function was positive
(β>0, p<0.01), and air pollution had a suppressing effect. The main road network density and cognitive
function were negatively correlated, and the mediating effect of air pollution for all three periods
accounted for 81.69%–90.09% of the total effects. The other road network density and cognitive function
were positively correlated, and the suppressing effect of air pollution for all three periods accounted for
10.06%–18.50% of the total effects. The secondary road network density and cognitive function were
positively correlated, and the suppressing effect of air pollution in the whole year and heating period
accounted for 21.06% and 26.10% of the total effects, respectively. During nonheating period, the
suppressing effect of air pollution was not statistically signi�cant [β = −0.018; standard error (SE) =
0.014; 95% con�dence interval (CI): −0.046, 0.007].

Conclusion: Because the different categories of road network density have different relationships with
cognitive function, air pollution had different effects on these relationships.

Introduction
China is experiencing rapid growth in its older population because of substantial declines in both fertility
and mortality. The proportion of individuals age 60 years and older will increase from 13.26% of the
Chinese population in 2010 to 25.1% in 2030 [1]. Research has suggested that cognitive function
generally declines with aging. Elderly people are especially sensitive to physical and social surroundings
and also are more vulnerable than younger adults to the environment [2]. Previous research has identi�ed
multiple individual risk factors that are associated with cognitive impairment and decline [3]. Recently, a
growing number of researchers have looked beyond individual-level factors to consider the role of the
built environment (BE) for cognition in older adults. Several BE features, such as land use mix, natural
environment availability, and street connectivity, have been identi�ed as being related to dementia and
cognitive decline [4–6]. Road network density, as an important component of the BE, is an index used to
evaluate the tra�c conditions of a certain area and to measure the level of urban road construction. A
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higher density of the road network represents more convenient transportation [7]. Studies have shown
that transportation is linked to physical activity [8, 9], which provides cognitive stimulation for older
adults and also reduces vascular risk factors for dementia [10, 11]. To our knowledge, however, no
research has been reported on the relationship between road network density and cognitive function.

With further urbanization trends and an expanding road network, motor vehicle exhaust emissions have
become a signi�cant source of air pollution, which could further increase the risk of the population
exposed to air pollution [12]. The association between air pollution and cognitive function has been well
documented [13]. Studies have identi�ed that air pollution was associated with a decrease in the total
score of the cognitive function scale [14–16]. Long-term exposure to air pollution may accelerate
cognitive decline in the early stages of dementia development [17]. Two studies on neuroimaging data of
the elderly in the United States also found that living in areas with high concentrations of air pollutants is
associated with changes in brain structure [18] and decreased brain volume [19]. Exposure to high levels
of ambient air pollutants increases brain in�ammation [20] and the accumulation of β-amyloid protein
[21], both of which are related to the pathogenesis of Alzheimer's disease (AD). Thus, air pollution may
play an intermediary role in the relationship between road network density and cognitive function.

The study of environmental characteristics, such as road network density and air pollution, can further
our understanding of the potential in�uencing factors in the living environment that may affect cognitive
health and help to improve cognitive health through environmental regulation, which holds great
signi�cance for the prevention and intervention of cognitive function decline. Therefore, to determine the
relationship between road network density and cognition, and the associated role of air pollution, we
conducted a cross-sectional study in Liaoning, China. The theoretical framework of this study is shown in
Fig. 1.

Methods

Study design and study population
We performed this study in three cities (Shenyang, Anshan and Fuxin) in Liaoning Province, China, in
2017. We selected two municipal districts from each city, �ve community healthcare centers from each
municipal district, and 25 elderly people from each community healthcare center. The community
healthcare center manages multiple communities, and the participants include people who go to the
community healthcare center for physical examinations but who are not patients. We recruited people
age 60 and older who had the ability to take care of themselves and could complete the survey on their
own. We excluded participants who suffered from dementia or AD, were deaf or nonspeaking, and had
brain hemorrhage within six months of this study. We excluded three participants who had missing
cognitive test scores and two participants who were missing years of community residence, leaving a
�nal sample size of n = 745. We obtained approval of the study from the Ethical Committee of the China
Medical University, and we received consent from all participants.
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Exposure assessment
Road network density. Road network density refers to the ratio of the total mileage of the road network to
a certain area. We use OpenStreetMap (OSM) to obtain the total length of all roads within a 0.8 km radius
buffer centered on the centroid of community where the participant was located. We used QGIS v3.14.15
for road length acquisition and calculation. In addition, we divided the total roads into three categories,
including the main roads, secondary roads and other roads. The main roads were the roads connecting
cities, including national highways, provincial highways, and ring roads. The secondary roads were the
roads connecting the main areas in the city, including arterial roads of the cities. Other roads referred to
roads in various areas of the cities except for the main roads and secondary roads.

Air pollution. We used air quality index (AQI) to assess individual air pollution exposure levels. We
obtained ambient air pollution data from the national urban air quality real-time release platform of China
National Environmental Monitoring Centre. Considering that cognitive change is a long-term process, we
collected air pollution data available in the three years before the survey. We derived an average measure
of air pollution for each tract using daily monitoring data recorded at monitoring sites. We obtained the
annual average value of air pollution by calculating the three-year air pollution monitoring data. We
obtained the average value of air pollution during the heating period by calculating the air pollution data
for the �ve months from November to March of the following year. We obtained the average value of air
pollution in the nonheating period by calculating air pollution data for the seven months from April to
October. The following inverse distance formula was used to obtain the average air pollution
concentration within a 10 km radius centered on the centroid of the communities of participants lived:

         [1],

where Zp represents the interpolated air pollution value at the centroid of the communities of participants
lived, Zi is the monitor-speci�c daily mean of air pollution, Wi is the inverse distance function (1/distance
from tract centroid to monitor i), and n is all monitors within a 10 km radius of the centroid of the
communities of participants lived.

Assessment of cognitive function
We measure cognitive function with the Mini-Mental State Examination (MMSE) [22], which has
previously been validated locally in the Chinese population with good sensitivity and speci�city [23]. The
MMSE is a 30-point questionnaire that is commonly used to brie�y measure the cognitive status in the
studies of older adults, with higher scores indicating better cognitive function. The test consists of a set
of questions and tasks that assess a variety of domains, including orientation (10 points), memory (3
points), attention (5 points), recall (3 points), and language (9 points).
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Covariates
We collected information on age, gender, education, income, marital status, length of community
residence, numbers of people living together, and chronic disease history by questionnaires. For
education level, we categorized participants into two groups: those with nine or fewer years of education
and those with ten years or more. Annual household income was placed into two groups: less than ¥
50000 and ¥ 50000 or more. Marital status was organized according to those who currently were married,
never married, divorced, or widowed. We additionally collected information on the length of community
residence and the number of people living together with categories representing one people, two, three,
and four and above. Because several chronic conditions are related to cognitive disorders in older age, the
presence or absence of four chronic diseases, including hypertension, diabetes, hyperlipidemia, and
coronary atherosclerotic heart disease, were recorded on the basis of self-reported information in the
interview. If the respondent suffered from any of these diseases, we considered that they had chronic
disease history. To control the air pollution caused by heating, we also collected the number of all
chimneys of heating companies within a 0.8 km radius buffer centered on the centroid of community
where the participant lived.

Statistical Analysis
We ran all statistical analyzes with the software package SPSS Statistics 23.0. We reported descriptive
statistics of the study population and exposure assessment as percentages or means (standard
deviation) and conducted mediation effect analyses with PROCESS [24]. To ensure that our models and
main results were not merely due to speci�c model speci�cations, we �rst adjusted different covariates;
included a set of demographic covariates (age, gender, education, annual household income) in model 1;
and then included covariates representing family network resources (marital status and living together),
chronic disease history, and length of community residence in model 2, model 3, and model 4,
respectively. Second, we examined the mediating effect of air pollution on different cognitive domains.
Third, we examined the role of air pollution of three periods in the three categories of road network
density and cognitive function.

Results
Table 1 shows the characteristics of the study population. The average total score of MMSE was 25.82 ± 
3.15. More information about exposure variables are presented in Table 2.
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Table 1
Characteristics of the study population (n = 745)

Characteristics n (%)/mean ± SD

Age, years 67.8 ± 6.2

Gender  

Male 256 (34.4)

Female 489 (65.6)

Education, years  

≤ 9 470 (63.1)

> 9 275 (36.9)

Marital status  

Married 608 (81.6)

Never married 8 (1.1)

Divorced 20 (2.7)

Widowed 109 (14.6)

Annual household income, ¥  

< 50,000 403 (54.1)

≥ 50,000 342 (45.9)

Numbers of people living together  

1 82 (11.0)

2 513 (68.9)

3 63 (8.5)

4 and more 87 (11.7)

Length of community residence, years 20.2 ± 14.4

Chronic disease history  

No 317 (42.6)

Yes 428 (57.4)

Note: SD = Standard Deviation. Chronic disease history represents any positive medical history for
hypertension, diabetes, hyperlipidemia, or coronary atherosclerotic heart disease.
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Table 2
Descriptive statistics of the cognitive test (MMSE) total scores, cognitive domains

and exposure variables
Characteristics Mean ± SD Range

Cognitive test    

Total Scores 25.82 ± 3.15 (12, 30)

Orientation 9.79 ± 0.63 (5, 10)

Memory 2.02 ± 0.89 (0, 3)

Attention 4.36 ± 1.25 (0, 5)

Recall 1.82 ± 1.05 (0, 3)

Language 7.83 ± 1.01 (2, 9)

Exposure variables    

Road network density, km/km2    

Total roads 6.37 ± 3.54 (1.05, 16.73)

Main roads 1.20 ± 1.12 (0, 4.63)

Secondary roads 1.58 ± 1.50 (0, 5.71)

Other roads 3.58 ± 1.89 (0.28, 10.43)

Air quality index, N/A    

The whole year 91.49 ± 9.31 (76.56, 112.50)

Heating period 112.34 ± 15.68 (86.82, 141.61)

Non-heating period 76.60 ± 5.05 (69.23, 91.71)

Number of chimneys of heating companies 1.59 ± 1.79 (0, 8)

Note: SD = Standard Deviation; MMSE, Mini-mental State Examination.

 

As seen in Table 3, the relationship between total road network density and global cognitive function was
signi�cant and positive (β > 0, p < 0.01). The relationship between total road network density and global
cognitive function remained signi�cant after including AQI as a mediator (β > 0, p < 0.01). Results showed
that the relationship between total road network density and global cognitive function through AQI had a
suppressing effect, and the suppressing effects remained signi�cant and negative in all four models after
adjusting by different covariates. The suppressing effect was 41.52% of the total effects after inclusion
of the covariates related only to demographics. The suppressing effects of model 2, which included the
covariates related to family network resources; model 3, which included the history of chronic disease;
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and model 4 which included the length of community residence were 40.58%, 40.56%, and 40.95%,
respectively of the total effects.

Table 3
Total, direct, and indirect effects from mediation models adjusted by different covariates

  β SE LLCI ULCI Proportion

Model 1          

Indirect −0.111 0.014 −0.141 −0.085 41.52%

Direct 0.268 0.029 0.213 0.325  

Total 0.157 0.026 0.105 0.208  

Model 2          

Indirect −0.108 0.014 −0.135 −0.082 40.58%

Direct 0.265 0.029 0.208 0.322  

Total 0.157 0.026 0.107 0.210  

Model 3          

Indirect −0.109 0.014 −0.139 −0.084 40.56%

Direct 0.269 0.030 0.211 0.327  

Total 0.160 0.026 0.108 0.211  

Model 4          

Indirect −0.111 0.014 −0.140 −0.086 40.95%

Direct 0.271 0.030 0.214 0.332  

Total 0.160 0.026 0.111 0.214  

Note: SE, standard error; LLCI, lower limit con�dence interval; ULCI, upper limit con�dence interval.

Model 1 controlling for age, gender, education, annual household income.

Model 2 controlling for age, gender, education, annual household income, marital status, living
together.

Model 3 controlling for age, gender, education, annual household income, marital status, living
together and chronic disease history.

Model 4 controlling for age, gender, education, annual household income, marital status, living
together, chronic disease history and length of community residence.
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Table 4 shows the results of the mediation analysis on the �ve dimensions of cognition. Except for the
orientation, the role of air pollution on the relationship between total road network density and all four
cognitive domains had a suppressing effect. Among them, the suppressing effect of AQI between total
roads and recall accounted for 49.57% of the total effects.

Table 4
Total, direct, and indirect effects from mediation models of cognitive domains

  β SE LLCI ULCI Proportion

Orientation          

Indirect −0.004 0.003 −0.011 0.002 −

Direct 0.016 0.006 0.003 0.028  

Total 0.011 0.006 −0.001 0.023  

Memory          

Indirect −0.018 0.004 −0.026 −0.011 40.31%

Direct 0.045 0.009 0.026 0.063  

Total 0.027 0.009 0.010 0.044  

Attention          

Indirect −0.027 0.006 −0.040 −0.016 40.18%

Direct 0.068 0.014 0.042 0.094  

Total 0.041 0.012 0.018 0.064  

Recall          

Indirect −0.041 0.006 −0.053 −0.030 49.57%

Direct 0.082 0.012 0.059 0.104  

Total 0.041 0.010 0.021 0.061  

Language          

Indirect −0.021 0.004 −0.029 −0.013 33.99%

Direct 0.061 0.009 0.044 0.079  

Total 0.040 0.008 0.025 0.055  

Note: SE, standard error; LLCI, lower limit con�dence interval; ULCI, upper limit con�dence interval.

Controlling for age, gender, education, annual household income, marital status, living together,
chronic disease history and length of community residence.
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Table 5 shows that the secondary road network density [β = 0.366; standard error (SE) = 0.062; 95%
con�dence interval (CI): 0.248, 0.488] and other road network density (β = 0.452; SE = 0.052; 95% CI:
0.349, 0.556) have a positive correlation with global cognitive function. The main road network density
was negatively correlated with global cognitive function (β = −0.349; SE = 0.115; 95% CI: −0.573, − 0.122).
The role of air pollution on the relationship between secondary road network density and other roads and
global cognitive function throughout the year had a suppressing effect that accounted for 21.06% and
17.93%, respectively, of the total effects. The role of air pollution on the relationship between main road
network density and global cognitive function throughout the year had a mediating effect that accounted
for 90.09% of the total effects.

Table 5
Total, direct, and indirect effects from different categories of road network density to cognitive function

on the basis of annual average AQI

  β SE LLCI ULCI Proportion

Main roads          

Indirect −0.314 0.069 −0.457 −0.182 90.09%

Direct −0.035 0.143 −0.313 0.254  

Total −0.349 0.115 −0.573 −0.122  

Secondary roads          

Indirect −0.098 0.019 −0.138 −0.062 21.06%

Direct 0.463 0.064 0.341 0.589  

Total 0.366 0.062 0.248 0.488  

Other roads          

Indirect −0.099 0.016 −0.132 −0.070 17.93%

Direct 0.551 0.054 0.447 0.658  

Total 0.452 0.052 0.349 0.556  

Note: SE, standard error; LLCI, lower limit con�dence interval; ULCI, upper limit con�dence interval.

Controlling for age, gender, education, annual household income, marital status, living together,
chronic disease history and length of community residence.

 

Table 6 shows that after controlling for the number of chimneys of heating companies, secondary road
network density (β = 0.369; SE = 0.062; 95% CI: 0.253, 0.492) and other road network density (β = 0.469;
SE = 0.052; 95% CI: 0.368, 0.570) had a positive correlation with global cognitive function, but the main
road network density was negatively correlated with global cognitive function (β = −0.359; SE = 0.114;
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95% CI: −0.584, − 0.132). The mediating effect of AQI during the heating period between the main roads
and global cognitive function accounted for 83.90% of the total effect; the suppressing effect of AQI
between secondary roads and global cognitive function accounted for 26.10% of the total effect; and the
suppressing effect of AQI between other roads and global cognitive function accounted for 18.50% of the
total effect.

Table 6
Total, direct, and indirect effects from different categories of road network density to cognitive function

on the basis of average AQI during the heating period

  β SE LLCI ULCI Proportion

Main roads          

Indirect −0.301 0.071 −0.442 −0.163 83.90%

Direct −0.058 0.145 −0.338 0.229  

Total −0.359 0.114 −0.584 −0.132  

Secondary roads          

Indirect −0.130 0.022 −0.175 −0.090 26.10%

Direct 0.499 0.066 0.369 0.626  

Total 0.369 0.062 0.253 0.492  

Other roads          

Indirect −0.106 0.017 −0.142 −0.075 18.50%

Direct 0.575 0.055 0.469 0.685  

Total 0.469 0.052 0.368 0.570  

Note: SE, standard error; LLCI, lower limit con�dence interval; ULCI, upper limit con�dence interval.

Controlling for age, gender, education, annual household income, marital status, living together,
chronic disease history, length of community residence and the number of chimneys of heating
companies.

 

Table 7 shows that during the nonheating period, the relationship between secondary road network
density and global cognitive function mediated by AQI was not statistically signi�cant (β = −0.018; SE = 
0.014; 95% CI: −0.046, 0.007). The mediating effect of AQI between the main roads and global cognitive
function accounted for 81.69% of the total effect; the suppressing effect of AQI between other roads and
global cognitive function accounted for 10.06% of the total effect.
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Table 7
Total, direct, and indirect effects from different categories of road network density to cognitive function

on the basis of average AQI during the nonheating period

  β SE LLCI ULCI Proportion

Main roads          

Indirect −0.285 0.054 −0.397 −0.183 81.69%

Direct −0.064 0.128 −0.312 0.181  

Total −0.349 0.113 −0.575 0.181  

Secondary roads          

Indirect −0.018 0.014 −0.046 0.007 −

Direct 0.383 0.062 0.263 0.506  

Total 0.366 0.061 0.247 0.490  

Other roads          

Indirect −0.051 0.011 −0.075 −0.030 10.06%

Direct 0.503 0.054 0.400 0.609  

Total 0.452 0.053 0.347 0.556  

Note: SE, standard error; LLCI, lower limit con�dence interval; ULCI, upper limit con�dence interval.

Controlling for age, gender, education, annual household income, marital status, living together,
chronic disease history and length of community residence.

Discussion
The results of this study indicated that total road network density was positively related to global
cognitive function. Higher road network density not only promoted walking and cycling but also promoted
the use of public transportation, such as walking to a bus station or train station, thereby increasing
individual physical activity [25, 26]. A survey on the potential risk factors of AD showed that, on a global
scale, inadequate physical activity is one of the two most important risk factors for the development of
AD [27]. Longitudinal studies also have con�rmed the importance of physical activity in reducing
dementia risk [28]. In a study of 2492 elderly Germans, regular participation in any additional physical
activity was shown to reduce the incidence of dementia by 20% over the next 4.5 years [29]. In addition, a
study of 803 elderly people living in the suburbs of Japan found that compared with those who were less
active, those who claimed to have at least one day of physical activity per week had a 41% lower risk of
developing AD over the next 12 years [30]. Other longitudinal studies on the elderly have shown that
compared with a sedentary lifestyle, any physical activity can reduce dementia or dementia-related
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mortality [31–33]. Therefore, we speculate that a dense road network can slow the progression of
cognitive impairment by encouraging individuals living in the area to increase their physical activity.

With the expansion of the road network, however, the �ow of motor vehicles will also increase, which will
increase air pollution [34, 35]. Therefore, in this study, we tested the mediating role of air pollution. Our
results showed that air pollution weakened the promotion effect of total road network density on
cognitive function. Although everyone may suffer the consequences of long-term exposure to air
pollution, the elderly are more vulnerable. Increasing evidence has suggested that chronic ambient air
pollution exposure may have neurotoxic effects in older individuals. In a multivariable-adjusted model for
global cognitive function, the results demonstrated the association of black carbon with lower cognitive
performance and cognitive decline in older individuals [36]. Another study evaluated the long-term
exposure to particulate matter (PM) among 399 women 68–79 years old demonstrated an association
between long-term exposure to air pollution and mild cognitive impairment [37]. Other researchers have
reported that exposure to high concentrations of air pollutants will increase the risk of AD [38] and
vascular dementia [39]. It is precisely because of the harmful effect of air pollution on cognition that air
pollution plays a suppressing role in the relationship between road network density and global cognitive
function.

The majority of studies to date have reported the negative association of air pollution with global
cognition or different domains of cognition, especially memory, language, and attention. A study
assessed adults age 50 years and older living in areas with higher PM2.5 and found that participants had
worse cognitive function, particularly for episodic memory but not for mental status [40]. Researchers
also observed the relationship between estimated annual ozone exposure and reduced performance in
speci�c central nervous system (CNS) functions. The results showed that the adverse effect was more
pertinent to ozone-induced impairment in memory, attention, and coding ability but not in visuomotor
speed [41]. Another study that examined a variety of air pollutants also showed that air pollution was
inversely associated with logical memory abilities, executive functioning, and verbal learning
performance [42]. The results of this study showed that air pollution mediated the relationship between
road network density and memory, recall, language, attention, and calculation but not orientation. This
�nding was consistent with previous research results demonstrating that air pollution may be related to
one or several dimensions of cognitive function.

Different roads have different characteristics and functions. Therefore, to further study the impact of
different categories of roads on cognition, this study divided total roads into three categories. Results
showed that the secondary road network density and other road network density remained positively
correlated with cognitive function, but the main road network density was negatively correlated with
cognitive function. The main roads generally are open to large cars with the largest tra�c volume, thus
connecting different cities and communicating with the outside world. The secondary road connects the
main areas in the city, undertakes the main tra�c tasks of the city, and forms the skeleton of the urban
road network. Other roads play a role in collecting and distributing tra�c and also have service functions.
Compared with secondary roads and other roads, the main roads have few nonmotorized vehicles, larger
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tra�c volume, and no restrictions on large vehicles. As a result, main roads have a limited effect on
promoting people's physical activities such as walking and cycling. Thus, different categories of road
have different impacts on people.

Liaoning Province is located in northeast China, from 38°43' to 43°26' north latitude. Its winter is long and
cold, with a heating period of up to �ve months each year. In addition to vehicle exhaust emission, coal-
�red central heating is a signi�cant source of air pollution in northern cities. Thus, based on the analysis
of the mediating effect of air pollution throughout the year, in this study, we selected the heating period
and controlled the number of chimneys of the heating companies for analysis to reduce the impact of air
pollution from heating sources. For comparison, we also selected the nonheating period to eliminate air
pollution from the heating source. Results showed that in the three periods, the mediating effect of air
pollution in main road network density and cognitive functions, and the suppressing effect of air pollution
in other road network density and cognitive functions did not change. The secondary road network
density continued to have a positive relationship with cognition. Although the role of air pollution on the
relationship between secondary road network density and global cognitive function during the
nonheating period was not statistically signi�cant, it revealed a suppressing effect trend. Because it is
di�cult to travel in cold and snowy winter, the use of bicycles and electric bicycles decreased
signi�cantly, and the use of motor vehicles increased. At the same time, the phenomenon of temperature
inversion makes it di�cult for pollutants to spread. All of these factors make air pollution more serious
during the heating period and reduce individual physical activities, which in turn has a greater adverse
effect on cognitive function. This analysis further con�rmed that the role of air pollution on the
relationship between road network density and cognitive function was stable.

Our study had some limitations. First, like other cross-sectional studies, the causal directions could not be
examined. Second, although we adjusted many measured demographic characteristics and health-related
characteristics of people, we were unable to control all covariates, and some variables that were not
included, such as a sedentary lifestyle, depression, and unhealthy diet, may have affected our estimates.
Third, individual exposure to air pollution in this study was estimated based on air monitoring data and
may have been imperfect measures of personal exposure to ambient air pollution. Therefore, we applied
inverse spatial interpolation to minimize exposure error resulting from spatial variation in air pollution
concentrations, which reduced the error of using traditional closest environmental monitoring
concentration to assess exposure.

Thus far, treatment for dementia and cognitive decline is not effective. With increased aging, cognitive
decline and dementia have become important public health issues that seriously affect the mental health
and quality of life of the elderly. Environmental characteristics that support active aging may reduce the
risk of cognitive impairment and dementia. In recent years, scholars increasingly have turned their
attention to researching the impact of the BE on cognitive functions [4, 43–45]. With the continuous
development of urbanization, road networks have continued to expand. In China, by the end of 2019, the
road network density was 52.21 km/100 km2, an increase of 4.53 km /100 km2 over 2015 [46]. This
research found higher secondary road network density and other road network density could be bene�cial
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to cognitive function by enhancing individual physical activity, but at the same time, this density also
increased air pollution, thereby further impairing cognitive function. In addition, main road network
density was positively correlated with lower cognitive function scores. Thus, when expanding road
network construction, attention should be paid to reducing air pollution, thus ensuring that people can
enjoy the convenience of transportation while also minimizing adverse effects on health.

Abbreviations
AD, Alzheimer’s dementia; AQI, Air Quality Index; MMSE, Mini-Mental State Examination; β, β eta
coe�cient; SE, Standard Error; CI, Con�dence Interval; SD, Standard Deviation; LLCI, lower limit con�dence
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Figure 1

Theoretical framework of the mediation model.
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