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Impact of air pollution on cognitive impairment in older people: a cohort study in rural 

and suburban China  

ABSTRACT 
 

Background: The impact of air pollution on cognitive impairment in older people has not been 

fully understood. It is unclear which air pollutants are the culprit. 

Objective: We assessed the associations of six air pollutants and air quality index (AQI) with 

cognitive impairment.   

Methods: We examined 7,311 participants aged ≥60 years from the ZJMPHS cohort in China. 

They were interviewed for baseline socio-demographic and disease risk factors in 2014, and re-

interviewed in 2015 and 2016 respectively. The presence of cognitive impairment was 

determined by the Chinese version of the Mini-Mental State Examination. Daily area-level data 

monitored for air pollution during 2013-2015 was then examined for associations with 

cognitive impairment in logistic regression models.  

Results: Over the two years follow-up, 1,652 participants developed cognitive impairment, of 

which 917 were severe cases. Continuous air pollution data showed the risk of cognitive 

impairment increased with exposure to PM2.5 (fully adjusted odds ratio [aOR] 1.04, 95%CI 

1.01-1.08), PM10 (1.03, 1.001-1.06) and SO2 (1.04, 1.01-1.08), but not with NO2, CO, O3 and 

AQI. Categorized data analysis for low, middle and high level exposure demonstrated that the 

aOR increased with PM2.5 and AQI, somehow with PM10 and CO, but not significantly with SO2 

and NO2, and decreased with O3. The patterns for these associations with severe cognitive 

impairment were stronger. 

Conclusion: Lowering PM2.5, PM10, SO2 and CO level could reduce the risk of cognitive 

impairment in older Chinese. Strategies to target most important air pollutants should be an 

integral component of cognitive interventions.  
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Introduction 
Cognitive impairment, the stage between normal cognitive aging and dementia, is becoming 

more common as the aged population grows. The prevalence of cognitive impairment was 

estimated to be between 10% and 20% in people aged 65 years and older. [1] No medications 

have been proven to be effective in treating cognitive impairment, while 8%~15% of older 

people with cognitive impairment progress to dementia per year.[1]  Cognitive impairment and 

dementia in older people increasingly account for a larger burden of monetary and healthcare 

needs in the world.[2] Therefore, it is important to identify modifiable risk factors for cognitive 

impairment in older people for prevention.     

Over the past ten years, there has been increased interest in examining whether exposure 

to air pollution was associated with brain pathology, including in particular  neurodegeneration, 

excessive oxidative stress, and neuroinflammation.[3]  Previous studies in laboratory and real 

world have shown an association between higher levels of air pollutants and faster cognitive 

decline.[4]  Our systematic literature review showed that air pollutants  increased the risk of 

cognitive decline in young people.[5] Air pollution could make older people more vulnerable to 

cognitive decline owing to the cumulative impact of air pollution on cognitive impairment being 

exacerbated by the co-presence of cardiovascular diseases which are more common with 

increasing age [6]. However, there are limited data investigating the impact of air pollution 

exposure on cognitive impairment in older people [6-10], and few studies have examined the full 

picture of exposure to air pollutants associated with cognitive impairment in older people.  

 Current knowledge of the association between air pollution and cognitive impairment 

is predominantly derived from studies undertaken in high income countries and regions,[6-10] 

and their findings may not be applied in low and middle income countries (LMICs), where air 

pollution levels are higher and there is a higher prevalence of cognitive impairment and 

dementia in older people.[11] China is the largest country of LMICs, and has been recorded as 

having the highest level of air pollution in the world.[12] It is reported that the population 
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weighted mean PM2.5 in China increased from 39.3 μg/m3 in 1990 to 54.3 μg/m3 in 2013.[11] 

However, no study has been conducted to examine the impact of air pollution on cognitive 

impairment in older people in the mainland of China.[13] In this study, we examined data of a 

large-scale cohort study of older people to assess the impact of air pollution on cognitive 

impairment. We hypothesized that overall exposure to air pollution was independently 

associated with the increased risk of cognitive impairment in older people, but the impact of 

different air pollutants on cognitive impairment varied.  We investigated the association of air 

quality index (AQI) and each individual of air pollutants (PM2.5, PM10, SO2, O3, CO, NO2) at 

baseline with cognitive impairment identified in the follow-up. 

 

Material and Methods 
Study design and population  
Study populations were derived from the Zhejiang Major Public Health Surveillance (ZJMPHS) 

Program, a prospective study which aimed to monitor health conditions and their determinants 

among older people. The design of the ZJMPHS has been fully described before. [14] Briefly, in 

2014 we randomly selected six counties (Changshan, Haishu, Jingning, Tongxiang,Yuecheng, 

Yuhuan) of 90 in Zhejiang province as the study fields. In each county we selected one town, 

and then through the town residential registration list we randomly recruited no fewer than 

1,500 permanent residents aged ≥60 years for the ZJMPHS. A total of 9,353 participated in the 

baseline survey, with a response rate of 89.6%. The baseline information data of each participant 

was collected by trained local community general practitioners (GPs) in community hospital or 

at home, using a structured questionnaire. The questionnaire recorded participant’s socio-

demographic characteristics, lifestyles, histories of chronic disease (e.g., hypertension, 

diabetes) and disease risk factors, and dietary intakes. The participants completed a Chinese 

version of Mini-Mental State Examination (MMSE). The GPs took physical measurements for 

each participant including body height, weight, waist circumference and hip circumference. 
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According to the standard methods, blood pressure and heart rate were measured for all 

participants.[14]  

 

Cognitive assessment  
We used the Chinese version of MMSE (CMMSE) to assess cognitive function for each  

participant. The methods of CMMSE and cognitive impairment have been described in previous 

publications.[14] In brief, the Chinese MMSE consists of 30 items to assess 5 dimensions of 

cognitive function: orientation function, memory, attention/concentration function, language 

function and visuospatial function.[15] The total score on the CMMSE ranged from 0 to 30, with 

higher total scores indicating better cognitive function. Based on the CMMSE guideline,[16] an 

education-specific cut-point was used to identify cognitive impairment for each participant: 

17/18 for illiteracy, 20/21 for participants with primary education level, 24/25 for participants 

with higher than primary education level. Of 9,353 participants, 1,406 were found to have 

cognitive impairment at baseline. 

Air pollution measurement  
In each county where the participants lived, daily concentrations of air pollution were 

measured, including PM2.5 (μg/m3), PM10 (μg/m3), SO2 (μg/m3), NO2(μg/m3), CO(mg/m3) and 

O3(μg/m3). We obtained these data of atmospheric environmental monitoring of 2013, 2014 

and 2015, from Department of Ecology and Environment of Zhejiang Province. The daily mean 

of air pollutants within the same county was assigned to ZJMPHS participants who lived in the 

same county. Based on the level of the six atmospheric pollutants, we calculated air quality 

index (AQI).[17]  

The Follow-up of Cohort 
In 2015 and 2016 we re-interviewed surviving cohort members. After excluding 531 deaths and 

224 lost to the follow up, we successfully re-examined a total of 8,598 surviving cohort 

members using the same questionnaire as those at baseline. After excluding 1,287 participants 

with baseline cognitive impairment, 7,311 cohort members were remained for the follow-up 
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data analysis, where 1,652 participants were documented to have developed incident cognitive 

impairment by the CMMSE. 

The ZJMPHS program was approved by the Ethics Committee of the Zhejiang 

Provincial Center for Disease Control and Prevention, and written informed consent was 

obtained from each participant before enrollment. 

Statistical Analysis 
The characteristics of participants were described using mean (standard deviation, SD) for 

continuous variables and percentage (%) for categorical variables. Differences in the 

characteristics between participants with and without cognitive impairment in the follow up 

were examined by T-tests for continuous variables and Chi-square tests for categorical 

variables. The average level of air pollution exposure over three years of 2013-2015 was used 

as baseline exposure concentration, and differences in each pollutants and AQI between 

participants with and without cognitive impairment were tested by T-tests.  

We employed multilevel binary logistic regression models to calculate odds ratio (OR) 

and its 95% confidence intervals (CIs) of cognitive impairment in relation to each pollutant and 

AQI. We analyzed data of air pollution as continuous variables first, as other studies did.[18] 

Then we divided participants into three groups at low, middle and high levels of air pollutant 

exposure for categorical data analysis of air pollution. The three levels of air pollutants were 

determined based on the data of tertiles, some of which were around the criteria for “good, 

moderate and worsen” air quality in China and in USA [19]. In the models we adjusted for age, 

sex, education, economic status, body mass index (BMI), smoking, drinking, exercise, 

vegetable consumption, fish/shrimp consumption, hypertension, hyperlipidemia, diabetes and 

Parkinson’s diseases. We carried out a sensitivity analysis to  investigate the association of 

exposure to air pollutants with severe cognitive impairment in the follow-up. We defined severe 

cognitive impairment using a lower cut-off point, i.e. 13/14 for illiteracy, 16/17 for people with 

primary education level, 20/21 for people with higher than primary education level. All analyses 
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were performed using SAS software version 9.4.  

 

Results 
Of 7,311 participants, the average age was 68.6 years (SD 6.9), 51.3% were men, 48.1% were 

illiterate, 67.8% currently smoked, 26.9% drank alcohol, 43.1% consumed fish/shrimp at ≥ 3 

days per week, 19.1% did exercise, 19.0% had BMI ≥ 26, 45.0% had hypertension and 8.7% 

had diabetes. Table 1 shows details of these and other characteristics distribution.  

Over a two years follow-up, 1,652 participants developed incident cognitive 

impairment, of which 917 were severe cases. Compared to those without cognitive impairment, 

participant with cognitive impairment were more likely to be older, male, illiterate, low income, 

underweight, currently smoking, not drinking alcohol, low level of fish/shrimp consumption, 

low level of doing exercise, low consumption of fish/shrimp and high level of hyperlipidemia. 

There were no significant differences in vegetable consumption, hypertension, diabetes and 

Parkinson’s disease between participants with and without cognitive impairment (Table 1). 

Table 2 shows the differences in concentrations of six pollutants between participants 

with and without cognitive impairment. Participants with cognitive impairment had 

significantly increased baseline exposure to PM2.5, PM10, and SO2, but slightly reduced CO 

and O3 exposure. There were no differences in exposure to NO2 between two groups. Level of 

AQI was significantly higher in participants with cognitive impairment.  

A 5% risk of cognitive impairment was increased with a rise of per μg/m3 in PM2.5 

(Table 3), in analysis with adjustment for age and sex (model 1) and further for 

socioeconomic status (model 2).  With adjustment for more confounders including lifestyles 

(model 3) and co-morbidities (model 4), these adjusted ORs remained significant and the 

magnitude of increased risk of  cognitive impairment was slightly reduced. There were similar 

patterns of increased ORs in SO2 to those in PM2.5. A 3% risk of cognitive impairment was 

increased with a rise of per μg/m3 in PM10, which was observed consistently across different 
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confounding adjustments and was significant in model 4. NO2, CO, O3 and AQI were not 

significantly associated with cognitive impairment (Table 3).  

Table 4 shows numbers, rate and adjusted ORs of cognitive impairment and severe case 

of cognitive impairment among participants with three levels of air pollution exposure. The rate 

of cognitive impairment was significantly increased in older people with level 3 exposure to 

PM2.5, PM10, SO2 and AOI, and level 2 exposure to NO2 and CO compared to level 1, but 

reduced with level 2exposure to O3. Multivariate adjusted analysis revealed that the aOR for 

cognitive impairment had increased with PM2.5 (level 3), PM10 (level 3), CO (level 2) and AQI 

(levels 2 and 3), but reduced with O3 (levels 2 and 3, not in trend) compared to their level 1 

exposure. There were no significant ORs in SO2 and NO2 (Table 4).  

Data of severe cognitive impairment showed similar but stronger associations than those 

in cognitive impairment, except for no significant OR in level 3 exposure to O3 (Table 4).  

 

 

 

 

Discussion 
Our large cohort study of ZJMPHS examined the association of six air pollutants and AQI with 

the risk of incident cognitive impairment and severe cognitive impairment among older people 

in China. The results revealed that AQI was a positive predictor of cognitive impairment in 

older Chinese. The risk of cognitive impairment was significantly increased with high level 

exposure to PM2.5, PM10, CO and SO2, but not with NO2 exposure, after accounting for 

important confounders. The O3 exposure could be inversely associated with cognitive 

impairment. The patterns of these associations were stronger in severe cognitive impairment.  

Previous studies of the association between air pollution and cognitive impairment in 

older people were undertaken in high income countries and regions and showed inconsistent 
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findings. [7-9] Analysing the data of a cross-sectional study  of 4,084 adults aged 50-80 years in 

Germany, Tzivian et al [7] found that an interquartile range increase in PM2.5 was associated 

with overall cognitive impairment (aOR: 1.16, 95%CI 1.05-1.27), but not significantly in 

PM10 (1.11, 0.99-1.23), NO (1.10, 0.97-1.25) and NOx (1.10, 0.96-1.26).  Lo and colleagues 

[8] carried out a cohort study of 2,241 elderly participants aged 65-80 years and found that the 

risk of cognitive impairment  increased with exposure to PM10 (aOR: 1.09, 1.02-1.17) and to 

O3 (1.88, 1.36-2.56). However, other studies reported that there was no association of 

exposure to PM10 or O3 with cognitive decline. Gatto et al [9] carried out a cross-sectional 

study of investigating the association of exposure to PM2.5, NO2 and O3 with six measures of 

cognitive functions and global cognition in 1496 cognitively intact elders in Los Angeles 

Basin. They found that none of those air pollutants were significantly associated with global 

cognition, but PM2.5 was associated with lower verbal learning, NO2 >20 parts per billion 

(ppb) tended to be associated with lower logical memory, and exposure to O3 above 49 ppb 

was associated with lower executive function. The discrepancies of the associations between 

exposure to air pollution and cognitive impairment among these studies might be related to 

various characteristics within the study population, study design, sample size, and different 

measurements of exposure and outcomes. It has been noted that the inverse association 

between O3 exposure and risk of cognitive impairment in our study was different from these 

in previous studies above [8, 9] but similar to those in other studies [10]. The impact of O3 on 

cognitive impairment may be associated with its exposure level [9, 10]. Compared to higher 

levels, lower levels of O3 were more likely to be associated with increased risk of cognitive 

impairment [29]. There is need of further research to explore the association of air pollutant O3 

exposure with cognitive impairment and its interaction effect with other air pollutants on 

cognitive impairment in older people.  As far as we know, only one study has investigated the 

association of all six air pollutants with cognitive impairment in older people [6]. Analyzing 
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the data of 2,896 participants aged 70 to 84 years from the Korean Frailty and Aging cohort 

study, Shin et al [6] found that the risk of cognitive impairment, which was defined by the 

Korean version of MMSE, was increased with high level exposure to PM2.5, PM10, NO2, O3 

and CO exposure, but not SO2. They also observed that the associations varied when the data 

of air pollution exposure was categorized into 4 levels for analysis. The inconsistent findings 

of the risk of cognitive impairment among different levels of air pollutants may be related to 

the sample size in each level of air pollutants and confounding factors for adjustment [20, 21]. 

None of previous studies have adjusted enough and important confounders [6-10], such as 

consumption of fish, and thus they could not entirely exclude the residual effect of air 

pollution on cognitive impairment.  

 Fewer studies have examined the association of AQI with cognitive impairment in 

older people. In this study, we found that older people with AQI  level 2 and 3 versus level 1 

had significantly increased risk of cognitive impairment (2.49 and 1.67),  and of severe 

cognitive impairment (2.26 and 2.16). Recently Zhang et al [20] has published a paper by using 

data of young and middle age population from the China Family Panel studies, to show a 

significant association of AQI with cognitive performance. The finding was similar to ours, 

although they calculated AQI in a slightly different method from our study. AQI is used by 

government agencies to the public how polluted the air currently is, which is not represent of 

the air pollutants that caused the main health impact. In our study, the average levels of AQI 

and six pollutants exposure were lower than that the threshold of ‘moderate’ according to 

Chinese Ambient Air Quality Standard (GB 3095-2012) except PM2.5. Although the air 

quality in the participants’ living areas could be acceptable, we still found that relatively 

higher levels of air pollutants PM2.5, PM10, CO, and SO2 were associated with the risk of 

cognitive impairment, particularly severe impairment. The findings of the stronger 
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associations between air pollution exposure and severe cognitive impairment may suggest 

their cause-effect relationship and etiological role of air pollution in cognitive impairment.  

 The impact of air pollution on cognitive impairment could be explained from 

biological perspectives, which are similar to those in dementia [22]. There is evidence that dogs 

which were exposed to air pollution had neuro-inflammation, an altered brain innate immune 

response, and increased brain accumulation of beta-amyloid, which is a hallmark of 

dementia.[23]  An experimental study of rats which were exposed to diesel exhaust by 

inhalation over 4 weeks or a single intratracheal administration of diesel exhaust particles 

showed that diesel exhaust caused microglial activation and up-regulation of oxidative stress, 

pattern recognition receptor, neurotoxic cytokines, and chemokines in the rat brain, all of 

which may be particularly relevant to the development of dementia.[24]  Power MC et al [25]  

examined the association between brain MRI findings and particulate matters exposures 

approximately 5 to 20 years prior to MRI, and found that higher long-term past particulate 

matters exposure were associated with smaller deep-gray volumes, which may be relevant to 

the etiology of dementia.[25] Recently we have made a proposal that episodic release of 

biologic microparticles from pollution-induced lung inflammation would cause secondary 

inflammation in the blood-brain barrier and cerebral microbleeds, culminating over time in 

cognitive impairment.[26] Different composition and levels of air pollutants may have different 

mechanisms, thus more research should be carried out to understand the underlying 

mechanism of different composition and levels of air pollutants. 

 Implications 
 Our findings have important public health implications. As a prodrome to formal 

dementia, cognitive impairment represents of a large group of at risk people with forecasted 

high expenditures and care needs in the future, particularly in LMICs. Whilst there is 

evidence that higher levels of air pollutants are associated with faster cognitive decline, the 

impact of air pollution on cognitive impairment in old population is not well understood. Our 
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findings from 7,311 older people demonstrated that increased levels of PM2.5, PM10, and CO 

as well as AQI were significantly associated with cognitive impairment. Although the 

concentrations of these air pollutants were relatively lower than the national average since the 

participants lived in the suburban or rural areas in China (except for PM2.5 
[18]), their dose-

response relationship appeared to exist. All these have suggested that there is no absolute safe 

threshold of air pollution on cognitive impairment.  During the past decade, a tangible 

improvement in air quality was noted in China with the government’s efforts. A recent study 

suggested that the mean value of annual average PM2.5 concentrations in 74 key cities fell 

from 72.2ug/m3 in 2013 to 47.0ug/m3 in 2017 [27]. However, the findings from our study 

suggested that air pollution, particularly PM2.5 concentrations should be further controlled for 

lowering exposure in order to reduce its impact on cognitive impairment in older people.  

Strength and limitation 
Our study is the first to assess the impact of air quality index and six air pollutants on 

cognitive impairment in older people, with accounting for consumptions of fish/shrimp and 

vegetables which are associated with cognitive function [21].  It has presented the full picture 

of the association between air pollution and cognitive impairment in older people and 

minimized the residual effect of the association. This perspective cohort study included the 

participants from rural and suburban areas in China, where there were lower levels of air 

pollution, offering an opportunity to examine “safe threshold” for cognitive impairment. 

Further examining the severe cognitive impairment has helped better understand the 

etiological role of air pollution and cognitive impairment in older people.  

The study has some limitations. First, our study participants were only from Zhejiang 

province, and most of them live in rural and suburban areas. Thus, the findings of the study 

may not be representative for the whole of China. More studies are required to assess the 

impact of air pollution on cognitive impairment in older people, particularly from urban areas 

in China.  Second, the annual average level of air pollution in each of the six study sites was 
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assigned to the cohort participants who lived in the county, ie, the area-level air pollution 

concentration was used for analysis. This could lead to imprecision in estimating air pollutant 

exposure for each individual of participants, making our hypothesis towards the null 

association of air pollutant with cognitive impairment. In future, measurement of individual 

personal exposure to air pollution for all participants , including the distance between their 

residential address and major roadways (kilometres) (which is an approximate exposure to air 

pollution) will strenghthen analyses[18].  Third, although we adjusted for many potential 

confounders, we have not accounted for genetic factors and their residual effect on the 

association of air pollution with cognitive impairment could not be excluded.  A new study 

should be undertaken to investigate its residual effect and also interaction effect with air 

pollution on cognitive impairment. Fourth, our cohort was followed up for two years, and 

caution must be given to draw a causal association between air pollution exposure and the risk 

of cognitive impairment given the modest follow up period. A longer time follow-up cohort 

study is required to examine the long-term effect of air pollution on cognitive impairment in 

older people.  

 

Conclusion 
For the first time, in this prospective cohort in mainland of China we have reported 

significant associations of AQI, PM2.5, PM10 and SO2 with an increased risk of cognitive 

impairment in older people. The risk was significantly increased with middle-level exposure 

to CO compared to low level exposure, but decreased with O3 exposure. The associations of 

six air pollutants and overall air quality with severe cognitive impairment were stronger than 

with cognitive impairment. Making air clean and lowering levels of PM2.5, PM10, SO2 and CO 

would reduce the risk of cognitive impairment in older people. Strategies to target most 

important air pollutants should be an integral component of cognitive impairment intervention 

in older people.  
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Table 1.  Basic characteristics of participants in the ZJMPHS cohort study, China 

 

  Total   Cognitive Impairment   

Variable  Participants  No   Yes   

   N (%)  (n=5659)  (n=1652)  P 

         

Age (sd)  68.6 (6.9)  67.7 (6.5)  71.7 (7.6)  <0.001 

Sex (%)         

  Men  3680 (51.3)  2684 (47.4)  996 (60.3)  <0.001 

  Women  3631 (49.7)  2975 (52.6)  656 (39.7)   

Socioeconomic 

status  

        

  Illiteracy (%)  3517 (48.1)  2476 (43.8)  1041 (63.0)  <0.001 

Financial situation         

  Poor  773 (10.6)  547 (9.7)  226 (13.7)  <0.001 

  Median  5779 (79.1)  4473 (79.0)  1306 (79.1)   

  Rich  759 (10.4)  639 (11.3)  120 (7.3)   

Smoking status (%)         

Current smokers  4959 (67.8)  3745 (66.2)  1214 (73.5)  <0.001 

Ex-smokers  1639 (22.4)  1340 (23.7)  299 (18.1)   

Never smokers  713 (9.8)  574 (10.1)  139 (8.4)   

Alcohol Drinking 

(%)  

 

   

 

 

 

Current drinkers   1968 (26.9)  1600 (28.3)  368 (22.3)  <0.001 

Ex-drinkers  618 (8.5)  475 (8.4)  143 (8.7)   
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Never drinkers  4725 (64.6)  3584 (63.3)  1141 (69.1)   

Consumption of 

Fish/shrimp  

        

  ≥ 3 days per week 

(%) 

 3154 (43.1)  2529 (44.7)  625 (37.8)  <0.001 

Consumption 

Vegetable  

        

  ≥ 3 days per week 

(%) 

 7131 (97.5)  5522 (97.6)  1609 (97.4)  0.675 

         

Do exercise (%)  1399 (19.1)  1142 (20.2)  257 (15.6)  <0.001 

Body mass index 

(kg/m2) @1  

        

  <20  1033 (14.1)  731 (12.9)  302 (18.3)  <0.001 

  20-<23  2777 (38.0)  2118 (37.4)  659 (39.9)   

  23-<26  2114 (28.9)  1705 (30.1)  409 (24.8)   

  ≥ 26  1387 (19.0)  1105 (19.5)  282 (17.1)   

Co-morbidities          

  Hyperlipidemia (%)  381 (5.2)  326 (5.8)  55 (3.3)  <0.001 

  Hypertension (%)  3296 (45.1)  2524 (44.6)   772 (46.7)  0.126 

  Diabetes@2 (%)  637 (8.7)  501 (8.9)  136 (8.2)  0.431 

 Parkinson’s disease 

(%)  

13 (0.2) 

 8 (0.1)  

5 (0.3) 

 

0.185# 

         

# Fisher exact test.  
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@1 Chinese cut-off BMI 
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Table 2.  Concentrations  of six air pollutants and AQI between older people  with and 

without cognitive impairment in China: the ZJMPHS cohort study 

 

  Cognitive Impairment   

Air pollutant   No   Yes   

and AOI  (n=5659)  (n=1652)  P 

       

PM2.5 (sd)  52.9 (6.6)  54.6 (6.6)  <0.001 

PM10 (sd)  78.6 (9.0)  80.5 (9.3)  <0.001 

SO2 (sd)  21.8 (7.4)  23.7 (7.8)  <0.001 

NO2 (sd)  38.2 (7.5)  38.5 (7.7)  0.164 

CO (sd)  0.859 (0.068)   0.855 (0.058)  0.042 

O3 (sd)  95.2 (6.9)  94.5 (7.2)  0.001 

AQI (sd)  83.5 (8.9)  84.9 (8.8)  <0.001 
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Table 3. Associations of six air pollutants and AQI with cognitive impairment in older 

people in China: the ZJMPHS cohort study 

 

 Adjusted variables OR 95% CI P 

     

PM2.5 Model 1 1.05 1.01-1.09 0.018 

 Model 2 1.05 1.01-1.09 0.021 

 Model 3 1.04 1.001-1.08 0.046 

 Model 4 1.04 1.01-1.08 0.027 

     

PM10 Model 1 1.03 0.996-1.06 0.060 

 Model 2 1.03 0.997-1.06 0.082 

 Model 3 1.03 0.998-1.06 0.072 

 Model 4 1.03 1.001-1.06 0.045 

     

SO2 Model 1 1.05 1.01-1.08 0.015 

 Model 2 1.04 1.01-1.08 0.012 

 Model 3 1.04 1.01-1.08 0.019 

 Model 4 1.04 1.01-1.08 0.016 

     

NO2 Model 1 1.01 0.96-1.06 0.811 

 Model 2 1.01 0.96-1.06 0.820 

 Model 3 1.00 0.96-1.05 0.945 
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 Model 4 1.01 0.96-1.06 0.737 

     

CO (per 

0.1 mg/m3 

increment) 

Model 1 0.91 0.55-1.53 0.729 

Model 2 0.94 0.57-1.54 0.798 

Model 3 1.03 0.64-1.65 0.919 

Model 4 1.04 0.65-1.67 0.867 

    

O3 Model 1 0.98 0.93-1.04 0.559 

 Model 2 0.98 0.93-1.03 0.464 

 Model 3 0.97 0.93-1.02 0.290 

 Model 4 0.98 0.93-1.03 0.342 

     

AQI Model 1 1.03 0.99-1.07 0.176 

 Model 2 1.02 0.99-1.06 0.207 

 Model 3 1.02 0.98-1.05 0.424 

 Model 4 1.02 0.98-1.05 0.310 

Model 1: adjusted for age, sex. 

Model 2: adjusted for age, sex, education, economic status. 

Model 3: adjusted for age, sex, education, economic status, BMI (category), smoking, drinking, 

exercise, vegetable consumption, fish/shrimp consumption. 

Model 4: adjusted for age, sex, education, economic status, BMI (category), smoking, drinking, 

exercise, vegetable consumption, fish/shrimp consumption, hypertension, hyperlipidemia, 

diabetes, Parkinson’s disease. 
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Table 4. Number, rate and odds ratio of cognitive impairment in older people with three levels of air pollution in China: the ZJMPHS 

cohort study 

 

Air  
Total   

Participants with cognitive impairment (n=1652)  
 Participants with severe cognitive impairment 

(n=917)  

pollutant 
participant   Nos 

Case 

Rate 

%* 
 

OR 95% CI P   Nos 

Case 

Rate %

* 
 

OR 95% CI P 

PM2.5                

Level 1 (<=50)  3423  599 17.5  1.00    316 9.2  1.00   

Level 2 (>50-60) 2708  693 25.6  1.77 1.10-2.85 0.019  368 13.6  2.01 1.31-3.09 0.001 

Level 3 (>60) 1180  360 30.5  2.22 1.22-4.04 0.009  233 19.7  2.77 1.64-4.69 <0.001 

PM10                 

Level 1 (<=70)  928  178 19.2  1.00    91 9.8  1.00   

Level 2 (>70-80) 2495  421 16.9  0.98 0.50-1.92 0.943  225 9.0  0.98 0.51-1.91 0.963 

Level 3 (>80) 3888  1053 27.1  1.88 1.00-3.53 0.0495  601 15.5  2.20 1.20-4.03 0.011 
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SO2                 

Level 1 (<=15)  1344  287 21.4  1.00    169 12.6  1.00   

Level 2 (>15-25) 2079  312 15.0  0.62 0.35-1.09 0.098  147 7.1  0.54 0.34-0.84 0.007 

Level 3 (>25) 3888  1053 27.1  1.37 0.80-2.34 0.247  601 15.5  1.50 1.00-2.45 0.0497 

NO2                 

Level 1 (<=30)  1344  287 21.4  1.00    169 12.6  1.00   

Level 2 (>30-40) 2100  530 25.2  1.29 0.47-3.54 0.618  258 12.3  1.03 0.31-3.35 0.966 

Level 3 (>40) 3867  835 21.6  1.03 0.40-2.65 0.955  490 12.7  1.00 0.33-3.06 0.995 

CO                 

Level 1 (<=0.8) 928  178 19.2  1.00    91 9.8  1.00   

Level 2 (>0.8-0.9) 5232  1340 25.6  1.76 1.02-3.03 0.043  770 14.7  2.09 1.32-3.31 0.002 

Level 3 (>0.9) 1151  134 11.6  0.72 0.36-1.45 0.357  56 4.9  0.65 0.35-1.21 0.172 

O3                

Level 1 (<=90) 2352  712 30.3  1.00    400 17.0  1.00   

Level 2 (>90-100) 3423  599 17.5  0.43 0.32-0.58 <0.001  316 9.2  0.40 0.26-0.59 <0.001 

Level 3 (>100) 1536  341 22.2  0.53 0.36-0.79 0.002  201 13.1  0.70 0.41-1.19 0.183 
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AQI                 

Level 1 (<=80)  3423  599 17.5  1.00    316 9.2  1.00   

Level 2 (>80-90) 1172  352 30.0  2.49 1.45-4.28 0.001  167 14.2  2.26 1.25-4.11 0.007 

Level 3 (>90) 2716  701 25.8  1.67 1.09-2.57 0.019  434 16.0  2.16 1.35-3.45 0.001 

All Chi-square tests showed p<0.01 
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