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Background and Objectives: Studies that investigate the links between particulate matter ≤2. 5 μm (PM2.5) and hypertension among the elderly population, especially those including aged over 80 years, are limited. Therefore, we aimed to examine the association between PM2.5 exposure and the risk of hypertension incidence among Chinese elderly.

Methods: This prospective cohort study used 2008, 2011, 2014, and 2018 wave data from a public database, the Chinese Longitudinal Healthy Longevity Survey, a national survey investigating the health of those aged over 65 years in China. We enrolled cohort participants who were free of hypertension at baseline (2008) from 706 counties (districts) and followed up in the 2011, 2014, and 2018 survey waves. The annual PM2.5 concentration of 706 counties (districts) units was derived from the Atmospheric Composition Analysis Group database as the exposure variable, and exposure to PM2.5 was defined as 1-year average of PM2.5 concentration before hypertension event occurrence or last interview (only for censoring). A Cox proportional hazards model with penalized spline was used to examine the non-linear association between PM2.5 concentration and hypertension risk. A random-effects Cox proportional hazards model was built to explore the relationship between each 1 μg/m3, 10 μg/m3 and quartile increment in PM2.5 concentration and hypertension incidence after adjusting for confounding variables. The modification effects of the different characteristics of the respondents were also explored.

Results: A total of 7,432 participants aged 65–116 years were enrolled at baseline. The median of PM2.5 exposure concentration of all the participants was 52.7 (inter-quartile range, IQR = 29.1) μg/m3. Overall, the non-linear association between PM2.5 and hypertension incidence risk indicated that there was no safe threshold for PM2.5 exposure. The higher PM2.5 exposure, the greater risk for hypertension incidence. Each 1 μg/m3 [adjusted hazard ratio (AHR): 1.01; 95% CI: 1.01–1.02] and 10 μg/m3 (AHR: 1.12; 95% CI: 1.09–1.16) increments in PM2.5, were associated with the incidence of hypertension after adjusting for potential confounding variables. Compared to first quartile (Q1) exposure, the adjusted HRs of hypertension incidence for the Q2, Q3 and Q4 exposure of PM2.5 were 1.31 (95% CI: 1.13–1.51), 1.35 (95% CI: 1.15–1.60), and 1.83 (95% CI: 1.53–2.17), respectively. The effects appear to be stronger among those without a pension, living in a rural setting, and located in central/western regions.

Conclusion: We found no safe threshold for PM2.5 exposure related to hypertension risk, and more rigorous approaches for PM2.5 control were needed. The elderly without a pension, living in rural and setting in the central/western regions may be more vulnerable to the effects of PM2.5 exposure.
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INTRODUCTION

Hypertension is the most prevalent chronic disease among the elderly (1) and has led to adverse cardiovascular diseases (CVDs), such as hypertensive heart disease and stroke, and even death (2). Worldwide, as the elderly population continues to grow, the disease burden attributed to hypertension and its complications are increasing (3, 4) so it is imperative to identify risk factors for hypertension and promote prevention among the elderly.

In addition to well-established associations with lifestyle and heredity, it is thought that environmental pollutants also contribute to the occurrence of hypertension (5, 6). In particular, the inhalation of air containing fine particulate matter (PM), especially sizes ≤2.5 um (PM2.5) has been reported as a probable antecedent driver of the increase in blood pressure and incidence of hypertension (7–12). Overall, although the association between PM2.5 exposure and hypertension has been reported in several studies, gaps in knowledge remain. For example, elderly people may be more susceptible to PM2.5, due to higher rates of CVDs and given the decline in organ function associated with age (13, 14). However, relevant studies rarely focus on the elderly, especially those aged over 80 years (15–19).

Furthermore, inconsistent results have been reported in previous studies. For instance, based on a cross-sectional study involving 27,752 Taipei City residents (mean age 74.8 years), Chen et al. found that PM2.5 exposure was not significant associated with diastolic blood pressure (DBP) and none of the air pollutants were associated with changes in systolic blood pressure (SBP) (16). In addition, cross-sectional study designs and small-scale sample sizes limit the generalizability of the results to the elderly population (17, 19–21).

Lastly, many studies have been conducted in regions and countries, such as Taiwan and the USA (16, 21), with good air quality defined by PM2.5 concentrations lower than the World Health Organization recommendations (10 μg/m3). It has been suggested that the conclusions drawn from studies conducted in other regions might not be suitable for generalization to China (11, 22). China has some of the heaviest air pollution in the world with an average annual population-weighted PM2.5 exposure of 52.7 μg/m3 in 2017 (23). More importantly, PM2.5 has been proven to be a modifiable factor that contributes to cardiovascular morbidity and mortality (24). Thus, considering the research gaps and public health significance, it is necessary to study and verify the effects of PM2.5 on hypertension among the elderly to provide more effective interventions for the elderly and medical resource allocation.

In the present prospective cohort study based on the national representative Chinese Longitudinal Healthy Longevity Survey (CLHLS), we aimed to examine the association between PM2.5 exposure and the risk of hypertension incidence among Chinese elderly. Secondarily, we aimed to further explore the modifying effects of PM2.5 exposure on hypertension incidence and identify vulnerable sub-populations.



MATERIALS AND METHODS


Study Population

This was a prospective cohort study that selected data from the 2008, 2011, 2014, and 2018 waves of the CLHLS. The CLHLS is a nationwide survey that covers 23 of 31 provinces, municipalities, and autonomous regions in mainland China (the remaining provinces are not surveyed because of their low level of population density), which includes 85% of the total population of the country (25). The CLHLS was established in 1998 with enrollment of the elderly population (aged 65 years and older) and traced them in 1998, 2000, 2002, 2005, 2008, 2011, and 2018. In the 2008 wave, the CLHLS added data collection on individuals' community-level information, including economic development, the natural environment, and environmental pollution. The CLHLS study was approved by the Institutional Review Board of the Duke University Health System and all participants sign an informed consent form. A detailed introduction to the CLHLS has been published previously (26).

The cohort for the present study was derived from 10 years of follow-up (2008–2018) from the 2008 baseline when the availability of county (district) unit level address information became available. The cohort comprised 7,432 participants from 706 county (district) units aged 65–116 years. The participants were all free of hypertension (normal blood pressure at the time of the survey and self-reported as not being diagnosed with hypertension by a physician) and had complete demographic characteristic information at baseline in 2008. They were interviewed in 2011, 2014, and 2018. A flow chart of the study population selection is shown in Figure 1. The follow-up duration was reported as person-years calculated by using days divided by 365 from the date of study enrollment to the date of last interview, death, or hypertension incidence (whichever came first). The outcome of the event was considered as the occurrence of hypertension, while other conditions such as death, lost follow-up, and not been identified as hypertension were censored data.


[image: Figure 1]
FIGURE 1. The flow chart of study population selection.




Assessment of Hypertension

As part of the CLHLS study, blood pressure values for each participant were collected by trained investigators using a mercurial sphygmomanometer (upper arm type; Yuyue, Jiangsu, China) at baseline and at every follow-up interview. Their blood pressure was measured two times after a five or more min rest period. Specifically, for bedbound participants, blood pressure measurements were obtained in a recumbent position. SBP and DBP values were calculated as the average of two repeated measurements. According to the Chinese Guidelines for Prevention and Treatment of Hypertension (27), we defined hypertension by an SBP ≥ 140 mmHg, DBP ≥ 90 mmHg, or normal blood pressure with a self-reported hypertension diagnoses previously made by a grade II or III hospital. The definition of hypertension was supported by prior study using same database (28).



Assessment of PM2.5 Exposure

Due to the privacy protection, the information of participant's home address was deleted in the CLHLS. Thus, we identified the 706 residence name [i.e., county (district) from community environment questionnaire in this study], detailed strategy was published in a prior study (29). The annual average residential PM2.5 concentration from 706 residential county (district) units of the 7,432 participants was collected through an open database built by the Atmospheric Composition Analysis Group from the University of Washington (https://sites.wustl.edu/acag/) (30). The database collects ground-level PM2.5 measurements were obtained from http://beijingair.sinaapp.com/ over mainland China. These data are captured by individuals from instantaneous data records on the website of the Chinese EPA. The PM2.5 was evaluated from satellite observations with 0.01 spatial resolution (1.1 × 1.1 km). The resultant PM2.5 estimates were highly convergent (R2 = 0.81) with out-of-sample cross-validated PM2.5 concentrations from monitors (31). This database has been widely used in previous studies (22, 32).

Referring to prior studies (33, 34), the PM2.5 exposure was defined as 1-year average before the hypertension event occurrence or the last interview (only for censored data). This exposure time was selected because it has the strongest hazard risk for hypertension (Supplementary Table 1). In our study, only 116 (1.5%) of participants moved to another address (county/distrust level), which was similar to prior study (22). Thus, we hypothesized that the PM2.5 exposure of the population was stable, we also performed sensitivity analysis through excluding participants who changed address (Supplementary Table 3).



Potential Confounding Variables

According to previous studies, several demographic, lifestyle, and health status variables at baseline were considered potential confounding factors and adjusted for, including sex (male or female), residence (rural or urban areas), age (65–80 or >80 years), regions (eastern China or central/western China), living arrangement, pension (yes or no), educational attainment (0 or >0 years), marital status (separated/divorced/never married, widowed, or married), body mass index (BMI) (<18.5, 18.5–23.9, or >23.9), smoking at the present (yes or no), drinking at the present (yes or no), exercising at the present (yes or no), history of diabetes (yes or no), heart disease (yes or no) and function disability. Among them, function disability was measured by Activities of daily living (ADL) scale (35). The scale has six items including the fundamental skills: bathing, dressing, eating, toileting, continence, and transferring. If a respondent is able to perform an activity, he/she gets score 1, and if he/she is limited to do and unable to do so, will get score 2 and 3, respectively. The more scores of the individual, indicates poor ADL ability. According to the cutoff value (six points), the function disability was set as binary variable in the analysis (yes or no).

The per capita gross domestic product (GDP) (≥median or <median) and proportion of secondary industry (≥median or <median) in the city level at baseline were also considered as confounding variables in the analysis.



Statistics Analysis

A descriptive analysis was conducted for all the variables. Continuous variables are expressed as mean (±SD) or median (interquartile range). Categorical variables are reported as numbers and percentages. We conducted a statistical map to describe the spatial distribution of PM2.5 concentration in 706 (counties or districts) unit-level residences at baseline. To identify the potential linear or non-linear relationship between PM2.5 exposure and hazard ratios (HRs) of hypertension incidence, we built a Cox proportional hazards model with penalized splines and different degrees of freedom based on the minimum value of Akakai information criteria (AIC) to visualize the exposure-response relationship between PM2.5 and hypertension. Because the multiple-level structure of CLHLS showed the clustering of participants at the study level (counties or districts) units, we used a random-effects Cox proportional hazards model for the clustering level to explore the relationship between PM2.5 exposure and hypertension incidence among the elderly. We classified PM2.5 concentration in increments of 1 and 10 μg/m3. The estimation of the risk of hypertension incidence based on 1 and 10 μg/m3 increments in PM2.5 concentration were conducted using the random-effects Cox proportional hazards model with PM2.5 exposure as a continuous variable. According to quartiles, PM2.5 was categorized into four groups (Q1: ≤ P25, Q2: (P25-P50], Q3: (P50-P75], and Q4: >P75), and the first group (Q1) was coded as a reference to examine the association between exposure and hypertension incidence. The crude model only included the PM2.5 variable. Model 1 further added age, sex, educational attainment, pension, living arrangement, marital status, regions, residence, smoking at the present, BMI, drinking at present, exercising at the present, self-reported diabetes, function disability, GDP per capita, the proportion of secondary industry and heart disease. Analysis was also performed to examine the linear trend between the PM2.5 quartile and hypertension incidence. The HRs and 95% confidence intervals (CIs) were calculated to evaluate the effects of PM2.5 exposure on hypertension after adjusting for potential variables.

We also conducted subgroup analysis to evaluate whether the effect of PM2.5 exposure on hypertension incidence differed by sex, age, educational attainment, living arrangement, residence, pension, marital status, regions, smoking at the present, drinking alcohol at the present, exercising at the present, BMI, self-reported diabetes, function disability, GDP per capita, the proportion of secondary industry and heart disease after adjusting for related covariates. Referring to a prior study (36), a 2-sample test for assessing statistically significant differences in the estimated HR within each subgroup was performed using the point estimate and standard error (SE) in this study (see Formula ①).
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In the equation, Q1 and Q2 are the estimated hazard ratios for each stratum, respectively. SE1 and SE2 are the standard errors for each stratum, respectively.

The map of China was derived from National Geomatics Center of China (http://www.ngcc.cn/ngcc/), the statistics map was generated by ArcGIS Geospatial Analyst module v10.6 (ESRI, Redlands, CA, USA). All analyses were performed using R statistical software (R 4.0.5, R Foundation for Statistical Computing, Vienna, Austria). A two-sided P-value < 0.05 was used to assess statistical significance.




RESULTS

At baseline, 7,432 participants were enrolled in the study. During the 10-year follow-up, the total number of person-years was 24,222 and the incidence of hypertension was 8.5 per 100 person-years. The demographic characteristics, lifestyles, and health status of the participants from the CLHLS at baseline are presented in Table 1. The mean age of the participants was 87.7 (±11.5) years. Of the elderly, 56.4% were female and 62.6% were uneducated. Over half of them had no pension. Of the participants, 80.8% lived in rural areas and 83.7% lived with family members. More participants came from western/central China than from eastern China. A total of 17.6 and 18.4% of them had smoking and drinking habits, respectively. A total of 27.4% of the participants reported that they had a habit of exercising at the present. Only 1.7% and 5.8% of the patients reported having diabetes and heart disease, respectively. A total of 52.7% of the participants had a BMI between 18.5 and 23.9. Most of them without function disability. In our study, the range of PM2.5 exposure was from 3.8 to 134.8 μg/m3. The median 1-year averages were PM2.5 = 52.7, P25 = 41.1 μg/m3, and P75 = 70.1 μg/m3.


Table 1. The demographic characteristics of the participants from the CLHLS at baseline (n = 7,432). Data are number (%) of participants except PM 2.5 concentration [median (IQR)].
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The distribution of residential PM2.5 exposure of the 706 counties (districts) units at baseline is shown by a statistical map (Figure 2). The geographical distribution of PM2.5 concentration was higher in the north than the south, and higher inland than the coastal areas. In addition, the areas with high PM2.5 concentrations (>61 μg/m3) included the Sichuan Basin, Beijing-Tianjin-Hebei region, Shandong province, Hunan province, and Hubei province.


[image: Figure 2]
FIGURE 2. Statistic map presenting the residential PM2.5 exposure in 706 counties (districts) units of China at baseline for 7,432 elderly from the CLHLS.


The Cox proportional hazards model with 4 degrees of freedom (the minimum AIC value) showed that there was a non-linear association between PM2.5 exposure and hypertension with 3.8 μg/m3 as the reference group since it was the lowest concentration of PM2.5 exposure (Figure 3). We observed strong evidence of linearity at concentrations below 50.1 μg/m3 and a stable increase in hazard risk between concentrations of 50.1 and 60.1 μg/m3. A steeper slope was found at 60.1 μg/m3 concentration and higher. Specifically, the hypertension risk was minor decreased over 107.6 μg/m3, but the effect was negligible because very little sample (accounting for 0.2% of total sample) over this value.


[image: Figure 3]
FIGURE 3. The nonlinear relationship between a 10 μg/m3 increase in PM2.5 exposure and hypertension based on Cox proportional hazards model with penalized splines of 4 degree of freedom (P for non-linear association was 0.008 and the non-linear relationship as reference = 3.80 μg/m3) adjusted for age, gender, education attainment, pension, living arrangement, marital status, regions, residence, smoking at the present, drinking at the present, exercising at the present, BMI index, self-reported diabetes, function disability, GDP per capita, the proportion of secondary industry and heart disease.


The incidence of hypertension in the first quartile, Q2, Q3, and Q4 were 9.3, 8.8, 7.3, and 8.5 per 100 person-years, respectively (Table 2). The results of the effects of PM2.5 exposure and hypertension incidence using a random-effects Cox proportional hazards model are presented in Table 3. Adjusting for potential confounding variables such as age, sex, educational attainment, and pension et al., we found that a 1 μg/m3 increment in PM2.5 concentration was associated with hypertension incidence [adjusted HR (AHR): 1.01, 95% CI: 1.01–1.02] and per 10 μg/m3 increment in PM2.5, the concentration was associated with hypertension incidence (AHR: 1.12; 95% CI: 1.09–1.16). Similar results were observed according to quartiles, where higher concentrations were strongly related with hypertension incidence (Q2 AHR: 1.31, 95% CI: 1.13–1.51; Q3 AHR: 1.35, 95% CI: 1.15–1.60; Q4 AHR: 1.83, 95% CI: 1.53–2.17). Trend analysis showed that there was a linear trend between the PM2.5 concentration quartile and hypertension incidence (P trend <0.001).


Table 2. The incidence rate for the effects of annual average residential PM2.5 exposure on hypertension among the elderly for 10-year cohort study.
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Table 3. The association between long-term exposure to PM2.5 and hypertension incidence among the elderly.
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In subgroup analyses, after adjusting for related confounding variables, the effect estimate for each 10 μg/m3 increment in PM2.5 concentration was significantly greater in individuals with without a pension, living in a rural setting, and residing in central/western China (P-value for modification effect <0.05 and significant HR value). The detailed modification effects are shown in Table 4.


Table 4. Subgroup analysis for hypertension incidence and its associated with each 10 μg/m3 increment in PM2.5 concentration.
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DISCUSSION

We conducted a 10-year prospective cohort study to examine the association between PM2.5 exposure and the risk of hypertension incidence among Chinese elderly. Our results indicated that long-term exposure to PM2.5 was significantly associated with hypertension incidence among elderly individuals aged 65–116 years. We found that per 1 and 10 μg/m3 increase in PM2.5, the HR of hypertension incidence increased by 1 and 12% among the elderly, respectively. Similarly, there were strong positive links between Q2, Q3, and Q4 with PM2.5 exposure and hypertension incidence. Moreover, we observed that individuals with certain characteristics were more likely to be affected by PM2.5 exposure based on subgroup analysis.

We observed that the average exposure from 1-year before the event had the strongest effect on the incidence of hypertension, which was shorter than previous studies on the association between PM2.5 exposure and health outcomes have reported. For instance, some studies reported that a 3-year average PM2.5 exposure was most closely related to mortality (32, 37). Similarly, other studies have verified that an exposure period of <2 years might greatly influence cardiovascular health outcomes (38, 39). Thus, our results indicated that the impact of PM2.5 exposure was greater than we expected. The findings of our study suggest that interventions to improve air quality may reduce the incidence of hypertension within a short period.

According to the shape of the dose-response relationship between PM2.5 and hypertension incidence, we found that there was no safe threshold for PM2.5 exposure (Figure 3). Some studies have detected a threshold for PM2.5 exposure and negative health outcomes (22, 40), for example, a J-shaped association existed between PM2.5 exposure with a threshold concentration of 33 mg/m3, and function disability among the elderly. Other studies report that there is no safe threshold for PM2.5 exposure when considering asthma mortality and all-cause mortality risk (32, 41). Currently, the evidence for safe PM2.5 exposure with respect to hypertension incidence is limited. According to our findings, even with exposure to low levels of PM2.5, the risk of hypertension should not be overlooked. From a public policy perspective, reducing each one unit concentration of PM2.5 may be effective for protecting the elderly. Therefore, stricter national policy actions are recommended to improve air quality.

The adverse effects of PM2.5 exposure and increased risk for hypertension found in our study are in line with previous studies conducted among middle-aged and elderly people under 80 years of age (19, 21). For example, Wu et al. used a database including 20,927 middle-aged and older participants and reported that the increase in hypertension incidence risk per unit PM2.5 exposure was about 4.8 and 6.3% higher among males and females, respectively (19). Lin et al. enrolled 59,456 adults aged 50 years and older from four cohorts in China and showed that each 10 μg/m3 increase in PM2.5 concentration increased the HR of hypertension incidence by 14 % (17). In addition, the current study showed that the HRs for Q2, Q3, and Q4 for PM2.5 exposure were relatively higher than those in other published studies (12). One explanation for this finding was that these participants in our study were older than other studies (mean age was 87.7 years in our paper). Expert proposes that the ability to adapt to air pollution exposure may be reduced due to aging and health status (22). However, one study that investigated elderly individuals residing in Taiwan found no significant association between PM2.5 exposure and hypertension (16). Discrepant results were also observed in a Black Women's Health Study that found PM2.5 exposure was not significantly associated with measured hypertension among middle-aged and elderly women (9). In the present study, the mean of PM2.5 exposure concentration (55.3 μg/m3) was relatively higher than PM2.5 concentration from other studies conducted in the USA (8.6 μg/m3) (7), Seoul (38.9 μg/m3) (42), Europe (range: 5.0–8.9 μg/m3) (43), and a cross-sectional study from India (33.0 μg/m3) (11). Our finding was supported by a prior paper reported that the risk of PM2.5 exposure was declining in most western developed countries; in contrast, the risk of PM2.5 exposure was prominent in developing countries (44). Since 2013, the Chinese government has carried out a pilot project to monitor PM2.5 concentration in 33 major cities and implemented an air quality standard for PM2.5 concentration in 2016 (45). In 2019, the PM2.5 concentration in 22 of 31 major cities in mainland China exceeded the annual limitation concentration for China (35.0 μg/m3) and 31 of them exceeded the WHO recommendation (10.0 μg/m3) (46). Overall, the regional development patterns and air pollutant concentrations varies across countries and regions, which may explain some of the heterogeneity of PM2.5 exposure; the inconsistency between our results and those of other studies may also be caused by differences in time spent outdoors, population structures, and accessibility to health care (32).

To date, relevant studies have been proposed to explain the impacts of PM2.5 exposure on blood pressure through several mechanisms. One study posits that PM2.5 is taken into the human body by direct translocation through the olfactory bulb, leading to inflammatory responses and oxidative stress (47). Another proposes that inhaled particles destroy the balance in the autonomic nervous system, inducing a sympathetic response, followed by arterial vasoconstriction (48). Finally, it may be that long-term exposure to PM2.5 affect the systemic hemodynamics of the body due to endothelial injury or dysfunction, which is also considered a risk factor for hypertension (10). In summary, the beneficial efforts to reduce PM2.5 emission on hypertension among the elderly would be important.

Our findings implied that the association between each 10-μg/m3 increment in PM2.5 exposure and hypertension was modified by different characteristics of the elderly. We found that HR seemed more apparent in individuals without pensions. One study concluded that the health impact of PM2.5 on individuals with lower socioeconomic status was slightly greater than that of others (49). In our study, most of the participants were uneducated and had no pension, so they were probably more likely to spend their time engaging in outdoor manual labor that more easily suffered from PM2.5 exposure. Additionally, the subgroup analysis showed that respondents who lived in rural areas and central/western China were more likely to have hypertension. According to the distribution of PM2.5 concentration in mainland China in this study (Figure 2), we found most of the central or western areas such as Szechwan, Hunan, and Hubei provinces, and the Beijing-Tianjin-Hebei region had higher air pollutant levels. It is important to note that these areas are traditional industrial districts with a high population density. In rural areas, the PM2.5 concentration was higher than in urban areas probably due to residential energy materials such as coal and biomass fuels. Accordingly, several approaches, such as clean energy use in rural areas and upgrading of traditional industries in traditional industrial districts, would improve air quality and decrease the risk of hypertension among the elderly.

Some limitations of this study should be acknowledged. First, according to the diagnostic guide, antihypertensive medication was one of the criteria for hypertension diagnosis, but the information was not available in the CLHLS database. In our study, we used blood pressure values and self-reported history of hypertension diagnosis to identify hypertension, which might be affected by recall bias. However, it could be confirmed that individuals diagnosed with hypertension by a physician should be prescribed antihypertensive medication (16). The address of each participant was deleted from the CLHLS database and we could not collect the precise addresses of participants from this publicly open database. However, our study estimated PM2.5 exposure in residential counties or district addresses using satellite observations and an atmospheric chemistry database that effectively employed relatively coarse spatial resolution to estimate large-area variations in air pollution exposures (11, 50). Besides, lots of factors such as economic status, disease comorbidities, and life styles, which were dynamic and not easy to assess. Lastly, because the concentrations of other air pollutants such as SOX, NOX, and O3 were not unavailable in the open database, we could not confirm the effects of PM2.5 exposure and hypertension incidence under the influence of these air pollutants. A more comprehensive evaluation should be conducted to verify the influence of various air pollutants on hypertension in future studies.

Despite these limitations, this study further added to the present evidence of the effects of PM2.5 exposure on hypertension among the elderly. In particular, the study provided quantitative evidence relying on a 10-year period using a large population-based cohort that included a nationwide representative sample of a specific age group (≥80 years) in a developing country. The results can be used to inform public policy to address the urgent need for more rigorous environment-related policies for air pollution abatement and make efforts to protect vulnerable elderly away from such harmful exposure.



CONCLUSION

This study highlighted the effects of long-term exposure to PM2.5, which was associated with hypertension incidence among the elderly, and indicated that there was no safe threshold for the association between PM2.5 and risk of hypertension. Furthermore, this relationship was greater in the elderly who were without pension, living in rural areas, and residing in central/western China. Reduction approaches and policies for PM2.5 should be developed to reduce the incidence of hypertension and improve the quality of life of the elderly.
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