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[Abstract] Objective To investigate the effect of long-term exposure to PM,; and its chemical components on
frailty risk among middle-aged and older adults in China. Methods A prospective cohort study was conducted using
data from the China Health and Retirement Longitudinal Study (CHARLS) collected between 2011 and 2020 and the
Tracking Air Pollution (TAP) dataset. The frailty status of the participants was assessed using the frailty index. A time-
dependent Cox proportional hazards model was applied to examine the associations between frailty risk and long-term
exposure to PM,; and its chemical components, including black carbon, organic matter, sulfate, nitrate, and ammonium.
Results A total of 9603 participants were included in the analysis. After adjusting for potential confounders, each
interquartile range increase in the average PM,; concentration during the preceding year was associated with a 10.0%
higher risk of frailty (hazard ratio [HR] = 1.100, 95% CI: 1.015-1.193). For individual chemical components, each
interquartile range increase in the one-year average concentrations of organic matter, black carbon, ammonium, sulfate,
and nitrate, the participants were exposed to was associated with a 14.2% (HR = 1.142, 95% CI: 1.055-1.236), 13.1% (HR =
1.131, 95% CI: 1.041-1.229), 9.8% (HR = 1.098, 95% CI: 1.010-1.194), 8.8% (HR = 1.088, 95% CI: 0.996-1.187), and 8.1%
(HR = 1.081, 95% CI: 0.996-1.172) higher risk of frailty, respectively. Conclusion Long-term exposures to PM,; and its
chemical components, particularly black carbon, organic matter, and ammonium, were associated with a higher risk of
frailty among middle-aged and older adults in China. Priority should be given to strengthening emission control of black
carbon and organic aerosols to mitigate the public health burden of air pollution in the context of an aging society.
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17 515 Participants enrolled in the 2011
CHARLS baseline

Y

1 432 Participants excluded
689 With missing data for frailty index at baseline
743 With missing data for covariates at baseline

A

16 083 Participants included

Y

6 480 Participants excluded
3 549 With missing data for frailty index for more than 3 waves
2 396 Identified as being frail in the 2011 wave
459 With missing data for covariates in any follow-ups
76 With missing data for air pollutants in any waves

A

9 603 Participants included for the final analysis
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Fig 1 Flowchart for the inclusion and exclusion of participants
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Table 1 Results of Cox proportional hazards regression analysis (n = 9603)
, Model 1* Model 2° Model 3°
Exposure  IQR/(ug/m’)
HR 95% CI P HR 95% CI P HR 95% CI P

PM,; 31.472 1.040 0.960-1.127 0.338 1.109 1.023-1.203 0.012 1.100 1.015-1.193 0.020
BC 1.227 1.081 0.995-1.174 0.066 1.140 1.049-1.238 0.002 1.131 1.041-1.229 0.004
OM 6.574 1.092 1.009-1.181 0.029 1.150 1.063-1.245 <0.001 1.142 1.055-1.236 0.001
oks 5.818 1.024 0.939-1.118 0.590 1.097 1.005-1.197 0.038 1.088 0.996-1.187 0.060
NO; 8.460 1.020 0.941-1.106 0.628 1.089 1.004-1.181 0.039 1.081 0.996-1.172 0.062
NH," 5273 1.040 0.956-1.130 0.364 1.107 1.018-1.204 0.017 1.098 1.010-1.194 0.029

PM,;: particulate matter with a <

2.5 um aerodynamic diameter; BC: black carbon; OM: organic matter; SO,”

~: sulphate; NO,™: nitrate; NH,": ammonium;

IQR: interquartile range; HR: hazard ratio. * Model 1 is adjusted for sex, age, temperature, and relative humidity; * Model 2 is controlled for the same risk factors

as Model 1 with the addition of residence, marital status, educational attainment, medical insurance, employment status, and income group; € Model 3 includes

all covariates in Model 2, with the addition of smoking and drinking behaviors.
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Fig 2 Restricted cubic spline plot for the association between long-term exposure to PM, ;/chemical components and the risk for frailty

The abbreviations are explained in the note to Table 1.
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Fig 3 Subgroup analysis of the impact of long-term exposure to PM, ; and its chemical components on frailty risk

Abbreviations are the same as in Table 1.

R2 HEMSTERK (n=9603)
Table 2 Sensitivity analysis results (n = 9603)

Average pollutant concentration in the past 2 years

Average pollutant concentration in the past 3 years

Exposure 3 3
IQR/(pg/m’) HR (95% CI) P IQR/(pg/m’) HR (95% CI) P

PM,, 34,545 1.095 (1.006-1.191) 0.035 34.938 1.105 (1.016-1.202) 0.019
BC 1.352 1.126 (1.033-1.229) 0.007 1.369 1.134 (1.041-1.235) 0.004
oM 6.997 1.132 (1.045-1.225) 0.002 7.058 1.137 (1.051-1.230) 0.001
so.” 6.201 1.079 (0.988-1.180) 0.092 6.252 1.081 (0.991-1.179) 0.050
NO;’ 8.635 1.070 (0.988-1.159) 0.095 8.815 1.082 (0.998-1.173) 0.055
NH,' 5.437 1.089 (1.002-1.183) 0.045 5.316 1.097 (1.013-1.188) 0.023

The abbreviations are explained in the note to Table 1. All models are adjusted for all covariates including sex, age, marital status, educational attainment,

income group, medical insurance, employment status, residence, smoking and drinking behaviors, temperature, and relative humidity.
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