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[Abstract] Objective Quantify the health benefits of various strategies for reducing PM,; (aerodynamic diameter
< 2.5 um) concentrations on the prevalence of metabolic syndrome (MetS) in the population, and provide more direct
scientific evidence to support air pollution control efforts. Methods By integrating PM,, exposure concentrations,
population sizes of various cities in China, and relative risk data for PM,,-MetS from previous studies, the generalized
impact fraction (GIF) for equivalent, fixed, threshold, and ratio interventions on PM,, concentrations was estimated using
the Miettinen formula. Specifically, the proportion of MetS cases that could be reduced by lowering the current exposure
level to a specified level of interest was calculated. Results Reducing PM,; concentrations by 5, 10, 15, or 20 pg/m3 can
lead to decreases in the number of MetS cases by 10.54% (95% CI: 10.52%-10.57%), 19.94% (95% CI: 19.90%-19.99%),
28.24% (95% CI: 28.16%-28.33%), and 35.41% (95% CI: 35.27%-35.55%), respectively. When the concentration is
controlled to the minimum observed value (5.95 pug/m?) or does not exceed the WHO annual average standard (10
pg/m?), the proportions of MetS cases that can be avoided are 22.71% (95% CI: 18.77%-26.65%) and 17.24% (95% CIL:
16.86%-17.62%), respectively. Using the ratio intervention method, reducing PM, concentrations by 30% and 50% can
reduce the number of MetS cases by 7.41% (95% CI: 7.28%-7.53%) and 12.16% (95% CI: 11.96%-12.36%), respectively.
Conclusion All four PM,; intervention strategies can reduce the number of patients with MetS to varying degrees, with

equivalent, minimum-value, and WHO threshold-based interventions demonstrating the greatest effects. Taking into
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comprehensive consideration, equivalent intervention is more efficient. In the future, efforts should be gradually focused

on the correlation between actual environmental control measures and intervention strategies to directly guide the

formulation of environmental protection policies.
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Simulated intervention

Miettinen's formula
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LMY N 94.35 ug/m’, P, Py FIP,. 535 4939.64 . 32.057
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FFEE
2.2 PM, . 5MetSHIXE R E

RRAERF 22 1) 2 5 - 45 ) DI R B A0 28 e 4, A
FEHAE I, PM, AR NIN10 pg/m?, %R YRR, (95%CI)
1.25(1.02 ~ 1.53); PR DM AE B J5 , X YRR (95%CI)
1.08(1.06 ~ 1.10) , ULF1,

GIF =

R1 PM,;5MetSKERE
Table 1 The association strength between PM, ; and MetS

Type RRy (95% CI) Scale/(ug/m’) RR (95% CI) Scale/(ug/m’)
Original ~ 1.16 (1.01-1.33) 67  1.08(1.06-1.10) 10
Converted 125(1.02-1.53) 10 1.08 (1.06-1.10) 10

RRy: the unadjusted relative risk value; RRc: the adjusted relative risk

value.
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20 pg/m’ i, ARV /110.54%(95%CI: 10.52% ~ 10.57%)
19.94%(95%CI: 19.90% ~ 19.99%) . 28.24%(95%CI:
28.16% ~ 28.33%) 5%,35.41%(95%CI: 35.27% ~ 35.55%) [{{]
MetSiE o 4 BRI 2 e /IME (5.95 pg/m®) B, 7T 3k A 1Y
MetSH 1] Eb 51 422.71%(95%Cl: 18.77% ~ 26.65%) o LA
15 YU BE B P, N B 0L, XA Y GIF N 6.89%(95%
Cl: 6.46% ~ 7.31%) . 15HIPM, G2 vk i 28 J{: tnnvh
AR (35 pg/m’) MIWHOARHE (10 pg/m®) LI AT,
Met S 1511 80 T i 2 2.59% (95%Cl: 2.32% ~ 2.87%) Fll
17.24%(95%Cl: 16.86% ~ 17.62%) . HAE T HHeME |, 24
PM, R T Uk 5 HLJFOR MK 10% A, AT /0 2.51%(95%C:
2.46% ~ 2.55% ) i MetS &A=, HE— L4 KT 10 LU (8 AT 3 A
HZ M MetS & A, WFEAK LB R130% F150%, AT 6 /b
7.41%(95%CI: 7.28% ~ 7.53%) F112.16%(95%CI:
11.96% ~ 12.36%) MetSJx 4l .

R2 HEHTFFHPM, ;3T MetS B IxHI 200

Table 2 The effect of simulated PM, ; intervention on the prevalence of

MetS
GIF
Intervention
Estimated value 95% CI

Equivalent

5 ug/m’ 10.54% 10.52%-10.57%

10 pg/m’ 19.94% 19.90%-19.99%

15 ug/m’ 28.24% 28.16%-28.33%

20 pg/m’ 35.41% 35.27%-35.55%
Fixed

Minimum value 22.71% 18.77%-26.65%
Threshold

Chinese secondary standard 2.59% 2.32%-2.87%

WHO standard 17.24% 16.86%-17.62%

Py 1.31% 1.15%-1.47%

Ps, 3.46% 3.18%-3.75%

Pys 6.89% 6.46%-7.31%
Ratio

10% 2.51% 2.46%-2.55%

30% 7.41% 7.28%-7.53%

50% 12.16% 11.96%-12.36%

GIF: generalized impact fraction. P,s, P5g, and P,; represent the 25th,
50th, and 75th percentiles, respectively. 95% CI estimated by 1000 Monte

Carlo simulations (normal distribution); All the results P < 0.05.
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