
Proceedings of the 9th World Congress on Civil, Structural, and Environmental Engineering (CSEE 2024) 
London, United Kingdom – April 14-16, 2024 
Paper No. ICEPTP 199 (The number assigned by the OpenConf System) 
DOI: 10.11159/iceptp24.199 

ICEPTP 199-1 

 

The Joint Effects of Long-term Exposure to Multiple Air Pollutants on 
Metabolic Syndrome 

 
Xianglin Wei1, Gerard Hoek2, Kin Fai Ho1, Xiang Qian Lao3 

1 Jockey Club School of Public Health and Primary Care, The Chinese University of Hong Kong 
School of Public Health Building, Prince of Wales Hospital, Shatin, Hong Kong SAR, China 

xlwei@link.cuhk.edu.hk; kfho@cuhk.edu.hk 
2 Institute for Risk Assessment Sciences, Utrecht University 

Yalelaan 2, 3584 CM Utrecht, Netherlands 
g.hoek@uu.nl 

3 Department of Biomedical Sciences, City University of Hong Kong 
To Yuen Building, Kowloon Tong, Hong Kong SAR, China 

xq.lao@cityu.edu.hk 
 
Extended Abstract 

Particulate matter of diameters ≤ 2.5 μm (PM2.5), nitrogen dioxide (NO2), and ozone (O3) have been noted to induce 
health damage. However, previous studies have lacked a comprehensive examination of the joint effects of these air 
pollutants on metabolic syndrome (MetS), a cluster of crucial cardiovascular risk factors. This research aims to identify the 
joint effects of long-term PM2.5, NO2, and O3 exposure on incident MetS and MetS indicators. 

We included Taiwan MJ cohort [1] participants to investigate the multi-pollutant effects on the incident MetS, which 
was assessed through five indicators—waist circumference, triglycerides, high-density lipoprotein cholesterol (HDL-C), 
fasting blood glucose, and blood pressure [2]. Participants who did not have MetS at baseline and had at least two visits were 
included in the analysis. Annual average exposure to PM2.5, NO2, and O3 was estimated at each participant’s address using 
satellite-based spatial-temporal models [3, 4]. To adjust for potential collinearity among pollutants, we applied elastic net-
regularized Cox models to evaluate the individual coefficient of each pollutant and construct the environmental risk score 
(ERS) [5] to represent the joint effect of three pollutants. If three pollutants’ coefficients show consistent signs, we would 
calculate the weight of each pollutant as the proportion of its coefficient to the sum of coefficients for all pollutants. In 
addition, we investigated the multi-pollutant joint effects on the incidences of five MetS indicator disorders using the same 
methods. 

A total of 58,942 adults were included and followed for a median duration of 5.4 (IQR: 4.0–7.2) years. There were 6,934 
participants developing incident MetS, 6,128 with abdominal obesity, 7,554 with elevated triglycerides, 4,760 with reduced 
HDL-C, 8,121 with elevated blood pressure, and 13,185 with elevated fasting blood glucose during the follow-up. PM2.5, 
NO2, and O3 jointly elevated the risk of incident MetS with a hazard ratio of 1.20 (95% CI: 1.16–1.25) per standard deviation 
increase in ERS. PM2.5 made the most contribution to inducing MetS (weight of 65%), followed by NO2 (25%) and O3 (10%). 
The ERS hazard ratio was estimated as 1.15 (95% CI: 1.11–1.20) for abdominal obesity, 1.18 (1.14–1.22) for elevated 
triglycerides, 1.23 (1.18–1.29) for reduced HDL-C, 1.18 (1.15–1.23) for elevated blood pressure, and 1.11 (1.08–1.13) for 
elevated fasting blood glucose. PM2.5 exhibited the most pronounced positive effect on elevated fasting blood glucose, 
followed by NO2 with a secondary positive impact, whereas O3 demonstrated a slightly negative effect. For four other 
indicator disorders, all three pollutants were positively associated with outcomes, and thus the specific weight was calculated 
for each pollutant. PM2.5 played the dominant role with a weight ranging from 47% for abdominal obesity to 60% for reduced 
HDL-C. NO2 had the second highest contribution ranging from 24% for reduced HDL-C to 34% for elevated triglycerides. 
Meanwhile, the weight of O3 varied from 9% for elevated triglycerides to 19% for abdominal obesity. 

In conclusion, long-term PM2.5, NO2, and O3 exposure jointly increase the risk of developing incident MetS and MetS 
indicator disorders. PM2.5 exerts the strongest effects among the three pollutants, while NO2 and O3 also have remarkable 
impacts. Coordinated control of these three pollutants is imperative to improve the cardiometabolic health of the general 
population. 
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