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We appreciate the insightful comments provided by Qiang et al. (2024) regarding 
our recent publication, “Association of PM2.5 and Its Chemical Constituents with 
Blood Pressure: A Cross-Sectional Study.” in Journal of Hypertension. We thank Dr. 
Zhang and colleagues for their recogniction of our work and for their constructive 
suggestions, which we address in detail below. 

As noted by the authors, our study used 3-year average PM2.5 exposure values 
without differentiating between short-term and long-term exposure effects. While we 
recognize that PM2.5 concentrations are temporally dynamic, 3-year averages are 
commonly used to reflect stable, long-term exposure states in chronic disease research 
[1,2]. Our focus was on chronic exposure as a risk factor for hypertension, where 
long-term averages are likely more representative of sustained, cumulative effects. 
Nevertheless, we agree that incorporating short-term exposure analysis and seasonal 
stratification could yield additional insights, particularly given the transient nature of 
PM2.5 levels. Notably, previous meta-analysis has linked short-term PM2.5 exposure to 
hypertension risk [3], though no standardized definition of “short-term” in this 
context.  

We concur with Qiang et al. that the examining interaction effects among PM2.5 
constituents could provide further understanding of their compound effects more fully. 
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Our choice of the Weighted Quantile Sum (WQS) approach instead of a logistic 
regression, was motivated by its efficacy in addressing overfitting and 
multicollinearity—challenges often encountered in environmental exposure research 
involving multiple correlated pollutants. To estimate interactions among PM2.5 
constituents, we recommend Bayesian kernel machine regression (BKMR) as a 
promising approach that handles multicollinearity and accomondates high 
dimensional interactions [4]. However, BKMR’s computational demands limit its 
feasibility for large samples, underscoring the need for methodological advancements 
that can enable multi-pollutant analyses in extensive datasets. 

Our study focused on the general population to establish findings applicable 
across a broad demographic, and subgroup analyses were not included in our initial 
design. We agree that targeted subgroup analyses could provide valuable insights for 
specific at-risk groups and enhance the representativeness of the results and ensures 
that observed differences reflect true effects rather than chance. Rather than pursuing 
subgroup analyses within the same dataset, we suggest dedicated studies focused on 
high-risk populations, such as elder adults or pregnant women, across multiple 
datasets to achieve more robust conclusion. 

We recognize the importance of addressing diverse approaches to managing 
PM2.5 exposure, as highlighted by the authors. We appreciate the authors’ proposal of 
a “three-tier response strategy” and hope our findings contribute meaningfully toward 
this framework. Notably, our study revealed that associations between exposure to 
PM2.5 constituents and elevated blood pressure were more pronounced at the 70th to 
90th quantiles (systolic blood pressure exceeding 133 mmHg and diastolic blood 
pressure exceeding 82 mmHg). While further longitudinal research is warrented, these 
findings suggest that population-specific air quality standards could be beneficial in 
identifying and protecting individuals at heightened risk. High-risk groups, as 
identified by the authors, may benefit from targeted public health interventions to 
mitigate the adverse cardiovascular effects associated with PM2.5 exposure.. 

Finally, we recognize the importance of precise exposure measurements, 
especially considering the variability in PM2.5 concentrations due to seasonal changes, 
lifestyle factors, and regional socioeconomic differences. Although covariates and 
stratification can partially adjust for these variables, achieveing precision remains 
challenging when relying on aggregate data, whether at spatial resolutions of 10 
kilometers or one kilometer. Encouragingly, some studies have begun to focus on real-
time field data [5] and to meticulously account for individual mobility and variations 
in exposure. With advancements in monitoring technologies and methodologies, 
alongside improvements in cohort research, we anticipate that future studies will 
achieve more precise measurement and assessments. 
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