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S1: Addressing the differences among the baseline population of the included studies: 

Baseline populations in each country varied widely in relation to the numbers exposed to particulate matter. To 
avoid considerable disparity among studies and countries, we calculated the premature mortality rate for the respective 
study year by dividing the number of premature deaths by the country population of the same year. Since the premature 
mortality rates were not normally distributed the mortality rates were then converted to the log scale. It was then as-
sumed that log premature mortality rates were normally distributed. Thereafter, we have tested this assumption by 
assessing the properties of log normal distribution were held in our log converted mortality rate data set (S2).  
 
 
S2: Requirements for the Bayesian Hierarchical meta-analysis 

A prerequisite for Bayesian Hierarchical meta-analysis is the normality of the data. In order to achieve normality, 
the log normal rates were transformed to their values in the corresponding normal distribution with the usual conver-
sion equations which can be found in the web document [1].  In order to invoke these equations, the mean (the actual 
mortality rate) and variance of the log normal distribution are required. To calculate the variance, further properties of 
the log normal distribution were exploited [2,3]. The results of the meta-analysis were then transformed back to their 
original scale. (Further details in Supplementary S4&S5). Two studies were excluded from the Bayesian Hierarchical 
meta-analysis because they did not satisfy this criterion. 
 

 
S3: The statistical analysis 

The analysis was carried out in freeware R3, using the bayesmeta package version 2019 [4]. The bayesmeta package 
derives the posterior distributions of the synthesized mean and heterogeneity parameter and their posterior joint dis-
tribution. The Forest plots that were generated from the Bayesian hierarchical meta-analysis which demonstrated the 
log normal rates mapped to the normal distribution with 95% credible and prediction intervals.  Thereafter the hetero-
geneity plots were generated to display the posterior joint density of the log normal mortality rate and heterogeneity 
(τ) parameters. 
 
S4: Testing the log normal assumption 
 

Confidence intervals for the mean of a log normally distributed variable X have the following property (equation 
1),  where uci and lci denote the upper and lower bound of the associated confidence intervals for the mean respectively 
[2,3].  

mean2 (X) = uci*lci (1)

We used a linear regression to test this assumption on the included studies’ estimates. In order to fulfil the assump-
tion of normality of errors, the square of the studies’ estimated mortality rate was log transformed and the product of 
the mean’s uci and lci was also log transformed for ease of interpretation. The coefficient obtained from the regression 
model was 0.992 with 95% CI (0.939, 1.045), p < 0.0005.  

Thereafter, normality of errors and constancy of variance were assessed with graphical plots of the residuals and 
by formal statistical tests. The Shapiro-Wilks test for normality gave a p value of 0.47 and the Breusch-Pagan test for 
heteroskedasticity gave a p value of 0.47. As the value 1 is in the 95%CI for the regression coefficient, these results 
indicate expressed in equation 1 was met by the mortality rates and therefore we can accept that they were log normally 
distributed. The residual plots however, indicated the possibility of two points that may be outliers [5,6]. We further 
assessed these two points graphically (Figure S1). Figure S1 consists of the fitted regression line, the two lines that result 
from the extremities of the regression coefficient’s and constant’s 95% CIs and the y = x line which indicates perfect 
agreement with equation 1 [5,6] . 
 
 
 
 



Figure S1. The results of the regression testing the assumption expressed in equation 1. 

 

S5: Calculating the variances of the log normal distributions 
The variances for the mortality rates were calculated using Equation 2 which displays a property of the variance 

of a log normally distributed variable X, where uci and lci are defined as in Equation 1, and z is the relative quantile 
point of a normal distribution required to calculate the CI. For example, for a 95% CI, z is approximately equal to 1.96 
[5,6].  

As the inputs to the Bayesian hierarchical meta-analysis are required to be normally distributed, the calculated log 
normal variance and mean (the actual mortality rate) were plugged into the conversion formulae [1] to convert the 
included studies’ estimates to their equivalents on their associated normal distribution scales.  

VarianceሺXሻ =  ൬ uci lci  ൰ଵ ୸  
 (2)

The Bayesian hierarchical meta-analysis computes the posterior distribution of the synthesized means from which 
are extracted the median and a 95% credible interval based on the 2.5th and 97.5th quantiles of the posterior distribution. 
Please note that the synthesized mean referred to in the forest plots is the median of the posterior distribution [4]. Due 
to the equivariance property of the quantiles under a monotone transformation [7] and the definition of log-normality, 
namely that if a random variable X is log-normally distributed then the logarithm of X is normally distributed, trans-
formation back to the original log normal scale of the median and the credible interval limits was done with exponen-
tiation. 
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