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• The presence of highly correlated 
predictors is a well-known issue in 
numerous domains

• Including highly correlated covariates 
in the same regression model
increases the risk of multicollinearity:
• accuracy

• standard errors

Correlated predictors

The reversal paradox.
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• This issue is particularly common in environmental 
epidemiology, when studying the health effects of 
a combined group of multiple factors, known as 
environmental mixtures:

 
1. Mixture Bad Actors (specific role of each factor)

2. Cumulative Mixture Effect (overall)

Correlated predictors – environmental epidemiology

1. 2.
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• To address this complexity, some methodologies have been considered (e.g., penalized 
regression) and ad hoc statistical methods have been developed and then used also in 
different fields outside of environmental epidemiology:

• Mixture Indexing approaches

    Weighted Quantile Sum (WQS) Regression, Quantile G-computation, etc.
• Flexible Approaches for complex settings

    Bayesian Kernel Machine Regression (BKMR), Machine Learning approaches, etc.

Statistical methods
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• WQS regression is a supervised statistical approach 
where exposure aggregation via indexing is 
conducted in two steps:

1. Creating a summary index by weighting each 
mixture component 

2. Including the index in a regression model

WQS Regression

1. 2.
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1. Creating the summary index - weights estimation 

- Split the dataset into training and validation (40/60 )

- Score all exposure factors into categories based on quantiles (quartiles)

- Generate b bootstrap samples of the training dataset (100)

- For each sample, estimate parameters (weights and βs):

β C

                      

                           ;
Assumption of unidirectionality (pre-specified direction): only average results over  bootstrap 
samples with either positive or negative estimates  
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- Derive        for each component based on estimates from bootstrap samples 

- Derive the final estimate of the WQS as weighted sum of the components  

2. Including the index in a regression model

- Fit a regression model in the validation set to estimate the βs
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A Stata command has not been implemented yet. To address this gap, we have 
developed a new command – wqsreg

- wqsreg fits WQS regression for continuous outcomes, while allowing for the several 
flexible components of this framework. It returns the regression estimates, the 
weights, and the WQS index for each subject. 

WQS Regression in Stata
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Syntax:

wqsreg depvar indepvars, mixture(varlist)  boot(integer) ///
[, validation(integer 0) q(integer 4) b1_neg(integer 0) cvar(varlist) seed(integer 
0) conv_maxiter(integer 2000) conv_vtol(real 0.000000001) technique(string) 
saveWQSindex(integer 0) saveWeights(integer 0) datasetWQSindexName(string) 
datasetWeightsName(string) figureName(string) id(string)]

 

wqsreg -Syntax
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Y X1…Xc       Z1…Zp X1…Xc     Z1…Zp



Syntax:

wqsreg depvar indepvars, mixture(varlist)  boot(integer) ///
[, validation(integer 0) q(integer 4) b1_neg(integer 0) cvar(varlist) 
seed(integer 0) conv_maxiter(integer 2000) conv_vtol(real 0.000000001) 
technique(string) saveWQSindex(integer 0) saveWeights(integer 0) 
datasetWQSindexName(string) datasetWeightsName(string) figureName(string) 
id(string)]

 

wqsreg -Syntax
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Number of bootstrap samples (>0).
boot=1: no bootstrapping



Syntax:

wqsreg depvar indepvars, mixture(varlist)  boot(integer) ///
[, validation(integer 0) q(integer 4) b1_neg(integer 0) cvar(varlist) 
seed(integer 0) conv_maxiter(integer 2000) conv_vtol(real 0.000000001) 
technique(string) saveWQSindex(integer 0) saveWeights(integer 0) 
datasetWQSindexName(string) datasetWeightsName(string) figureName(string) 
id(string)]

 

wqsreg -Syntax
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% Validation set [0; 100) Determining the quantile Unidirectionality:
0: Positive
1: Negative



Syntax:

wqsreg depvar indepvars, mixture(varlist)  boot(integer) ///
[, validation(integer 0) q(integer 4) b1_neg(integer 0) cvar(varlist) 
seed(integer 0) conv_maxiter(integer 2000) conv_vtol(real 0.000000001) 
technique(string) saveWQSindex(integer 0) saveWeights(integer 0) 
datasetWQSindexName(string) datasetWeightsName(string) figureName(string) 
id(string)]

 

wqsreg -Syntax
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Seed
WQS index



Syntax:

wqsreg depvar indepvars, mixture(varlist)  boot(integer) ///
[, validation(integer 0) q(integer 4) b1_neg(integer 0) cvar(varlist) 
seed(integer 0) conv_maxiter(integer 2000) conv_vtol(real 0.000000001) 
technique(string) saveWQSindex(integer 0) saveWeights(integer 0) 
datasetWQSindexName(string) datasetWeightsName(string) figureName(string) 
id(string)]

 

wqsreg -Syntax
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Weights



Syntax:

wqsreg depvar indepvars, mixture(varlist)  boot(integer) ///
[, validation(integer 0) q(integer 4) b1_neg(integer 0) cvar(varlist) 
seed(integer 0) conv_maxiter(integer 2000) conv_vtol(real 0.000000001) 
technique(string) saveWQSindex(integer 0) saveWeights(integer 0) 
datasetWQSindexName(string) datasetWeightsName(string) figureName(string) 
id(string)]

 

wqsreg -Syntax
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Maximum number of iterations to 
be performed before optimization

Tolerance

Technique:
Broyden–Fletcher–Goldfarb–Shanno (bfgs)
Modified Newton–Raphson (nr)



Examples - Simulated data set 

- The National Institute of Environmental Health Sciences held a workshop in 2015 to address the 
need to develop novel statistical approaches for multi-pollutant epidemiology studies.

- Participants were asked to analyze simulated data sets made available six months before.

- Simulated data set #2 (n = 500) designed to represent a cross-sectional study of 14 exposure 
variables:

- Clusters of highly correlated covariates
- E[Y]= 3+0.05X4+0.1X6+0.1X11+0.5X12+0.1X14+0.01Z1+0.003Z2             for Z3=0
- E[Y]= 2.68+0.01X1+0.05X4+0.1X11+0.1X14+0.01Z1+0.003Z2                     for Z3=1
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Examples - Simulated data set 
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Example - Mixture of 14 Components – no bootstrap and no training/validation split
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Example - Mixture of 14 Components – no bootstrap, 60% validation
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Example  - Mixture of 14 Components – 100 bootstrap samples, 60% validation

Ponzano et al., wqsreg - A Stata command for Weighted Quantile Sum regression 17



Example - Mixture of 14 Components – Z3-adjusted
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Example - Mixture of 14 Components – Z3-adjusted seed(1994)
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Possible errors generated by wqsreg include: 
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Next steps:

• Extensions:
oGeneralization to binary and poisson

oRepeated holdout

oRandom subset
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Discussion

•  The importance of appropriately exploring complex multidimensional 
exposures, such as environmental mixtures, is increasingly recognized.

• Although further steps can be implemented, wqsreg is the first command 
to apply WQS regression in Stata.
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