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Why care about mixtures?

• We are exposed to
hundreds (thousands?) of
chemicals at any single
time point

• Traditionally, epi studies
have focused on
single-chemical analyses

• This does not represent
reality

• The combination of
exposures likely induces
different responses Image: ec.europa.eu via Yanelli Núñez
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What is a mixture?

• Actually, there is no strict definition

• According to NIEHS “
”

• Generally, exposure to a mixture indicates exposure to
multiple “stressors” simultaneously

• Chemical
• Non-chemical (SES, diet, etc)
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Million dollar question

• The necessity to assess exposure to mixtures is now
well-recognized

• US EPA, NRC, and NIEHS all agree

How can we represent the compexity of reality in a
(single) statistical model?
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How do we deal with exposure to mixtures?

• This is still a very open question
• Existing methods have limitations
• There have been several workshops held by EPA and

NIEHS to address this issue
• The most recent NIEHS workshop (2015) concluded that

1 Although some methods performed better than others, the
presented estimated associations were still quite variable
and not in agreement

2 The choice of method should depend on the research
question
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Why do traditional methods fail?

• Chemicals are often highly-correlated
• This means that they cannot go in the same regression

model
) Large standard errors and unstable effect estimates

• Requires more flexible models
• Group chemicals or assays
• Drop some chemicals
• Incorporate
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Some considerations

1 No single method outperforms all others for all potential
questions

2 Interpretability
3 Robustness (stable solutions)
4 Computational scalability – as N and/or p increase, some

methods begin to fail
5 Exploration vs. hypothesis testing
6 Not a good idea to “blindly” use methods from other fields

– may need to adjust them first
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Interpretability
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Potential questions in mixtures analyses

For mixtures
analyses the

selected method
depends on the

primary research
question

Mixtures
Research
Questions

Overall
Effect Es-
timation

Pattern
Recog-
nition

Inter-
actions

B qsjpsj
Defined
Groups

Toxic
Agent

Identifi-
cation
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Bird’s-eye (over)view of existing mixtures methods

?Not an a exhaustive list of methods!!

Toxic Agent
Identification

BKMR

Penalized
Methods

Lasso

Elastic
Net

WQS

SEM

Overall
Effect

Estimation

Toxic
Equivalency BKMR

WQS

(semi-)
Bayesian

Hierarchical

unsprv

A priori
Defined
Groups

Group Lasso

(semi-)
Bayesian

Hierarchical

SEM

Hierarchical
BKMR

Pattern
Identification

Clustering

K-means

Hierarchical
Clustering

Dimension
Reduction

PCA

Factor
Analysis

NMF

unsprv

Interactions
& Non-

linearities

CART

Random
Forests

ESS

BKMR
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Comparing results across methods

• Generally a good practice
• Especially if complementary methods
• Sensitivity analyses to assess robustness of results

• If different methods address different questions,
consistency in findings is welcome, but not expected

• If/when differences across methods are detected ! keep
in mind what the aim of each method is!

• Trying different methods and choosing the answer we like
the best should bmxbzt be avoided

• I.e., no cherry-picking!
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Overall mixture effect

• We may want to estimate
the overall mixture effect

• As chemical
concentrations in the
mixture increase, do we
observe corresponding
changes in the outcome?

Mixtures
Research
Questions

Overall
Effect Es-
timation

Pattern
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nition

Inter-
actions
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Overall mixture effect example

• Participants: 726 14–16 year olds whose mothers are
participants in HEALS

• Exposure measurement: Blood As, Pb, Mn, Cd, and Se
assessed at time of visit; maternal HEALS baseline
creatinine-adjusted urinary As (mUAscr) used as indicator
of jo vufsp As exposure

• Outcome assessment: Culturally modified version of the
WISC-IV, raw Full Scale scores
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