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Humans are exposed to myriad chemicals simultaneously. Based
on their sources, many of these chemicals co-occur, leading to
high correlations between certain chemical concentrations. For
example, individuals who live in urban areas may have higher
exposures to air pollutants relative to residents of rural areas,1

and those who eat fish and red meat may have elevated levels of
PFAS and mercury relative to those who eat these foods less fre-
quently.2–4 Identifying behavioral patterns that reflect unique
groups of multipollutant exposures may be useful as an interven-
tion aimed at exposure reduction because regulations and policy
changes to remove specific chemicals from commence take years.
Ascertaining upstream sources of chemical exposures is also use-
ful for risk assessment because this may allow us to identify the
most vulnerable populations.

To date, the vast majority of environmental epidemiology
studies have assessed the effects of single chemicals one at a
time, and regulatory guidelines set by the U.S. Environmental
Protection Agency generally focus on a few specific chemicals,
as opposed to considering chemical classes.5,6 A problem with
these approaches is that they fail to consider coexposure to other
pollutants, which may produce additive or synergistic health
effects. To account for highly correlated coexposures, environ-
mental epidemiologists have developed environmental mixture
methods,7–9 which allow us to estimate the impact of exposure to
a group of pollutants on adverse health outcomes.

Although exposure assessment and mixture methods have
provided novel insights, challenges remain. Data obtained from
laboratory-based exposure assessment often include observations
below the limit of detection (LOD), leading to incomplete and
missing data, which pose a challenge from a statistical standpoint
because researchers are left with little to no information regarding
the concentration. Given that the actual value lies somewhere
between 0 and just below the LOD and that most current mixture
methods cannot account for missing data, researchers commonly
impute values below the LOD with LOD=
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to retain the maxi-
mum possible sample size for downstream analyses. However,
imputing with a fixed value falsely assumes that all values below
the LOD are equal, making it difficult to identify patterns associ-
ated with low levels of exposure.

In their new study,10 Gibson et al. adapted principal compo-
nent pursuit (PCP), a robust method for dimensionality reduc-
tion and pattern identification, to accommodate missing data

and values below the LOD. An important strength of this method
is that it allows for the inclusion of missing values, such as those
below the LOD, in a way beyond just imputing them as LOD=
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.
To evaluate its performance, the authors compared their method,
PCP-LOD, with traditional principal component analysis (PCA)
with values <LOD imputed as LOD=

p
2 in simulations and in a

real-world application to data from the National Health and
Nutrition Examination Survey (NHANES).11

In simulations, PCP-LOD generally outperformed PCA (e.g.,
PCP-LOD recovered a higher percentage of the true number of
patterns) when the percentage of observations below the LOD
was <50% and in scenarios in which there was either low
Gaussian noise or there were both low Gaussian noise and sparse
events.10 Further, PCP-LOD largely outperformed PCA when 16
chemicals were included in the mixture, but performance decreased
when the number of chemicals in the mixture increased to 48. In the
application toNHANES data, PCP-LOD produced results similar to
those of PCA when applied to a mixture of 21 chemicals (including
dioxins, furans, and polychlorinated biphenyls) with >50% above
the LOD.10

The simulation findings by Gibson et al. suggest there could be
specific situations in which PCP-LOD would be preferred in prac-
tice. However, more studies are needed to demonstrate the advant-
age of PCP-LOD in real-world data applications because the
authors’ application to NHANES data indicates that PCP-LOD
and PCA provide comparable estimates.

As the field moves toward incorporating information on
increasingly large numbers of chemicals into mixture models, han-
dling large amounts of missing data (e.g., concentrations<LOD)
is becoming increasingly important. Current methodological
approaches do not have high accuracy in situations with large
amounts of missing data, which leads to difficulty in assessing
the health effects of emerging chemicals that are readily detected
only in small percentages of the population. In addition to PCP-
LOD, there is a need for extensions accommodating missing data
in other mixture methods, particularly those that aim to identify
the most dangerous constituent chemicals or estimate the joint
effects of the whole mixture. Using mixture methods is crucial
for a holistic risk assessment and prevention of disease because
these approaches provide an opportunity to answer research
questions related to the health effects of simultaneous exposure
to numerous chemicals.
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