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Air pollution is a major risk to public health globally that affects
nearly every organ system,1 and growing evidence indicates
adverse effects of exposure to air pollution on the central nervous
system.2,3 The mechanisms underlying the neurological effects are
not yet fully understood, but oxidative stress, chronic neuroinflam-
mation, disruption of the blood–brain barrier, microglia activation,
and white matter abnormalities are likely involved.4 To the best of
our knowledge, previous studies on effects on neurodevelopment
were all observational; randomized controlled trials (RCTs), which
are considered the gold standard in health research, are generally
rare in environmental epidemiology because they are often consid-
ered unfeasible or unethical.5 Therefore, the intervention study by
Ulziikhuu et al. published in this issue of Environmental Health
Perspectives6 is a welcome addition to these observational studies.
Fetal life is a period of particular interest for brain development
and increased vulnerability to environmental stressors, given that
this is a period of rapid growth, cell differentiation, and brain net-
work development,7,8 and early brain development can have long-
lasting consequences for functioning.9–11 Several studies reported
that prenatal exposures to air pollutants—especially polycyclic ar-
omatic hydrocarbons (PAHs), particulate matter with an aerody-
namic diameter of ≤2:5 lm (PM2:5), and nitrogen oxides—is
associated with lower cognitive or psychomotor function and
higher risks of behavioral problems, such as autism spectrum dis-
order in childhood.12,13 Effects of prentatal exposure to air pollu-
tion during pregnancy have been suggested to be either direct, by
air pollution crossing the placental barrier,14 or indirect, by air pol-
lution impairing placental functioning and decreasing transplacen-
tal nutrient and oxygen transport through systemic inflammation
and oxidative stress.15–17 However, gestation is likely not the only
window of susceptibility given that there are also studies reporting
associationswith postnatal exposure.12

Ulziikhuu et al. conducted a single-blinded, parallel-group
RCT among 540 nonsmoking pregnant women in Ulaanbaatar,

Mongolia, where air pollution levels are high.6 Participants were
randomly assigned to an intervention group with high-efficiency
particulate air (HEPA) filter air cleaners or to a control group
with no air cleaners. HEPA filters have been shown to be effec-
tive in reducing exposures to indoor air pollutants.18 Full-scale
intelligence quotient (IQ) was assessed with the Wechsler
Preschool and Primary Scale of Intelligence, Fourth Edition,19

when the children were 4 years of age. In the intervention group,
IQ scores were on average 2.8 points [95% confidence interval
(CI): –0:1, 5.7] higher in an intention-to-treat analysis and 3.2
points (95% CI: 0.3, 6.0) higher in a complete case analysis, com-
pared with the control group.

The use of an RCT is a strength of the study by Ulziikhuu et al.6

Compliance with the intervention was relatively high, with HEPA
filters being used during most of the pregnancy period by the inter-
vention group participants [median (interquartile range): 70%
(60–80%) of the time]. Still, the study has some limitations. As pre-
viously reported by Barn et al.20 PM2:5 levels measured in the par-
ticipants’ homes during pregnancy were lower in the intervention
group than in the control group [40% (95% CI: 31%, 48%) lower at
median 11 wk of gestation and 15% (95% CI: 0, 27%) lower at me-
dian 30 wk of gestation]. However, because no preintervention
PM2:5 measurements were performed, it remains unclear how
much of the difference in PM2:5 levels between the two study
groups can be attributed to the intervention with the HEPA filters.
Moreover, maternal blood cadmium levels were significantly
lower (14%) in the intervention group than in the control group.
Blood cadmium is a marker of secondhand smoke exposure that
could have also been reduced by the HEPA filters, but food is
another important source.21 Without preintervention measure-
ments also for blood cadmium, it remains unclear to what extent
the difference between the two groups is attributable to the inter-
vention. Therefore, it remains unclear whether differences in cog-
nitive performance between the two study groups result from
differences in PM2:5 levels or differences in cadmium levels. This
would be of interest to ascertain, given that there is some evidence
for an association between cadmium exposure and cognitive devel-
opment in children.22–24 An analysis of themutually adjusted asso-
ciations of cognitive performance with PM2:5 and cadmium levels
might shed some light on this, but power could be an issue, given
that measurements of PM2:5 and cadmium were not available for
all participants.20

Despite these limitations, the findings of this RCT by
Ulziikhuu et al.6 are of interest. Future studies with preinterven-
tion exposure measurements are needed to answer the questions
on the extent to which specific exposures are reduced by the use
of HEPA filters and which pollutant(s) are responsible for the
observed association with lower IQ points. It is also important to
stress here that, although there might be some potential in using
HEPA filters for preventing adverse health effects of air pollution
exposure, these health effects can be most effectively tackled by
reducing emissions in the first place.
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