
Unconventional natural gas is nat-
ural gas in shale rock layers deep

underground that generally require
vertical and horizontal drilling with hy-
draulic fracturing (“fracking”) to bring
to the surface. Over the last decade,
unconventional natural gas develop-
ment (UNGD) has rapidly become a
major energy source in the United
States, growing from 5 to 46% of
the country’s natural gas production
between 2005 and 2015.1 Pennsylva-
nia, Texas, and Louisiana lead the
United States in UNGD. Although
UNGD has environmental and social
impacts, research on the health ef-
fects of UNGD is in its infancy. Here,
we describe the UNGD process and
its environmental and community im-
pacts, and summarize our epidemiol-
ogy studies on UNGD and health
outcomes. Finally, we provide recom-
mendations, both on the clinical and
public health levels, to protect the
health of residents in communities
undergoing UNGD.

During the first step of UNGD,
the land (about seven acres) for the
well pad is cleared and materials are
brought to the site.2 This process re-
quires more than 1,000 diesel truck
trips per well.3 The well is then
drilled vertically and horizontally.
After drilling is completed, the hori-
zontal portion of the well is perfo-
rated. Hydraulic fracturing follows,
and requires three to seven million
gallons of fluids, which is comprised
of 90-95% water, 5-10% sand prop-
pant (to keep the rock fractures
open), and 0.1-1% chemical addi-
tives (including friction reducers, bio-
cides, acids, and gelling agents).
Although the term fracking is often
used to describe the entire process,

with the Geisinger Clinic, located in
40 counties in central and northeast-
ern Pennsylvania that cover a range
of UNGD. The clinic has had an elec-
tronic health record (EHR) system
since the early 2000s, and the EHR
provides a rich source of longitudinal
data on patients. In the birth and
pregnancy outcomes and asthma ex-
acerbations studies, we identified
cases and control events in the EHR,
and in the nasal and sinus, migraine,
and fatigue symptoms study, we
identified cases and controls through
a questionnaire on these conditions.
In all three studies, we created co-
variates (e.g., age, sex, race/ethnicity,
co-morbid conditions, body mass
index, and tobacco use) using EHR
data for the study population. We
categorized patients into very low,
low, medium, and high UNGD
groups using a metric that incorpo-
rated the distance from the patients’
home to active wells, the density of
wells, and the size of the wells (de-
fined as the well depth and natural
gas production). In our analyses, we
controlled for other potential causes
of the outcome (for example, smok-
ing in the asthma exacerbation
study). We compared patients with
higher UNGD activity to those in the
lowest UNGD activity group.

In the birth outcome study, we
found increased odds of preterm
birth and suggestive evidence for
reduced birth weight among
women with higher UNGD activity
(those living closer to more and big-
ger unconventional wells), com-
pared to lower UNGD activity during
pregnancy. In the asthma study, we
found increased odds of asthma

the hydraulic fracturing phase only
lasts less than a month out of the
multi-year lifetime of the well. After
hydraulic fracturing, gas production
begins. The gas is compressed, and
then distributed or stored.4

The impacts of this rapid indus-
trial development can vary in spatial
scale and over the different phases
of well development. Nearby resi-
dents can experience physical expo-
sures including noise, light, and
vibration.5 Chemical exposures from
air, water, and soil pollution are also
possible.2-11 Community and social
impacts have included changes in
home prices, increased truck traffic
on local roads, and changes to the
built environment and neighborhood
aesthetics.12-15 Together, these
changes can contribute to stress and
anxiety.16 While much media atten-
tion has been paid to potential water
impacts, we think that air pollution
and social impacts may be of more
immediate concern for public health.
Whereas cancer and other conditions
resulting from potential water conta-
mination could take years to develop,
air pollution and stress can lead to
health effects within days.

To date, we have conducted
three epidemiologic studies of UNGD
that evaluated the association of
UNGD with birth and pregnancy out-
comes, asthma exacerbations, and
nasal and sinus, migraine, and fa-
tigue symptoms.17-19 We selected
these outcomes because we hypoth-
esized it was biologically plausible for
UNGD to affect the outcome through
air pollution and/or stress pathways.
Several methods were common
across the three studies. We con-
ducted these studies in partnership
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hospitalizations, emergency depart-
ment visits, and use of a medication
for asthma attacks among asthma
patients with higher UNGD activity,
compared to those with lower
UNGD activity. Finally, in our study
of symptoms, we found that pa-
tients with higher UNGD activity
had higher odds of nasal and sinus,
migraine headache, and fatigue
symptoms, compared to those with
lower UNGD activity. In each study,
we conducted sensitivity analyses
to evaluate the robustness of our
findings. For example, we repeated
the studies with a different out-
come, gastrointestinal illness, which
we would not expect to be associ-
ated with UNGD. Had we seen an
association between UNGD and
gastrointestinal illness, we would
have been concerned that a factor
other than UNGD was responsible
for our results, but we did not see
an association between UNGD and
gastrointestinal illness. As these
studies are observational, they can-
not prove that an exposure caused
an adverse health outcome. How-
ever, these studies contribute to a
growing literature on UNGD and
health outcomes. Other research
groups have also found associations
of UNGD with pregnancy outcomes
and symptoms; together these sug-
gest that UNGD is associated with
health impacts.20-22

While our studies have several
strengths, including large, population-
based samples, they also had limita-
tions: importantly, our UNGD metrics
cannot determine if our associations
are due to air pollution, stress, or an-
other pathway. Future studies are
needed to take environmental mea-

we nor any other epidemiologic re-
searchers have evaluated to date.
Therefore, health studies with de-
tailed exposure measurements (e.g.,
noise and air pollution levels) are
needed so that we can understand
why we are seeing associations be-
tween UNGD and health. With
these studies, we can better inform
doctors and patients. Until then, we
hope that policy makers adopt the
precautionary principle and make
the decision to protect public health
in the absence of complete data.
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