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The Health Effects Institute (HEI) Energy is a national research program formed to identify and conduct high-
priority research on potential population exposures and health effects from development of oil and natural gas
from shale and other unconventional resources across the United States. HEI Energy supports community
exposure research in multiple regions. To enable exposure research planning, HEI Energy conducts periodic
reviews of the relevant scientific literature. Once initial research is completed, HEI Energy will assess the
results to identify additional exposure research priorities and, where feasible and appropriate, health research
needs for funding in subsequent years.

The scientific review and research provided by HEI Energy will contribute high-quality and credible science
that supports decisions about how best to protect public health. To achieve this goal, HEI Energy has put into
place a governance structure that mirrors the one successfully employed for nearly forty years by its parent
organization, the Health Effects Institute, with several critical features:

= HEI Energy receives joint funding from the U.S. Environmental Protection Agency under a contract
that funds HEI Energy exclusively and from the oil and natural gas industry;

= HEI Energy’s independent Board of Directors consists of leaders in science and policy who are
committed to fostering the public—private partnership that is central to the organization;

= HEI Energy’s research program is governed independently by individuals having no direct ties
to, or interests in, sponsor organizations;

= HEI Energy’s Research Committee consists of members who are internationally recognized experts
in one or more subject areas relevant to the Committee’s work, have demonstrated their ability to
conduct and review scientific research impartially, and have been vetted to avoid conflicts of interest;

= All research undergoes rigorous peer review by HEI Energy’s Review Committee;

= HEI Energy staff and committees engage in open and extensive stakeholder engagement before,
during,and after research, and communicate all results in the context of other relevant research;

= HEI Energy makes publicly available all literature reviews and original research that it funds and
provides summaries written for a general audience; and

= Without advocating policy positions, HEI Energy provides impartial science, targeted to make
better-informed decisions.

HEI Energy is a separately funded affiliate of the Health Effects Institute (www.healtheffects.org).
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In 2019, the HEI Energy Research Committee (the Committee) conducted a systematic review of the
analytical epidemiology literature about unconventional oil and gas development (UOGD)* in the United
States (HEI Energy Research Committee 2019). Additional studies have been published since the
completion of that review.

The purpose of this document is to provide a summary of the newly published studies — providing
information on study methods and the exposures, health outcomes, and regions that have been studied. In
addition, we briefly compare methods used in these studies and in the studies that were included in the
Committee’s systematic review (HEI Energy Research Committee 2019). This document is not a
systematic review of the literature; instead, it provides a general update on the UOGD analytical
epidemiology literature.

The expansion of UOGD in the United States has given rise to questions about associated exposures and
their possible effects on human health. In response, a body of scientific literature has emerged that has
helped to answer some of these questions.

Overview of the Literature

The UOGD health literature published to date includes original research and reviews about the toxicity of
chemicals associated with UOGD (e.g., Balise et al. 2019; Hansen et al. 2019; Kassotis et al. 2016, 2018;
Sapouckey et al. 2018), assessments of human health risk associated with chemicals in air and water that
may have originated from UOGD operations (e.g., McKenzie et al. 2012; Rish and Pfau 2018), and
descriptive and analytical epidemiology studies of populations living in proximity to UOGD.

In the analytical epidemiology literature, investigators have assessed exposure to UOGD using a variety
of exposure surrogates, such as distance-based metrics, and examined associations with a range of health
outcomes, including perinatal, respiratory, cardiovascular, physiological and mental health symptoms, as
well as cancer. Systematic reviews of the analytical epidemiology literature have reported insufficient or
limited evidence for causal associations between UOGD and the assessed health outcomes (Bamber et al.
2019; HEI Energy Research Committee 2019). Qualitative reviews of both analytical and descriptive
epidemiology studies have come to mixed conclusions about the strength of evidence for causal
associations among a variety of health outcomes (Deziel et al. 2020; Ferrar et al. 2019; Gorski and
Schwartz 2019; Johnston et al. 2019; Krupnick and Echarte 2017; Wollin et al. 2020). Though several
investigators have described the evidence for adverse birth outcomes as “modest” (Bamber et al. 2019),
“strong preliminary” (Gorski and Schwartz 2019), and “growing” (Deziel et al. 2020), there is much to be
learned.

The 2019 Systematic Review of Analytical Epidemiology Literature

The review of the epidemiology literature (HEI Energy Research Committee 2019) took the form of a
systematic review, designed to yield a transparent, reproducible, and critical assessment of the literature.
The review addressed the question: Are there adverse human health effects associated with environmental
exposures originating directly from UOGD?

L UOGD refers to the development and production of oil and natural gas as practiced starting around the beginning
of the 21st century through multistage hydraulic fracturing in horizontal wells.
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Peer-reviewed and gray literature published electronically or in print were identified using three
electronic databases: PubMed, Web of Science, and Embase. Application of the literature search phrase
returned 3,929 studies published between January 1, 2000 and December 31, 2018. To ensure
completeness of the search, the Committee additionally examined reference lists of relevant reviews,
reviewed commentaries, and consulted with knowledgeable experts to identify both peer-reviewed and
gray literature publications that may not have appeared in the electronic literature searches. Twenty-five
studies met the Committee’s selection criteria: (1) analytical epidemiology studies; (2) peer-reviewed or
gray literature in final and complete form; (3) assessed relationships between exposures originating from
UOGD operations in North America and human health outcomes.

Literature Summarized in this Research Brief

This Research Brief summarizes the methods and main results of the analytical epidemiology literature
related to UOGD that has been published since the Committee’s 2019 systematic review (HEI Energy
Research Committee 2019). Future Research Briefs will summarize other types of literature (e.g., human
health risk assessments) that assesses UOGD’s potential effects on health.

Approach to Identifying and Extracting Data from the Literature

We used the same approach employed in the Committee’s 2019 systematic review (HEI Energy Research
Committee 2019) to identify analytic epidemiology studies published between December 31, 2018 (the
cutoff date for the 2019 review) and February 1, 2021. Twelve studies emerged from this search, and the
following data were extracted from each study:

- Study design

- Study population

- Outcome assessment

- Exposure assessment

- Control of confounding
- Analytic methods

- Reported findings

General Description of the Literature

In total, 37 analytic epidemiology studies have been published that assess relationships between
surrogates of UOGD exposure and various health outcomes (Table 1 and Figure 1). Of these studies, 12
were published since the Committee’s 2019 review.

Six of the more recent studies assessed perinatal outcomes, one assessed respiratory-related
hospitalizations (e.g., asthma exacerbation), one assessed cardiovascular disease, three assessed
symptoms, and one assessed all hospitalizations. Two studies used an ecologic study design, three used a
cross-sectional design, three used a case—control design, and four used a retrospective cohort design. As
with the studies reviewed by the Committee in 2019, none used a prospective cohort design.

The new studies have covered the same states, and in some cases the same study populations (e.g., Casey
et al. 2019; McAlexander et al. 2020; McKenzie et al. 2019a) as the studies in the original systematic
review (Figure 1). In total, the greatest number of studies took place in Pennsylvania (Figure 1). One
study (Caron-Beaudoin et al. 2020) took place in Canada.
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Table 1. Health Outcomes by Exposure Surrogate Assessed in the Studies

Exposure Surrogate

Health ; io-
Outcome (as . Pre- or . Well T|_m e and IDW by Spatio Estimated
) > 1 Time Distance .. o | Distance 8 - temporal s
defined by studies) | Earthquake periodz | POSt Spud from Wells? | €ountor | Intensity from IDW Activity Activity Concen- Flaring
Date® Density® Wells” Level® Modeli0 trations?!
PERINATAL
Cushing
Caron-Beaudoin et etal.
Birth Weight (birth al. 2020*; Currie 2020*
weight; term birth . . etal. .2017;
weight- low birth Apergis Currie et Cushing et al. Casey et al.
Weight: form low etal. al.2017; | 2020%; Hill 2018; | 2016; Casey
it weight: small 2019% Hill 2018 | McKenzie et al. etal. 2019*
for gestational age) 20143 Stagy etal.
2015; Whitworth
etal. 2017
Cushing
Caron-Beaudoin et etal.
al. 2020%; Cushing | S2€Y etal 2020*
Gestational Age et al. 2020%*; Whi t\’/vorth
(preterm birth; Hill 2018 | McKenzie etal. etal. 2018
gestational age) 2014; Stacy et al. Casé ot aI,
2015; Whitworth 20193,( '
etal. 2017
Apgar Score (5-
minute APGAR Hill 2018 Saseyetal
Score <7)
Apergis Currie et
:Egi’;t Health etal. al. 2017;
2019* Hill 2018
Birth Defects
(CHDs, NTDs, and Ma et al
oral clefts; Ma et al. Janitz et al. 2016; . McKlenzu? etal. McKenzie et
structural and Hill 2018 | 2014; Janitz et al.
2016 2018 Tang et al. 2019a*
developmental al. 2020* 2018
anomalies; any birth '
defect)
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Table 1. Health Outcomes by Exposure Surrogate Assessed in the Studies

Exposure Surrogate

Health i io-
Outcome (as Time Pre- or Distance well B?;;sgg IDW by t?r%atcl)(r)al Estimated
defined by studies) | Earthquake! | 5 . | Post-Spud | .~ o, | Countor Intensity® from IDW?® Activity Actri)vi ty Concen- | Flaring®?
Date® Density® Wells” Level® Modeli0 trations?!
High-Risk
Pregnancy (clinical Casev et al
indication on 2016y '
electronic medical
record)
Mortality (fetal Busby & Bushy & .
death, early infant Mangano Mangano \ZI\érl\gworth etal.
mortality) 2017 2017
CANCER
Fryzek et
All Cancer al. 2013
Lymph (leukemiga;
?org-th(rjr?ak'lzcute Finkel et Fryzek et McKenzie et al.
ymphoblasti al. 2016; | al. 2013 2017
leukemia)
Mokry Fryzek et
CNS 2010 al. 2013
: Finkel et
Thyroid al. 2016
. Finkel et
Urinary Bladder al. 2016
Mokry
Breast 2010
RESPIRATORY
Asthma (oral Peng et Willis et
corticosteroid order; Peng et al. Willis et al. 2018; al. 2020*
asthma emergency 2018; al. 2018; Willis et Rasmussen
department; Willis et Willis et al. 2018; etal. 2016
inpatient asthma al. 2018 al. 2020* | Willis et
hospitalization) al. 2020*
. Peng et al. Peng et
Pneumonia 2018 al. 2018
Peng et al. Peng et
URI 2018 al. 2018
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Table 1. Health Outcomes by Exposure Surrogate Assessed in the Studies

Health
Outcome (as
defined by studies)

Exposure Surrogate

Earthquake!

Time
Period?

Pre- or
Post- Spud
Date®

Distance
from Wells*

Well
Count or
Density®

Intensity®

Time and
Distance
from
Wells”

IDW?

IDW by
Activity
Level®

Spatio-
temporal
Activity
Model*®

Estimated
Concen-
trations!

Flaring®?

COPD

Peng et al.
2018

Peng et
al. 2018

CARDIOVASCULAR

Biomarkers of
Effect
(augmentation
index; systolic
blood pressure;
diastolic blood
pressure; IL1, IL-
6, IL-8, tumor
necrosis factor-a)

McKenzie et
al. 2019b

Heart Failure
Hospitalization

McAlexander
et al. 2020*

Acute Myocardial
Infarction

Peng et al.
2018

SYMPTOMS

Physiologic
Symptoms
(Dermal,
respiratory,
neurological, Gl,
cardiac; other
[stress and fatigue];
CRS, migraines,
fatigue)

Elliott et al.
2018;
Rabinowitz
etal. 2015

Brown et
al. 2019%;
Blinn et

al. 2020*

Elliott et al. 2018;
Rabinowitz et al.

2015; Blinn et al.
2020*

Elliott et al.

2018;

Tustin et al.

2017

Brown et
al. 2019%;
Blinn et al.
2020*

Mental Health
Symptoms (life
satisfaction; bad
mental health days;
Google search for
"anxiety";
depression
symptoms and
disordered sleep;
self-rated health)

Casey et al.
2018a

Maguire
&
Winters
2017,
Mayer et
al. 2020*

Casey et al.

2018b
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Table 1. Health Outcomes by Exposure Surrogate Assessed in the Studies

Exposure Surrogate
Health Time and Spatio- :
Qutcome (as_ Earthquake! Time P Prte-sor q Distance CWetII Intensity® Distance IDWE ,IOI\D\tN .tiy ter%poral Ecstlmated Flaring'2
defined by studies) arthquake Period? 0St SPUG T £rom Wells® ount of | Intensity from ctivity Activity oncen- anng
Date Density Wells? Level Model 0 trations
OTHER
Denham
Multiple ;toig*.
Hospitalization L
. Jemielita
Diagnoses
etal.
2015;

! Earthquakes: Number of USGS-recorded earthquakes >4 in magnitude.

2 Time period: Exposure defined as a specified date range or whether outcome occurred before or after the spud date.

3 Pre- or post-spud date: Outcome rate before or after earliest spud date in geographic unit.

4 Distance from wells: Distance between a household and nearest well or number of wells within a specified radius.

SWell count or density: Total number of UOGD sources within geographic area (e.g., ZIP code, county, radius around home).

6 Intensity: Natural gas output or annual tons of emissions from UOGD sites.

" Indicator of time and distance: Product of two binary variables indicating (1) if spud date of nearest well occurred before or after birth and (2a) if distance of active well from residence is

within specified radius or (2b) the density of wells within specified radius.
8 IDW: Inverse of distance between a household and each well within a specified radius, summed across all wells within that radius.
° IDW by activity: Inverse of distance between a household and each well, summed across all wells within a specified radius around the residence and categorized by separate UOGD phases

(e.g., drilling, production).
10 Spatio-temporal activity model: A score incorporating well-specific information on location, number of wells, activity phase, use of green completion, production volume, number of tanks

on well pad, and intensity.
1Sum of ambient concentrations of PM2s, carbon monoxide, nitrous oxides, volatile organic compounds, and formaldehyde predicted from a box air pollution dispersion model with

emissions factors from multiple UOGD sources and wind speed as inputs.
2Flaring: Number of nightly flares within 5 km of residence and the total flared area (m?) from all flares within 5km of maternal residence (Cushing et al. 2020); The monthly flaring volume by zip code

(Willis et al. 2020)
*Studies published between January 1, 2019 and February 28, 2021.

Abbreviations: CHDs: congenital heart defects; CNS: central nervous system; COPD: chronic obstructive pulmonary disease; CRS: chronic rhinosinusitis; GI: gastrointestinal; IL:
interleukin; NTDs: neural tube defects; URI: upper respiratory infection.
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Figure 1. Studies included in and published since HEI Energy Research Committee (2019) shown by location
and assessed health outcome.

Locations of new studies published since HEI Energy Research Committee (2019):

Canada: Caron-Beaudoin et al. (2020); Colorado: McKenzie et al. (2019), Mayer et al. (2020); Oklahoma: Apergis et al.
(2019); Pennsylvania: Brown et al. (2019), Casey et al. (2019), Denham et al. (2019), Blinn et al. (2020), McAlexander et
al. (2020); Texas: Cushing et al. (2020), Tang et al. (2020), Willis et al. (2020).

Note: Within the pie charts, each color represents a different health outcome category and each number represents the
number of studies assessing each outcome.

Summary of Literature by Assessed Health Outcomes

This section describes the 12 more recent studies, categorized by the type of health outcomes assessed in
each one. The phrase “earlier studies” refers to those that the Committee reviewed in its 2019 systematic
review.

Perinatal Outcomes

Most of the recent studies focused on a variety of perinatal outcomes, including two on birth defects
(McKenzie et al. 2019a; Tang et al. 2020), and four on other birth outcomes (Apergis et al. 2019; Caron-
Beaudoin et al. 2020; Casey et al. 2019; Cushing et al. 2020) such as preterm birth (PTB), birthweight,
gestational age, small for gestational age (SGA), and composite health indices. All studies applied
exposure surrogates used in the earlier literature, including phase-specific inverse distance weighting
(IDW), well density, distance to wells, and a spatio-temporal activity model (defined in Table 1). Two of
the seven studies controlled for potential non-UOGD sources of exposure (McKenzie et al. 2019a; Tang
et al. 2020).

Birth defects. McKenzie et al. (2019a) is a case—control study focused on congenital heart defects (CHDs)
for all births in Colorado from 2005 to 2011. In this study, the investigators built on their original study,
which examined associations between the IDW exposure surrogate (defined in Table 1) and birth defects
(McKenzie et al. 2014), by using a more detailed exposure assessment (Allshouse et al. 2017) and control
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for confounding (with non-UOGD air pollution sources included as model covariates), and conducting
detailed residential history in the same study population. They reported stronger positive associations
between UOGD and congenital heart defects than those reported in their earlier work (McKenzie et al.
2014). 1t is unclear whether results differ as a function of the methods used to assess exposure, control for
confounding, or other factors.

Tang et al. (2020), a case—control study, examined associations between well density within three
different distances (1 km, 3 km, and 7.5 km radii) from the maternal residence and 16 birth defects for
births between 1999 and 2011. They divided the exposure surrogate at each radius into tertiles. The
investigators described their exposure proxy as a surrogate of UOGD-related chemical exposure through
air and water pathways. They included socioeconomic covariates in their models, as well as rural or urban
status and average daily vehicle miles traveled by county — two variables that had not been considered in
the earlier literature. In addition, the investigators assessed effect modification by race/ethnicity and
socioeconomic status. The investigators reported inconsistent results across well density tertiles within 1,
3, and 7.5 km radii around homes. Tests of trend were significant for five of the birth defects assessed.
They also reported increased odds of neural tube defects and congenital heart defects in the third tertile
across all radii in the Hispanic population, but not in the non-Hispanic population.

Other Birth Outcomes. Four studies assessed a range of birth outcomes related to birth weight and
gestational age (Apergis et al. 2019; Caron-Beaudoin et al. 2020; Casey et al. 2019; Cushing et al. 2020).
Apergis et al. (2019), a retrospective cohort study, included all births in Oklahoma between 1996 and
2017 and examined the relationship between birth weight, low birth weight, and a composite health index
and well density within specified radii (1 km, 1-5 km, 5-10 km, and 10-20 km) around the maternal
residence ZIP code. They stratified their results by conventional and unconventional wells and by year of
birth (19962005 and 2006-2017). They controlled for covariates related to the mother’s age, race,
educational attainment, and child parity. They reported significant (p<0.05) positive associations between
well density within 0-1 and 1-5-km radii around the maternal residence and probability of low birth
weight and decreased health index value for births between 2006 and 2017.

Caron-Beaudoin et al. (2020), a retrospective cohort study, examined associations between the IDW
exposure surrogate within a 2.5, 5, and 10 km radii around the maternal residence and head
circumference, birthweight, SGA, and PTB for births at one hospital in northeastern British Columbia
between 2006 and 2016. Their models included maternal age, parity, smoking status, infant sex, and year
of birth. The investigators reported inconsistent results across quartiles and radii. Tests for trend were not
significant for any models.

Casey et al. (2019), a retrospective cohort study, focused on maternal anxiety and depression as potential
mediators in the relationship between birth outcomes (preterm birth and term birth weight) and UOGD
exposure. This is the first UOGD analytic epidemiology study to examine the role of mediation. The team
utilized Geisinger health system data in Pennsylvania for births between 2009-2013 and extracted
information on mental health diagnosis and antidepressant medication orders during pregnancy. They also
stratified results by medical assistance (a surrogate for socioeconomic status). They used a phase-specific
IDW to assess exposure (described in Table 1). The investigators reported increased risk of PTB in the
fourth compared with the first exposure quartile and reported relationships consistent with the null
between antenatal anxiety or depression and adverse birth outcomes and no mediation effect.

Cushing et al. (2020), a retrospective cohort study, assessed the relationship between UOGD flaring and
PTB, SGA, birthweight, and gestational age for births in the Texas Eagle Ford Shale play counties from
2012 to 2015. Along with Willis et al. 2020 (discussed below under respiratory outcomes), Cushing et al.
(2020) were the first to explore the associations between UOGD-related flaring and health. They
identified flares using satellite observations and defined three exposure surrogates: (1) number of nightly
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flares during pregnancy for each participant within 5 km of their residence, (2) total flared area during
pregnancy, and (3) IDW of each nightly flare observation. Their models included numerous covariates:
maternal age, race/ethnicity, U.S. or foreign born, educational attainment, pre-pregnancy body mass
index, smoking status, insurance type, parity, high-risk pregnancy status, infant sex, adequacy of prenatal
care, number of wells, and the year and season of birth. Of the 23,487 births included in the study, 92%
were not exposed to flaring within a 5 km radius of the residence. As with Tang et al. (2020), they
examined effect modification by Hispanic and non-Hispanic populations. They reported that prenatal
exposure to flaring was associated with an increased odds of PTB and shorter gestational age for the
“high flaring” groups (i.e., highest quartile). Results were consistent with the null for SGA and
birthweight among both groups.

Cancer Outcomes

Studies quantifying associations UOGD exposure and cancer outcomes have not been published since
HEI Energy Research Committee (2019).

Respiratory Outcomes

Willis et al. (2020), an ecologic study, focused on pediatric asthma hospitalizations occurring between
2000 and 2010 at the ZIP code level in Texas, and included only ZIP codes with geographic overlap with
shales or basins. The investigators created three exposure surrogates at the ZIP code level: (1) well
density, (2) flaring volume as reported by operators, which the investigators identify as being inaccurately
reported, and (3) production volume. They ran separate analyses for conventional and unconventional
wells and stratified models by race, ethnicity, household income, urbanicity, and age. Models included the
following covariates: population density, age, percent non-White, percent Hispanic, National Air Toxic
Assessment respiratory hazard index from 2005, and other county-level socioeconomic covariates. They
also ran models that included year, quarter, and county-level fixed effects to allow for assessment of
associations within counties over time. In their full models that include these variables, investigators
reported significant increased odds of at least one pediatric asthma hospitalization within each tertile of
the well density and production volume exposure surrogates and in the first tertile of flaring volume, as
well as a significant inverse association in the third tertile of flaring volume. They reported similar results
across age, racial, and income groups for the three exposure surrogates, and stronger results for flaring
volume in urban as compared to rural ZIP codes. The investigators did not estimate exposure at a
temporal resolution that would allow for assessment of acute outcomes.

Cardiovascular Outcomes

McAlexander et al. (2020), a case—control study, examined associations between phase-specific IDW and
heart failure cases, extracted from Pennsylvania Geisinger healthcare system data from 2008 to 2015.
They described their exposure surrogate as encompassing air pollution and non-air pollution exposures.
They considered a detailed set of individual-level and community-level covariates, including age,
smoking status, information about smoking status, medication use, body mass index, duration of care,
comorbidities, socioeconomic status, residential greenness, and roadway proximity. In their full model,
the research team reported increased odds of heart failure in the second, third, and fourth quartiles
compared to the referent (first quartile) for the pad preparation phase, increased odds in the third and
fourth quartiles for the stimulation phase, and increased odds in the fourth quartile as compared with the
referent in the production phase. They reported null associations during the drilling phase.

Symptoms

Three studies focused on self-reported health symptoms. Mayer et al. (2020), a cross-sectional study,
examined odds of lower self-rated health (answering the question on a Likert scale “How satisfied are you
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with your health”) between three Colorado towns, each town representing varying UOGD activity levels.
They controlled for respondent race, age, income, employment and education status, trust in state-level
regulatory agencies, and UOGD-related stress derived from the question: “As a result of 0il and gas
development, in my community, I experience more daily stress.” They reported that the communities with
high and medium levels of UOGD activity had lower self-rated health compared with the community with
no UOGD activity.

Two studies (Blinn et al. 2020; Brown et al. 2019), both cross-sectional, examined associations between
UOGD and a broad range of symptoms in a group of adults and children who participated in the study
because they had concerns about UOGD exposure. The participants reported health concerns to the
Southwest Pennsylvania Environmental Health Project. The investigators included the following
covariates in their models: age, sex, smoking status (Brown et al. 2019 only), and water source. To assess
exposure, both studies used simple air pollution modeling methods to predict concentrations of five
compounds (nitrogen oxides, carbon monoxide, volatile organic compounds, and particulate matter < 2.5
pm in aerodynamic diameter). In addition, they assessed exposure using several other surrogates: Brown
et al. (2019) quantified number of UOGD sources in each prevailing wind direction of the residence (in
other words, the number of UOGD sources to the north, south, east and west of each residence); Blinn et
al. (2020) applied the IDW exposure surrogate and quantified well density within a 5 km radius of the
residence. Brown et al. (2019) reported significant, decreased odds of all respiratory symptoms with an
increased number of UOGD sources to the north of the residence and significant, increased odds with an
increased number of UOGD sources to the west. Results were consistent with the null for the air pollution
model-based exposure surrogate. Blinn et al. (2020) reported mixed results depending on the assessed
symptom and exposure surrogate.

Hospitalizations — All Diagnostic Codes

Denham et al. (2019), an ecologic and exploratory study, examined associations between county-level
well count and density and non-targeted hospitalization diagnoses in Pennsylvania. This study built on the
work of Jemielita et al. (2015) by extending the number of counties included and years assessed (2003—
2014). They included county and year fixed effects in their models but did not control for other
covariates. For both well count and density exposure surrogates, they reported positive associations for 2
of the 17 health outcome categories (genitourinary disease and diseases of the skin) and results consistent
with the null for the other 15 health outcome categories.

This review summarizes a growing body of literature about the potential health effects of UOGD. Many
of the studies expand on earlier research by controlling for additional potential confounders, performing
effect modification assessments and mediation analyses, and using exposure metrics designed to
minimize measurement error. However, the studies have many of the limitations identified in the
Committee’s original report, notably limited-to-no control of potential confounding in some studies,
including non-UOGD environmental sources and inconsistent results across studies. Also, some
differences in study design and methods hinder the ability to perform inter-study comparison.

HEI’s Energy Research Committee will continue to track this literature and other health and exposure
literature related to UOGD. The Committee will use published criteria (e.g., Bhide and Acharya 2015;
Khan et al. 2003; Munn et al. 2018) to assess whether additional systematic review of the literature is
merited.
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Although this document was produced with partial funding by the United States Environmental Protection
Agency under Contract No. 68HERC19D0010 to the Health Effects Institute—Energy, it has not been
subject to the Agency’s review and therefore does not necessarily reflect the views of the Agency, and no
official endorsement by the Agency should be inferred. Oil and natural gas companies also provided
funding to produce this document; however, it has not been subject to their review and therefore does not

necessarily reflect the views of any of the oil and natural gas companies, and no endorsement by them
should be inferred.
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